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THE VALIDITY OF RAPID DETERMINATIONS OF THE OSMOTIC 
PRESSURE OF PROTEIN SOLUTIONS ^ 

By H. S. WELLS, D. G. MILLER, JR., and B. M. DRAKE 
(Front the Laboratory of Physiology, Vanderbilt University School of Medicine, A~ashviIIe) 

(Received for publication June 18, 1934) 


The methods for measuring osmotic pressure 
whidi are at present acceptable to the more criti- 
cal investigators (1, 2) often require weeks or 
montlis to carry out. jMembranes must be se- 
lected with so slight a degree of permeability that 
there can be no question of the escape of solute 
molecules into the outer solution. Many days 
may be required to attain equilibrium, and it is 
considered good practice to maintain the final 
pressure over a long period in order to make 
certain that a true equilibrium has . been estab- 
lished. When protein solutions are used it is 
customaiy^ to presen'e them against putrefactive 
or other changes by conducting the experiment 
at 0° C. However, not all protein solutions re- 
main stable under these conditions ; and, in fact, 
no method has as yet been found which will pre- 
serve blood serum or other biological fluids in 
M osmotically stable condition for a sufficient 
period to allow the determination of the original 
osmotic pressure by the standard methods. 

The use of relatively permeable membranes in 
attempts to measure the osmotic pressure of se- 
proteins by the various rapid methods now 
common use for clinical investigations is a 
questionable practice, unless it can be demon- 
strated conclusively that these membranes are 
strictly semipermeable. In the absence of a 
standard preparation of serum of known osmotic 
pressure it will be necessary, alternatively, to dem- 
i _ onstrate the accuracy of such rapid methods by 
I tests carried out with some other protein solution, 
the osmotic pressure of which has been accurately 
'ietermined by an orthodox method. It must fur- 
ther be shown that serum proteins remain in an 
; osmotically stable condition during the time re- 
quired for the determination. The data to be 
presented indicate that the rapid method in use 
‘0 this laboratory (3, 4, 5, 6) for studies on bio- 

• ^This study has been aided by a Fluid Research Fund 
I Granted by the Rockefeller Foundation. 


logical fluids does indeed measure up to these 
criteria of reliabilitj'. 

PEOCEDUEES 

The determinations of the osmotic pressure were car- 
ried out as described previously, except that the osmome- 
ters, supported on convenient racks, were submerged be- 
low the surface of water in a bath, the temperature of 
which could be maintained constant within rh 0.05° C. or 
better. The temperature of 0° C. was maintained by the 
addition of cracked ice, thoroughly stirred with air and 
prevented from blanketing the osmometers by being held 
in the center of the bath behind a barrier of fine wire 
screen. Other temperatures below and above that of 
the room were obtained by a combination of cooling coils 
and heater or by the heater alone, in the usual manner. 
The necessity of maintaining a constant temperature is 
obvious when one considers that a change in temperature 
of 0.1° C. or less will produce an appreciable change in 
volume of the solution, with a corresponding movement 
of the meniscus in the capillary tube of the osmometer. 

It has been found that blood serum will usually undergo 
irreversible changes at 0° C. Osmotic equilibrium can- 
not be estabh'shed, the pressure continues to fall, and a 
definite predpitation of protein occurs. At temperatures 
above 25° C, on the other hand, serum, when collected in 
the usual way without special aseptic precautions, will oc- 
casionally, but by no means invariablj-, develop putrefac- 
tive changes within the time necessary for the attainment 
of equilibrium. In the studies on the relation of the os- 
motic pressure to temperature, therefore, the pressure 
was determined first at the lowest temperature (which 
was never below 10° C.). A very few hours at each of 
the higher temperatures would then suffice for the attain- 
ment of a new equilibrium, without danger of putrefac- 
tive changes. In a few instances the temperature was 
again lowered to the originzl level and the pressure re- 
determined. The fact that these two determinations at 
the original low temperatm-e gave values which checked 
well within the limits of error of the method was con- 
sidered as positive eridence that the serum had not under- 
gone irrer-ersible changes during the course of the ex- 
periment. 

Hemoglobin solutions may be kept almost indefinitely 
at 0° C. as Adair (1) found; but putrefaction occurs 
readily at higher temperatures. Errors due to such 
changes maj' be avoided if one conscientiously adheres 
to the rule that no pressure value shall be considered a 
true equilibriiun pressure unless the meniscus of fluid in 
the osmometer can be kept at an absolutely constant le-.-el 
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(at constant temperature) for a period of at least two 
hours. A continuous fall of the pressure, no matter how 
gradual, which persists long after the time usually re- 
quired to attain equilibrium, is prophetic of the obvious 
putrefaction or precipitation of protein which is to fol- 
low. 

Membranes of several specific permeability ranges were 
prepared by varying the concentration of alcohol in which 
the dry collodion sacs were allowed to swell. For this 
purpose alcohol-water solutions were prepared as fol- 
lows; 91 cc. of absolute alcohol (density, d 4 “ = 0.7816) 
plus 9 cc. water, giving a solution of density 0.8124 and 
weight per cent 88.79 and providing membranes in the 
specific permeability range O) of 1 to 3 X 10'®; 93 cc. 
alcohol plus 7 cc. water, density 0.8062, weight per cent 
91.14, permeability range 6 to 12 X 10'*; 95 cc. alcohol 
plus 5 cc. water, density 0.7997, weight per cent 93.50, 
permeability 20 to 57X10'®; and 97 cc. alcohol plus 
3 cc. water, density 0.7924, weight per cent 96.10, giving 
the range of permeability of 200 to 300 X 10'®. Mem- 
branes of the latter group are usually distinctly perme- 
able to serum proteins, but in one instance an equilibrium 
was attained, without leakage of protein. The “95- 
alcohol” grade of membranes may be considered the 
standard, as they are the most practical to use for ordi- 
nary purposes. iThey have been employed throughout 
the present investigation, except for certain of the ex- 
periments reported in Table II. 

In several instances, during the past few years, an 
ultrafiltrate of serum has been prepared for use as outer 
solution. Serum was ultrafiltered through the standard 
membranes, as defined above, at a pressure of 300 to 
500 mm. Hg. During the course of 2 or 3 hours, 1 cc. 
or more of ultrafiltrate was obtained. A fresh mem- 
brane was always employed for the measurement of 
osmotic pressure. While the use of the ultrafiltrate may 
give initial pressure readings which are much closer to 
the equilibrium values (within 30 mm. of water, or there- 
abouts) the time required to attain equilibrium was not 
appreciably shortened in any of our experiments. The 
same equilibrium was obtained as when 0.9 per cent 
sodium chloride or Ringer-Locke’s solution was used as 
the outer solution. Consequently there seems to be no 
advantage to be gained from the use of ultrafiltrates. 

Hemoglobin solutions were prepared from oxalated 
human blood of normal individuals. The blood was 
centrifuged and the serum removed. The cells were 
washed four times in the centrifuge with an equal vol- 
ume of Ringer-Locke’s solution of the following com- 
position: NaCl, 0.9 gram per 100 cc.; KCl, 0.042; CaCh, 
0.024; NaHCOs, 0.02. No glucose was added. The pH 
of the solution by the method of Cullen (7) was 8.00. 
After washing, the corpuscles were laked by adding an 
equal volume of water and 3 mgm. of saponin per 1 cc. 
of cells. One-half volume of triple strength Ringer- 
Locke’s solution was then added to make up the normal 
salt concentration. In each experiment two or three 
dilutions were prepared from the original concentration 
(whicli contained from 12 to 14 grams of hemoglobin 


per 100 cc. of solution). The concentration of hemo- 
globin in each solution was determined by the refracto- 
metric method of Stoddard and Adair (8). The readings 
of the Abbe refractometer were sharp for hemoglobin 
concentrations below 10 per cent, but much less accurate 
for the more concentrated solutions. The observed val- 
ues of the lower concentrations were related to each 
other as their dilution factors, within ±0,2 per cent 
In one experiment the concentrations of four solutions 
were determined also by the oxygen capacity method of 
Van Slyke. The values checked those of the refrac- 
tometer within ± 0.2 per cent hemoglobin. 


DATA 


Table I presents data relating to the effect of 
temperature on the osmotic pressure of blood se- 
rum and of hemoglobin solutions. The findings 
indicate that serum remains osmotically stable to 
variations in temperature from 10° C. to 37° C. 
during a sufificient period of time to allow the de- 
terminations to be carried out. The changes in 
osmotic pressure which occur under these condi- 
tions are reversible and are approximately of the 
magnitude to be expected on the assumption that 
serum behaves, osmotically, as an ideal solution. 
The possibility that cooling the serum below bo y 
temperature produces significant chemical or co- 
loidal changes in the proteins is apparently rule 
out. Consideration of the data on hemoglobin 
leads to similar conclusions. The determinations 
were carried out in duplicate. The “ observed os 
motic pressure change ” was taken as the mean o 
the changes in pressure observed in the indivi ua 
osmometers. The “ theoretical change ” was ca 
culated from the mean of the pressure readings 
at the lowest temperature, on the assumption t a 
pressure is proportional to absolute temperature. 
The ratio of the pressure change observed to t la 
calculated in each case is given in the table, 
variability of these ratios in individual expen 
ments is to be attributed, in part at least, to vana^ 
tions in the capillarity of the solution in dio 
mometer tubes during the course of the exper^ 
ment. The error of determining the 
capillarity correction by observing the heig ’ s 
which the rising and falling solution comes to re^^ 
in the osmometer tube at the end of the 
ment should not appreciably affect the accuracy 
the calculations, provided the actual 
capillarity remained constant in each tube 
out the experiment (which often lasted 24 
or longer). Various lines of evidence, sue 
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TABLE I 


Tlie Tclalion of the increase in osmotic pressure of human blood serum and hemoglobin solutions to changes in temperature^ 
over different ranges, as compared scilh the changes vhick would be expected to occur in ideal solutions 


Sample 

Subject 

. observed osmotic pressure change _ Ar/n 
theoreUcU change AT/T 

Average ratio for all 
teraperatnre ranges 

0»-20* 

j 0“-25* 

10«-20" 

l0*-30* 

10“-37» ! 

1 

15»-3S* 


Serum 

Hemoglobin 

Serum 

Bi 



.537 

.910 

.672 

! 

.775 

.724 


{( 

Ca 



1.042 

1.025 

1.020 


1.026 

1.028 


4( 

Dr 





.648 



.648 


** 

Ha 



.714 

.702 




.708 


{( 

Mi (a) 



1.065 

.994 




1.005 


II 

Mi (b) 






.720 


.720 


II 

Mi (c) 






.690 


.690 


11 

Mi (d) 



.729 


.812 


.883 

.808 


II 

Sm 







.703 

.703 


II 

Sp 



.975 





.975 


II 

We 






.703 


.703 


II 

X 






1.440 


1.440 


Hemoglobin 

II 

Dr 

1.00 








1.000 

Dr 

1.35 








1.350 

11 

Mo 


.935 







.935 

II 

Mo 


.840 







.840 

l( 

Br 


.792 







.792 

If 

Br 


.910 







.910 

II 

Br 

1 

.885 







.885 

Averages 

1.175 

.872 

.843 

.895 

.788 

.888 

1 

1 

.847 

.854 i: .044* 



* Standard error of the mean. 


the occasional appearance of grease or of small 
amounts of adsorbed protein at the meniscus, in- 
dicate that the capillarity was not always the same 
at the different levels to which the meniscus was 
brought by the various temperature changes. The 
magnitude of the errors of capillarity, while not 
great in comparison with the total osmotic pres- 
sure, must be relatively large in proportion to the 
changes in pressure produced by changes in tem- 
perature. Consequently, one can draw conclu- 
sions from the data only on the basis of average 
^■alues of the ratios, which may be expected to 
smooth out the unavoidable errors of the present 
method. 

In spite of the errors, it would appear that tem- 
perature has a larger effect on the osmotic pres- 
sure of serum of some subjects than of others. 
It would appear, also, that the ratio is approxi- 
mately the same over the various temperature 
ranges studied. The mean of the ratios for all 
determinations on serum is 0.85 .04 (where 

^ -04 is the standard error of the mean). The 
^(^20 for hemoglobin is 0.96 .07, the greater 

standard error being due, in part, to the relative 
Paucitj- of data on hemoglobin as compared to 


serum. The chances are about even that the true 
mean for serum may be as high as 0.89 and that 
the mean for hemoglobin maj- be as low as 0.89 ; 
consequently the difference between the observed 
means is not significant. The mean ratio for all 
the determinations, on seimm and hemoglobin, is 
0.88 ± .04. The standard de\’iation of the indi- 
\'idual ratios about this mean is d: 0.2. 

Although the mean values of the ratios, as 
found, are not sufficiently accurate to justify a 
discussion of their significance in relation to the 
theory- of solutions, they do indicate that, for 
practical purposes, no great error will be intro- 
duced b}^ emploj-ing a ratio of 1.0 (as for the 
case of ideal solutions) in calculating the osmotic 
pressure of serum or hemoglobin at different tem- 
peratures. This assumption allows the use of the 
simple formula, = T^^j, in which =■ is the 

osmotic pressure, and T is the absolute tempera- 
ture. Emplo%-ing this formula it is found, for 
example, that a correction of 6 per cent of the 
■value of the osmotic pressure at 20= C. should be 
added to give the approximate pressure at body 
temperature. 

References in the literature to prewous studies 
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on the relation of temperature to the osmotic pres- 
sure of protein solutions are few, and the data 
have not been satisfactory. Martin (9), without 
publishing data, claimed to have found that Gay- 
Lussac’s law was obeyed exactly. Adair (10) 
employed the thermodynamic relations based on 
this law in calculating the pressure of hemoglobin 
at 0° C. from some of his data which had been 
obtained in experiments at a higher temperature, 
Krogh and Nakazawa (11) failed to demonstrate 
any effect of temperature on the osmotic pressure 
of serum. Verney (12) was able to conclude 
that, while temperature has some effect on the 
osmotic pressure of serum, it is much less than 
that called for by the theory of ideal solutions. 

TABLE II 

Showing that, within the limits of error of the method, 
the same equilibrium pressure is obtained on the same 
sample of serum with membranes of widely different 
permeabilities. Osmotic pressure in mm. of water at 
20° C. 


Specific permeability ranges of membranes 


Subject 

1 to 3 

X 10-8 

6 to 12 

X 10-8 

20 to S7 

X 10-8 

200 to 300 

X 10-8 

Go 

mm. HtO 

mm. HiO 

448 

mm. HiO 

432 

mm. HiO 

431 

Ha 


450 

442 

leak 

Sp 

352 

348 

349 

349 

351 


Mi 

363 

366 

366 

364 

360 


We (a) 

385 


412 

400* 

397 

399 

382 

388 


We (b) 

390 

393 

! 

398 

401 

397 

395 



* Ultrafiltrate as outer solution. 


The data shown in Table II provide direct 
evidence of the complete impermeabilit)' of the 
membranes to all fractions of the serum proteins. 
Within the limits of error of the method, the same 
pressure is observed when membranes are used 


which are either much more (within limits) or 
much less permeable than the usual grade. It is 
probable that the membranes used in the standard 
osmotic pressure methods are much less permeable 
than the tightest membranes of our series (which 
did not usually require more than 8 to 12 hours 
for the attainment of equilibrium). Although 
some colloids may require tighter membranes, the 
specific permeability (3) range of 20 to 40 X 10‘® 
would appear to be ideal for blood serum, hemo- 
globin, and in all probability for many other types 
of protein solutions. Equilibrium, with such 
membranes, may be attained within 3 to 12 hours, 
and the average time required to carry out the 
whole determination is approximately 8 hours. 

The possibility that some property of the mem- 
brane, other than its permeability, may affect the 
value of the equilibrium pressure has already been 
ruled out, in our opinion, by the work of Turner 
(13), who obtained the same values for the os- 
motic pressure of serum with membranes com- 
posed of a variety of materials. 



Fig. 1. Pressure-concentration graph of hemoglobin- 
salt solutions. Comparison of data obtained by the rapid 
method with values published by Adair. Curve, plotted 
from the formula, ’r = 37Hb/l — 0.02S4Hb, where jt is 
the pressure in mm, of water at 0° C. and Hb is the 
concentration of hemoglobin in grams per 100 cc. of 
hemoglobin-Ringer solution of pH 8.0. 

Figure 1 shows the relation of the osmotic pres- 
sure to the concentration of hemoglobin-Ringer 
solutions (prepared from the blood of four hu- 
man subjects). It is to be noted that our values 
correspond verj’’ well with those obtained by Adair 
in his studies on solutions of hemoglobin,^ from 
various species. Adair (14) found that, in the 
presence of salts at a total concentration above 
0.01 jM., the osmotic pressure of hemoglobin is 
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independent of the pH, except at high concentra- 
tions of hemoglobin (above 6 to 10 per cent). 
Since we have employed the same pH which 
Adair used in most of his determinations (pH 
8.00) and have made up our solutions with salts 
whose total concentration is considerably above 

0.01 M. there is no reason to believe that the cor- 
respondence of our values with those of Adair 
can be attributable to chance. The pressure-con- 
centration relations of hemoglobin solutions, as 
found by Adair, have previously been confirmed 
by others (2, 15). 

It is probable that the degree of scattering of 
the points corresponding to the higher concentra- 
tions of hemoglobin is due in part to the relatively 
great effect of slight changes in salt concentration 
and of pH at concentrations of hemoglobin above 
6 to 10 per cent (Adair (14) ), and in part to the 
relative inaccuracy of the refractometric deter- 
mination of the higher concentrations. In any 
case the data support the contention that the mem- 
branes used in our method are strictly semiperme- 
able with respect to hemoglobin, and therefore, 
presumably, to serum proteins also. 

The cur\'e, drawn through the points of Figure 
1 is plotted from the formula, -r — STHb/l — 
0.0254Hb, which was obtained by Adair (14) 
from his data on the hemoglobin of sheep. The 
equation corresponds to the form ?r(v — b) =k, 
in which v = 100/Hb, b = 2.54 and k = 3700. 
The pressure is expressed in mm. of water and 
the concentration, Hb, in grams per 100 cc. 
Adair finds that this equation expresses the rela- 
tion of concentration to pressure (at 0° C.) up 
to 20 per cent hemoglobin. Values of the osmot- 
ic pressure calculated by this formula may con- 
veniently be employed for a comparison with ob- 
seived values in tests which may be carried out 
Ju any laboratoiy^ to check the accuracy of an 
osmotic pressure method. Such tests may be ear- 
ned out at any convenient temperature above 0° 
C-i for the corresponding pressure values may 
then be corrected to 0° C. by the application of 
the equation, 7r; = 57i T^Tj, which, as our studies 
have demonstrated, is applicable to hemoglobin 
solutions. 

SUMMARY 

. Critical tests applied to the procedures in use 
in this laboratory for the determination of the 


osmotic pressure of proteins in biological fluids 
indicate that the method gives reliable results : 

1. Serum is shown to remain osmotically stable 
to variations in temperature from 10° C. to 37° 
C. for a sufficient time to allow the determination 
to be carried out. Variations in temperature, 
within this range, produce changes in the osmotic 
pressure which are reversible and w'hich are of 
the magnitude to be expected from the theory of 
ideal solutions. 

2. The membranes employed are completely im- 
permeable to the serum proteins, for their perme- 
ability may be either decreased or increased, over 
a wide range of specific permeability values, with- 
out affecting the value of the observed osmotic 
pressure. 

3. The osmotic pressure of hemoglobin solu- 
tions, as determined by the rapid method, are 
identical, within the limits of error, with values 
established by others, who have used the “ slow ” 
methods hitherto considered essential for accurate 
studies. The practicability of the use of hemo- 
globin solutions, for the standardization of os- 
motic pressure methods in all laboratories is em- 
phasized. 

4. The rapid method, standardized as indicated, 
appears to be stifficiently reliable to warrant its 
use in many types of investigations of the osmotic 
properties of proteins. 
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Pregnancy in women has been showm by Bo}’'d 
(1) to be accompanied by a lipemia invohnng cer- 
tain definite changes in the lipid concentration of 
the red blood cells and blood plasma. Correlating 
this with earlier work the conclusion was reached 
that the increase in the concentration of blood 
lipids commences about midway in the nine 
months of gestation. Fat metabolism in the fetus 
also becomes active about the mid-point of preg- 
nancy as indicated by increasing amounts of lipids 
being laid down in the growing offspring (2), 
The time relationship of these two processes sug- 
gests that they may be related. 

To prove or disprove this possible relation was 
the purpose of the present investigation. As a 
working hypothesis it was suggested that as the 
lipid concentration in the maternal blood stream 
increases, the placenta passes more of these sub- 
stances on to mnbilical blood from whence they 
are absorbed in increasing amounts by the fetus. 
This theory requires proof (a) that lipids are 
absorbed from umbilical blood by the fetus, and 
(b) that lipids are added to umbilical blood by 
the placenta. The placenta of the rabbit and rat 
has been shown in recent years to be “ perme- 
able” to lipids by Bickenbach and Rupp (14), 
Sinclair (15) and Chaikoff and Robinson (16). 
By analog}- the human placenta has been assumed 
to be “permeable” also. Direct proof of the 
permeability ” of the human placenta to lipids is 
lack-ing and it should be recalled that the structure 
of the human placenta differs from that of the rat 
and the rabbit. In fact Slemons and Standee (3) 
and many others as reUewed by Needham (2), 
i layer (4), Schlossmann (5), etc., believe that 
^he human placenta does not permit the passage 
of fats to the fetal circulation because they found 
that the lipid concentration of blood on the ma- 
ternal side of the placenta was always higher than 

^Faculty of Medicine, Queen’s University, Kingston, 
V'ntario, Canada, 


on the fetal side. We have repeated this experi- 
ment and obtained similar results but we are in- 
clined to agree with Needham (2) that it does not 
prove the human placenta to be “impermeable” 
to lipids. Hence we devdsed experiments of a 
different nature which could be applied with safet}- 
both to mother and child. 

It was derided that the first requisite was to 
determine whether or not the fetus was capable 
of absorbing lipids from umbilical blood. Obvi- 
ously if lipids were not taken up by the fetus as 
blood passed through it, then there was no need 
for the placenta to pass them on from the mater- 
nal blood stream. On the other hand if lipids 
were absorbed by the fetus from umbilical blood, 
then presumably the placenta must replem'sh the 
lost supply and such would be rirounstantial e^•i- 
dence in favor of the “ permeabilitj- ” of the hu- 
man placenta to lipids. When the term perme- 
ability is applied to lipids we do not mean simple 
diffusion as in the case of electrol}1:es. How the 
colloidal and insoluble lipid molecules pass 
through animal membranes is not understood but 
possibly it is through the intermediate formation 
of the semi-water soluble phospholipids. 

PART A. FAT ABSORPTIOK BY THE HUMAN FETUS 
AT BIETH 

The procedure developed consisted in obtaining 
samples of blood from the umbilical vein and an 
umbilical arterv- immediately after parturition and 
comparing the lipid composition of each. The 
umbilical vein (Figure 1) carries blood from the 
placenta to the fetus while the umbilical arteries 
return blood from the fetus to the placenta after 
it has passed through the embrv'o. By comparing 
the lipid content of blood entering the fetus by 
the umbilical van with the lipid content of blood 
leaving the fetus by the umbilical arteries, it may 
be found what lipids, if any, are added to or re- 
moved from the blood in its passage through the 
fetus. 
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This method was used as early as 1884 by 
Cohnstein and Zuntz (6) to investigate the physi- 
ology of the fetus. More recently it has been 
employed by Arstamianz (7), Blair-Bell et al. (8) 
and Naeslund (9). As far as the authors have 
been able to ascertain, no previous reports have 
appeared on the lipid composition of blood in both 
vessels. In 1913 Grigaut (10) reported in the 
course of a thesis that in three cases he found 11 
to 12 per cent more cholesterol in the vein than 
in the artery and this was confirmed in 1926 by 
Arstamianz (7). Of the other lipids, ester cho- 
lesterol, free cholesterol, phospholipids, neutral 
fats, etc., apparently nothing has been reported. 

All samples of blood were obtained from pa- 
tients in the delivery rooms of the Strong Me- 
morial Hospital. No attempt was made to select 
cases in regard to age, nationality, weight or par- 
ity; each patient was a normal, healthy woman 
at full term pregnancy and in labor. Since most 
obstetrical patients enter the maternity hospital in 
active labor, it was not possible to regulate the 
previous habitual diet of the patients nor to con- 
trol the length of time between delivery and when 
the last meal was taken. Labor lasts from 15 to 
24 hours and during this time most patients con- 
sume very little food so that the results may be 
considered approximately fasting values. To as- 
sure no harm to the health of the new born child, 
blood was not taken from the fetal end of the 
cord (umbilical artery) when the delivered infant 



Fig. 1. Diagram Representing the Exchange of^ 
Lipids between the Human Fetus and Placenta at 
the Time of Parturition. 


weighed under 3,000 grams and most of the in- 
fants were large, weighing between 3,500 and 
4 500 grams. It is important to remember for the 
interpretation of the data to be presented below 


that all the new born infants were large and well 
nourished. 

With the patient in the expulsive stage of la- 
bor, one of us “ scrubbed in ” on the delivery and 
was handed the child by the accoucher immediately 
after it had been removed from the uterus. The 
umbilical cord was clamped and cut ' immediately 
after delivery instead of waiting for the cord to 
stop pulsating in the orthodox manner. Cessa- 
tion of pulsation in the umbilical cord signified the 
contraction of the umbilical arteries and under 
such circumstances it was found difficult to obtain 
a sample of blood from these vessels. For the 
same reason the new born child was quickly trans- 
ferred to a heated crib and the cord stump (cut 
about 6 to 8 inches from the child) wrapped in 
warm towels. 

The clamp holding the cord stump was then 
released and the cut end of the cord searched for 
an umbilical artery which was readily recognized 
by the pulsating spurts of blood emitted from it. 
The remaining cross section of the cord was 
clamped, excluding the artery from which blood 
was allowed to pump into a flask containing a 
small amount of half saturated sodium citrate so- 
lution. Ten to 20 cc. of blood were so obtained 
in about 5 minutes. A sample of venous blood 
was then taken from the maternal end of the cord 
with the placenta still attached in utero. The 
latter sample was considered to represent the 
venous blood entering the fetus. The contrac- 
tion of the uterus was assumed to have little ef- 
fect upon the lipid content of venous blood, an 
assumption which was substantiated in part by 
the finding of similar results in a case of caesa- 
rean section in which the uterus was not con- 
tracted. It was later found that the lipid con- 
centration of venous blood slowly increases after 
the cord is clamped so that this sample was ob- 
tained as quickly as possible after delivery. The 
samples of whole blood from the artery and vein 
were then extracted and analysed for their lipid 
constituents using the Bloor oxidative micro- 
procedures as modified by Boyd (11)* 

RESULTS 

On each sample of blood the ten lipid values 
given by Boyd (11) were determined but for the 
sake of brevity and clarity only the essential val- 
ues will be reported in detail. In Tables I to IV 
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are listed the individual values respectively for 
phospholipid, free cholesterol, ester cholesterol 
and neutral fat. The remaining values (total 
lipid, total fatty acids, etc.) may be calculated 
from those given in the manner described by 
Boyd (11). 

Fetal blood is known to contain three groups of 
lipids, namely phospholipids, neutral or glycerol 
fats and cholesterol and its esters. Phospholipids 
may be regarded as esters of fatty' acids in com- 
bination with glycerol, a nitrogenous base or bases 
and phosphoric acid. The latter radicles impart 
to these substances the property’ of being partially’ 
soluble in water in which they form colloidal solu- 
tions. They also have a smaller molecular w’cight 
than most other lipids. For these reasons and 
from various experiments on fat absorption they 
are usually regarded as functioning in the trans- 
port of fatty acids. 

table I 


Comparison of the phospholipid content of whole blood 
from the umbilical vein and the umbilical artery 
at birth 


Unit 

Umbilical vein 
(blood going 
to fetus) 

Umbilical arterj* 
(blood coming 
from fetus) 

Phospholipid 
absorbed 
by fetus 


mgm. per 100 a. 

mgm. po' 100 cc. 

m^m. per 100 cc. 

16033 

300 

196 

104 

81576 

250 

223 

27 

75842 

223 

170 

S3 

80482 

219 

183 

36 

70067 

218 

196 

22 

46488 1 

213 

83 

130 

56521 

197 

142 

55 

59820-A 

192 ' 

83 

109 

59820-B 

190 

162 

28 

82597 

185 

163 

22 

53777 

182 

153 

29 

61916 

180 

170 

10 

80368 

175 

173 

2 

60631 

168 

140 

28 

85939 

162 

161 

1 


The phospholipid (Table I) content of venous 
blood going to the fetus was found to range from 
162 to 300 mgm. per cent with a mean value of 
204 mgm. per cent. Blood leaving the fetus by 
the umbilical artery contained a lower range of 
values, 83 to 223 mgm. per cent and an average 
of 160 mgm. per cent ; in each case the value in 
arterial blood was lower than in venous blood. 
If these values may’ be taken to represent the 
actual concentrations in blood entering and leav- 
ing the fetus then it may be calculated that the 


fetus absorbed from 1 to 130 mgm. of phospho- 
lipids from every 100 cc. of blood. The mean 
amount of phospholipids absorbed would be 44 
mgm. per 100 cc. or 22 per cent of the phospho- 
lipids in blood sent to the fetus by the placenta. 
Considered in this light the results indicate that 
the fetus absorbs large amounts of phospholipids 
from umbilical blood. 

TABIX n 


Comparison of the free cholesterol content of whole 
blood from the umbilical artery and umbilical 
vein at birth 


Unit 

number 

Umbilical 

vein 

(blood going 
to fetus) 

Umbilical 
artery 
(blood 
: coming 

from fetus) 

Free 

cholesterol 

absorbed 

1 by fetus 

i 

Free 

cholesterol 
given up 
by fetus 

61916 

mgm. per 
100 cc. 

88 

mgm. per 
100 cc. 

68 

mgm. Per 
100 cc. 

20 

mgm. per 
100 ce. 

0 

75842 

74 

67 

7 

0 

16033 

72 

71 

1 

0 

81576 

70 

65 

S 

0 

70067 

69 

68 

1 

0 

46488 

64 

39 

25 

0 

85939 

63 

53 

10 

0 

59820-A 

62 

39 

23 

0 

53777 

60 

75 

0 

15 

59820-B 

59 

51 

8 

0 

80482 

58 

55 

3 

0 

56521 

56 

37 ; 

19 

0 

80368 

56 

58 1 

0 

2 

82597 

00 

37 

18 

0 

60631 

51 

46 j 

5 

0 


Free cholesterol. Table II, exhibited changes 
similar to phospholipids. In all except two cases 
blood from the vein contained more free choles- 
terol than blood from the artery. In the former 
vessel the range was 51 to 88 mgm, per cent v,’hile 
in the latter it was 37 to 75 mgm. per cent giving 
an average of 64 mgm. per cent for the vein and 
55 for the artery. Thus the fetus may be con- 
sidered to have absorbed from 0 to 25 mgm. of 
free cholesterol per 100 cc. of blood, a mean ab- 
sorption of 9 mgm. or 14 per cent of the free 
cholesterol going to the fetus from the placenta. 
It may thus be concluded that the fetus also ab- 
sorbs free cholesterol though in appreciably 
smaller amounts than phospholipids. Cholesterol 
has the property’ of combining with fatty adds to 
produce cholesterol esters, substances which Bioor 
believes may* act as transporters of fatty adds. 
That part of the total cholesterol which is united 
idth fatty' adds is designated ester cholesterol. 
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TABLE III 

Comparison of the ester cholesterol content of whole 
blood from the umbilical vein and the umbilical 
artery at birth 


(11) and that it is more than doubled in value in 
plasma at the end of pregnancy (1). From the 
present results neutral fat may apparently be ei- 
ther absorbed or given up by the fetus. Its mean 


Unit 

number 

Umbilical 

vein 

(blood going 
to fetus) 

Umbilical 
artery 
(blood 
coming 
from fetus) 

Ester 
cholesterol 
absorbed 
by fetus 

Ester 
cholesterol 
given up 
by fetus 


mgm. per 

mgm. per 

mgm. per 

mgm. per 


100 cc. 

100 cc. 

100 cc. 

100 cc. 

56521 

49 

16 

33 

0 

80368 

34 

13 

21 

0 

70067 

28 

7 

21 

0 

46488 

26 

6 

20 

0 

82597 

19 

5 

14 

0 

53777 

15 

5 

10 

0 

59820-A 

10 

2 

8 

0 

75842 

6 

6 

0 

0 

16033 

4 

0 

4 

0 

80482 

4 

13 

0 

9 

81576 

1 

14 

0 

13 

61916 

0 

21 

0 

21 

85930 

0 

15 

0 

15 

60631 

0 

1 

0 

1 

59820-B 

0 

3 

0 

3 


Ester cholesterol, Table III, was found lower 
in the artery in 8 cases, lower in the vein in 6 
cases and in 1 case was the same in both vessels. 
There appeared to be no relation between these 
changes until they were tabulated as in Table III 
according to the height of ester cholesterol in 
venous blood. It then became obvious that the 
more ester cholesterol in venous blood going to 
the fetus the more absorbed by the fetus. When 
the concentration of ester cholesterol in the um- 
bilical vein fell below about 10 mgm. per cent then 
the fetus not only ceased to absorb this lipid but 
actually added some to the blood. This may con- 
ceivably represent an attempt on the part of the 
fetus to maintain a certain level of ester choles- 
terol in the blood. The results indicate that the 
fetus absorbs ester cholesterol providing there is 
more than a certain minimum concentration (10 


ngm. per cent) in the blood. 

Neutral fat. Table IV, behaved in a distinctly 
lifferent manner from the other three lipids. In 
j cases there was more neutral fat in the venous 
)lood and in 6 cases more in the arterial blood. 
\To reason for the variation could be found such 
differences in the concentration in venous 
ilood weight of fetus, etc. Ver}^ little is known 
lout the function of neutral fat in blood: Boyd 
.as shown that its concentration in blood is sub- 
ject to marked variation under normal conditions 


TABLE IV 


Comparison of the neutral fat content of whole blood 
from the umbilical vein and umbilical artery 
at birth 


Unit 

number 


81576 

16033 

82597 

85930 

61916 

80482 

59820-B 

60631 

53777 

80368 

75842 

59820-B 

70067 

46488 

56521 


Umbilical 
vein 
(blood 
going 
to fetus) 


mgm. per 
100 cc. 

195 

193 

186 

179 

172 

163 

122 

94 

94 

92 

88 

76 

66 

61 

31 


Umbilical 
artery 
(blood 
coming 
from fetus) 


mgm. per 
100 cc. 

263 

206 

196 

136 

64 

96 

104 

82 

138 

150 

83 

50 

58 

58 

57 


Neutral fat 
absorbed 
by fetus 


mgm. per 
100 cc. 

0 

0 

0 

43 

108 

67 

18 

12 

0 

0 

5 

26 

8 

3 


Neutral fat 
given up 
by fetus 


mgm. per 
100 cc. 

68 

13 

10 

0 

0 

0 

0 

0 

44 

58 

0 

0 

0 

0 

26 


values together with corresponding values for the 
other lipids have been given in Figure 1 ; the data 
given in this figure may be considered as a short 
summary of the results above. 

Of particular interest among the cases studied 
were those of Unit Number 59820-A and -B. 
These were double ovum twins of the same sex 
and weight. One might expect to find the same 
amount of lipids going to and coming from each. 
Yet this was not the case. Twin A absorbed 
more phospholipids, more free cholesterol, more 
ester cholesterol and more neutral fat than Twin 
B. There findings in conjunction with the wide 
range of values for each lipid as given in Tables 
I to IV indicate that there is considerable varia- 
tion from one fetus to another in respect to the 
absorption of lipids from umbilical blood. 

The composition of fatty acids in fetal blood 


I six cases iodine numbers were determined on 
fatty acids of umbilical vein plasma. 1 c 
es obtained for the iodine number of total 
acids were 60, 66, 72, 76, SS and 119 or a 
n of SO. The average iodine number of tota 
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fatty acids in the plasma of adult normal and 
pregnant women is about the same, namely 86 
(1). This indicates that the fatty acids of blood 
plasma are probably similar in composition in the 
fetus as in the adult. The iodine numbers of 
phospholipid fatty acids from the same plasma of 
fetal venous blood were found to be 53, 58, 96, 
94, 126 and 149 or an average of 96, somewhat 
lower than the corresponding value for adults, 120 
(1). The phospholipids of fetal blood therefore 
probably contain more saturated fatty acids than 
phospholipids of adult plasma. 

In tivo cases a sufficient amount of arterial 
blood was obtained to enable a comparison of 
iodine numbers in A-enous and arterial blood. In 
both cases the iodine number of phospholipid 
fatt}* acids was higher in arterial than venous 
blood, the values being respectively 176 to 149 
and 142 to 58. The results suggest that the fetus 
has a distinct preference for saturated fatty adds. 
Furthermore, the phospholipid fraction of arterial 
plasma gave no predpitation from ethereal solu- 
tion with alcohol whereas a marked cloudiness de- 
veloped in the solution of venous phospholipids. 
Since alcohol precipitates cephalin from ethereal 
solution and does not affect lecithin these prelim- 
inary tests suggest that the fetus has an avidity 
for cephalin in particular. Cephalin is foxmd in 
appreciable amounts in brain and nerve tissue. 

The results presented in Part A indicate clearly 
that whole blood collected from the umbilical vein 
immediately after delivery contains a greater con- 
centration of most lipids than blood collected from 
the umbilical artery of the infant also collected 
immediately after delivery. Phospholipids are 
markedly lower in value in arterial blood, free 
cholesterol somewffiat less so, ester cholesterol usu- 
ally lower but depending on the concentration in 
the vein and neutral fat varying one way or the 
other. When the pathway of the fetal circula- 
tion, as depicted in Figure 1, is taken into con- 
sideration it appears reasonable to interpret these 
results as signifying an absorption of the first 
three of these lipids by' the fetus from umbilical 
blood. The fact that all lipids were not reduced 
to the same relative extent in arterial blood indi- 
cates that the results are not due to a simple dilu- 
tion of venous blood in its passage through the 
fetus. Since the samples of blood were collected 


immediately after the cord had been cut it is prob- 
able that fat was absorbed by the fetus at the same 
rate as when the umbilical circulation was intact. 
We may therefore conclude that the human fetus 
at birth absorbs from umbilical blood phospho- 
lipids, free cholesterol and cholesterol esters and 
occasionally neutral fat also. 

By analysing the results more closely, it is pos- 
sible to arrive at an approximate idea of the 
amount of lipids being absorbed by the fetus per 
day'. It will be recalled that blood was taken 
from the umbilical artery wnthin 5 minutes of the 
time that the cord was clamped and cut. The fe- 
tus thus had 5 minutes in which to absorb lipids 
from its blood stream before all of the arterial 
sample of blood was secured. If we assume that 
no lipids ivere added to the blood by the fetus in 
this inten-al then we may calculate the total 
amount of lipids absorbed in 5 minutes, in an hour 
or in a day. The concentration of lipids in ar- 
terial blood subtracted from the concentration in 
the vein will thus roughly indicate-the amount of 
lipids absorbed from 100 cc. of blood in five min- 
utes. Multiplying this value by 2% will give the 
total amount of lipid absorbed from the entire 
fetal blood stream which is usually reckoned as 
250 cc. in the average infant. 

Applying these calculations to phospholipid val- 
ues it may be found that an average large well 
nourished human infant at delii-ery absorbs 44 
mgm. of phospholipids per 100 cc. of blood per 5 
minutes or approximately 30 grams per 250 cc. 
per 24 hours. Although this is only an approxi- 
mation it is probably fairly' correct : there are cer- 
tain factors which ■would lo'wer it and certain 
which would increase it. The important point is 
that it indicates that the human fetus at birth 
absorbs very' large quantities of this lipid; 30 
grams represents three times as' much phospho- 
lipid as the maternal blood stream contains at anv 
one time. In a similar manner it may be calcu- 
lated that free cholesterol is absorbed at the av- 
erage rate of 6 to 7 grams per day and cholesterol 
esters (ester cholesterol plus cholesterol ester fatty 
adds) at about the same rate. In all, 40 to 50 
grams of these lipids are absorbed from umbilical 
blood per day by the human fetus. Part of this 
fat is no doubt used as fuel in metabolism and 
part stored in the fat depots. 

As previously stated, it is probable that lipid 
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absorption by the fetus is similar just before the 
cord is cut to what it is just after. Before the 
cor4 is clamped and cut, blood travels in a closed 
circuit from the placenta to the fetus and back to 
the placenta. If the fetus removes lipids from 
this blood, then lipids must be added by the pla- 
centa to make up for the loss. The experimental 
data given may be taken to prove this fact. By 
referring to Figure 1 it may be seen that arterial 
blood may be regarded as blood entering the 
placenta and venous blood as blood leaving the 
placenta. Since venous blood has been shown to 
contain increased amounts of most lipids, it may 
be concluded that these substances are added to 
umbilical blood in its passage through the pla- 
centa. Additional evidence that the placenta ac- 
tually does add these lipids to umbilical blood will 
now be offered. 

PART B. THE ADDITION OF LIPIDS TO UMBILICAL 
BLOOD BY THE PLACENTA AT BIRTH 

When the human fetus is delivered, the umbili- 
cal cord is clamped and cut. For a period of 
from 10 to 30 minutes, the placenta remains at- 
tached to the uterine wall before separating and 
being expelled by the recurrence of uterine con- 
tractions. During most of this interval the pla- 
cental and maternal blood remain in the same 
relationship as in the latter part of pregnancy. 
Hence if lipids are added to the placental blood 
by the maternal blood stream, they will continue 
to do so until the placenta separates. The um- 
bilical cord being clamped, circulation of blood 
through the placenta and fetus has ceased and any 
lipids which are added to umbilical blood will not 
be removed by the fetus. As a result these lipids 
will accumulate in placental blood and raise the 
concentration of lipids there. Thus, if a sample 
of umbilical blood is obtained immediately after 
the child is delivered when the cord is cut and a 
second sample obtained 10 to 30 minutes later 
when the placenta separates from the uterine wall, 
there should be a greater concentration of lipids 
in the second sample than in the first providing 
the premise is correct that the placenta adds lipids 
to umbilical blood. 

Such a procedure was adopted. Twenty-five to 
50 cc. of blood (Sample 1) were taken from the 
umbilical vein immediately after the cord had been 
cut. The uterus was then palpated through the 


mother’s abdomen until the placenta was noted to 
separate from the uterine wall. Then the uterus 
was compressed and as much blood as possible— 
usually 50 to 75 cc. — collected from the umbilical 
vein in another flask (Sample 2). Each sample 
of blood was separately extracted and analysed 
for its lipid content. 

TABLE V 

V ariation in the phospholipid content of whole blood 
from the umbilical vein between the time of delivery 
and 10 to 30 minutes later at the time the placenta 
separates from the uterus 


Case 

number 

At delivery 

At placental 
separation 

Phospholipid 
added by 
placenta 

Phospholipid 
removed by 
placenta 


mgm. per 

mgm. per 

mgm. per 

mgm. Per 


100 cc. 

100 cc. 

100 cc. 

100 cc. 

1 

162 

192 

30 

0 

2 

165 

184 

19 

0 

3 

167 

197 

30 

0 

4 

168 

219 

41 

0 

5 

175 

204 

29 

0 

6 

182 

236 

52 

0 

7 

185 

201 

16 

0 

8 

190 

163 

0 

27 

9 

192 

253 

61 

0 

10 

197 

212 

15 

0 

11 

213 

226 

13 

0 

12 

218 

222 

4 

0 

13 

219 

225 

6 

0 

14 

223 

210 

0 

13 


Phospholipid, Table V, again exhibited the most 
consistent and extensive changes. In twelve out 
of fourteen cases. Sample 2 contained more phos- 
pholipids than Sample 1. At delivery the phos- 
pholipid concentration in whole blood from the 
umbilical vein varied between 162 and 223 mgm. 
per cent with a mean of 190 mgm. per cent. At 
the time of placental separation half an hour later, 
the range was 163 to 236 mgm. per cent with a 
mean of 210 mgm. per cent and an average addi- 
tion of 20 mgm. of phospholipid per 100 cc. of 
blood. Since, as will be shown, the other lipids 
were not increased at the same rate, the increase 
in phospholipid cannot have been due simply to 
the placenta removing water from the umbilical 
blood. It appears logical to conclude that these 
results indicate phospholipid is actually added to 
umbilical blood between the time of delivery and 
the time of placental separation, and it is probable 
that such an addition also occurs before deliver)’. 
That phospholipid is added to umbilical blood by 
the placenta explains how phospholipid is restored 
to umbilical blood when removed by the fetus. 
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table VI 

^ariait-on the free cholesterol content of 
from the umbilical vein belzvccn the time of delrjery 
and 10 to 30 minutes later at the time the pla- 
centa separates from the uterus 


LIPIDS IN THE UMBILICAL CIRCULATION 

results indicate that neutral fat may be ather 
added to or removed from umbilical blood by the 
placenta. The factor influencing the direction of 
the exchange was not found. 


Case 

number 

At 

delivery 

At placental c 
separation 


rngm. per 

rnffw. per 


100 cc. 

100 cc. 

1 

49 

57 

0 

SO 

66 

3 

51 

51 

4 

55 

67 

5 

56 

61 

6 

58 

72 

1 

59 

S3 

8 

60 

69 

9 

62 

78 

10 

63 

67 

11 

64 

65 

12 

66 

72 

13 

69 

66 

14 

74 

73 


pree 


placenta 


Free 
cholesterol 
removed by 
placenta 


rr.gm. per 

100 cc. 


8 

16 

0 

12 

15 
14 

0 

9 

16 
4 
1 
6 
0 
0 


mem. per 
100 cc. 

0 

0 

0 

0 

0 

0 

6 


TABLE VH 

Variation in the ester cholesterol content of whole blood 
from the umbilical vein between the time of delivery 
and 10 to 30 minutes later at the time the pla- 
centa separates from the uterus 


0 

0 

0 

0 

0 

3 

1 


Free cholesterol. Table VI, was also more con- 
centrated in Sample 2 in the majority of <^es. 
The average value for free cholesterol at deln ery 
was 60 mgm. per cent and at placental separation 
65 mgm. per cent. In 72 per cent of cases arn 
pie 2 contained more free cholesterol than ^ 

1, in 7 per cent there was no chanp and in 21 
per cent free cholesterol was lower in the secon 
sample of blood. Individual differences between 
the two samples were small as would be expecte 
The results may be interpreted as signifying that 
the human placenta adds free cholesterol to um 
bilical blood. 

Ester cholesterol. Table \r[I, behaved in a m^- 
ner similar to free cholesterol. The mean \ ue 
for ester cholesterol at delivery was 16 mgm. per 
cent and at placental separation 19 mgm. per cent. 
In 64 per cent of cases ester cholesterol was m 
creased in Sample 2, in 7 per cent unchanged an 
in 29 per cent decreased. It may therefore e 
concluded that cholesterol esters are often a e 
to umbilical blood by the placenta. 

Neutral fat. Table VIII, again exhibited 
marked variation. In 50 per cent of cases Sam- 
ple 2 contained more neutral fat than ^ample , 
in 43 per cent there was less and in / per emt 
both samples contained the same amount. e 
average value at birth was 108 mgm. per cent an 
at placental separation 88 mgm. per cent. The 


Case 

number 

At 

delivery” 

At placental 
separation 

Kster 
cholesterol 
added br 
placenta 

Ester 
cholesterol 
removed by 
placenta 


mzrr., per 
100 cc. 

TT.gm. per 
lOO cc. 

mtm. per 
100 cc. 

rr.Sjr,. per 

100 cc. 


0 

0 

0 

0 

2 

0 

19 

19 

0 

3 

0 

1 21 

21 I 

0 

4 

5 1 

1 ^ 

6 

15 

17 

11 

11 

0 

0 

6 

10 

1 

0 

9 


12 

15 

3 

0 

g 

15 

13 

0 

2 

9 

10 

18 

20 

21 

27 

3 

7 

0 

0 

11 

26 

30 

4 

0 

12 

28 

30 

2 

0 

13 

34 

32 

0 

1 ^ 

14 

49 

27 

0 

22 


TABLE vm 

Variation in the neutral fat content of whole blood from 
the umbilical vein between the time of delivery and 
10 to 30 minutes later at the time the placenta 
separates from the uterus 


Case 

number 

At delivery 

At 

places^ 

separation 

Xeutral fat 
added by 
placenta 

Nentral fat 
removed by 
placenta 



mgm. per 

rr.gm. per 

rr.gn. per 


100 cc. 

ICO cc. 

100 cc. 

100 cc. 

1 

31 

31 

0 

0 

2 

47 

d 

0 

. 43 

3 

1 <51 

36 

0 

25 

d 

66 

74 

8 

0 

5 

76 1 

0 1 

0 

76 

6 

88 

92 

4 

0 


92 

102 

10 

0 

8 

94 

23 

0 

71 

9 

94 

157 

63 

0 

10 

108 

100 

0 

8 

11 

122 

36 

0 

S6 

12 

163 

181 

18 

0 

13 

179 

195 

16 

0 

14 

186 

196 

10 

0 


The results of Part B demonstrate that blood 
from the umbilical vein at placental separation 
contains more phospholipids in practically 100 per 
cent of cases, more free cholesterol in about /5 
per cent of cases, more cholesterol esters in about 



12 


ELDON M. BOYD AND KARL M. WILSON 


absorption by the fetus is similar just before the 
cord is cut to what it is just after. Before the 
cor4 is clamped and cut, blood travels in a closed 
circuit from the placenta to the fetus and back to 
the placenta. If the fetus removes lipids from 
this blood, then lipids must be added by the pla- 
centa to make up for the loss. The experimental 
data given may be taken to prove this fact. By 
referring to Figure 1 it may be seen that arterial 
blood may be regarded as blood entering the 
placenta and venous blood as blood leaving the 
placenta. Since venous blood has been shown to 
contain increased amounts of most lipids, it may 
be concluded that these substances are added to 
umbilical blood in its passage through the pla- 
centa. Additional evidence that the placenta ac- 
tually does add these lipids to umbilical blood will 
now be offered. 

PART B. THE ADDITION OF LIPIDS TO UMBILICAL 
BLOOD BY THE PLACENTA AT BIRTH 

When the human fetus is delivered, the umbili- 
cal cord is clamped and cut. For a period of 
from 10 to 30 minutes, the placenta remains at- 
tached to the uterine wall before separating and 
being expelled by the recurrence of uterine con- 
tractions. During most of this interval the pla- 
cental and maternal blood remain in the same 
relationship as in the latter part of pregnancy. 
Hence if lipids are added to the placental blood 
by the maternal blood stream, they will continue 
to do so until the placenta separates. The um- 
bilical cord being clamped, circulation of blood 
through the placenta and fetus has ceased and any 
lipids which are added to umbilical blood will not 
be removed by the fetus. As a result these lipids 
will accumulate in placental blood and raise the 
concentration of lipids there. Thus, if a sample 
of umbilical blood is obtained immediately after 
the child is delivered when the cord is cut and a 
second sample obtained 10 to 30 minutes later 
when the placenta separates from the uterine wall, 
there should be a greater concentration of lipids 
in the second sample than in the first providing 
the premise is correct that the placenta adds lipids 
to umbilical blood. 

Such a procedure was adopted. Twenty-five to 
50 cc. of blood (Sample 1) were taken from the 
umbilical vein immediately after the cord had been 
cut The uterus was then palpated through the 


mother s abdomen until the placenta was noted to 
separate from the uterine wall. Then the uterus 
was compressed and as much blood as possible — 
usually 50 to 75 cc. — collected from the umbilical 
vein in another flask (Sample 2). Each sample 
of blood was separately extracted and analysed 
for its lipid content. 

TABLE V 

Variation in the phospholipid content of whole blood 
from the umbilical vein between the time of delivery 
and 10 to 30 minutes later at the time the placenta 
separates from the uterus 


Case 

number 

At delivery 

At placental 
separation 

Phospholipid 
added by 
placenta 

Phospholipid 
removed by 
placenta 


mgm. per 

mgm. per 

mgm. per 

mgm. per 


100 cc. 

100 cc. 

100 cc. 

100 cc. 

1 

162 

192 

30 

0 

2 

165 

184 

19 

0 

3 

167 

197 

30 

0 

4 

168 

219 

41 

0 

5 

175 

204 

29 

0 

6 

182 

236 

52 

0 

7 

185 

201 

16 

0 

8 

190 

163 

0 

27 

9 

192 

253 

61 

0 

10 

197 

212 

15 

0 

11 

213 

226 

13 

0 

12 

218 

222 

4 

0 

13 

219 

225 

6 

0 

14 

223 

210 

0 

13 


Phospholipid, Table V, again exhibited the most 
consistent and extensive changes. In twelve out 
of fourteen cases. Sample 2 contained more phos- 
pholipids than Sample 1. At delivery the phos- 
pholipid concentration in whole blood from the 
umbilical vein varied between 162 and 223 mgm. 
per cent with a mean of 190 mgm. per cent. At 
the time of placental separation half an hour later, 
the range was 163 to 236 mgm. per cent with a 
mean of 210 mgm. per cent and an average addi- 
tion of 20 mgm. of phospholipid per 100 cc. of 
blood. Since, as will be shown, the other lipids 
were not increased at the same rate, the increase 
in phospholipid cannot have been due simply to 
the placenta removing water from the umbilical 
blood. It appears logical to conclude that these 
results indicate phospholipid is actually added to 
umbilical blood between the time of delivery and 
the time of placental separation, and it is probable 
that such an addition also occurs before dcliverj'. 
That phospholipid is added to umbilical blood by 
the placenta explains how phospholipid is restored 
to umbilical blood when removed by the fetus. 
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TABLE VI 

Variation in the free cholesterol content of whole blood 
from the umbilical vein between the time of delivery 
and 10 to 30 minutes later at the time the pla- 
centa separates from the uterus 


Case 

enraber 

At 

delivery 

At placental 
separation 

Free 

cholesterol 
added by 
! placenta 

Free 

cholesterol 
! removed by 
placenta 

1 

mgm. i>cr 
100 cc. 

49 

mgm. ter 
100 u, 

57 

mgm. per 
100 cc. 

8 

mem. per 
100 u. 

0 

2 

50 

66 

16 

0 

3 

51 

51 

0 

0 

4 

55 

61 

12 

0 

5 

56 

61 

15 

0 

6 

58 

72 

14 

0 

7 

59 

53 

0 

6 

8 

60 

69 

9 

0 

9 

62 

78 

16 

0 

10 

63 

67 

4 

0 

11 

64 

65 

1 

0 

12 

66 

72 

6 

0 

13 

69 

66 

0 

3 

14 

74 

73 

0 

1 


Free cholesterol. Table VI, was also more con- 
centrated in Sample 2 in the majority of cases. 
The average value for free cholesterol at deliveiy 
was 60 mgm. per cent and at placental separation 
65 mgm. per cent. In 72 per cent of cases Sam- 
ple 2 contained more free cholesterol than Sample 
li in 7 per cent there was no change and in 21 
per cent free cholesterol was lower in the second 
s^ple of blood. Individual differences between 
t e two samples were small as would be expected, 
c results may be interpreted as signifying that 

! .f. placenta adds free cholesterol to um- 

bilical blood. 

Ester cholesterol. Table VII, behaved in a man- 
ner similar to free cholesterol. The mean value 
nr ester cholesterol at delivery was 16 mgm. per 
placental separation 19 mgm. per cent, 
cr 5 cases ester cholesterol was in- 

Sample 2, in 7 per cent unchanged and 
fr,n 1 j increased. It may therefore be 

tn '"'t.m- cholesterol esters are often added 

^0 umbilical blood by the placenta. 

Table VIII, again exhibited 
pjg 2 In 50 per cent of cases Sam- 

in 43 "’One neutral fat than Sample 1, 

1 )Q[U there was less and in 7 per cent 

sverav^^i^ same amount. The 

si ular^T 1 ^^ mgm. per cent and 

u separation 88 mgm. per cent. The 


results indicate that neutral fat may be either 
added to or removed from umbilical blood by the 
placenta. The factor influencing the direction of 
the exchange was not found. 

TABLE vn 

Variation in the ester cholesterol conte/ft of whole blood 
from the umbilical vein between the time of delivery 
and 10 to 30 minutes later at the time the pla- 
eenta separates from the uterus 


Case 

number 

At 

delivery 

1 At placental 
: separation 

Ester 
cholesterol 
[ added by 
placenta 

Ester 
cholesterol 
removed by 
placenta 


mgm. Per 

mgm. per 

mgrn. per 

mgm. per 


100 cc. 

100 u. 

100 cc. 

100 cc. 

1 

0 

0 

0 

0 

2 

0 

19 

19 

0 

3 

0 

21 

21 

0 

4 

X 

15 

11 

0 

5 

6 

17 

11 

0 

6 

10 

1 

0 

9 

7 

12 

15 

3 

0 

8 

15 

13 

0 

2 

9 

18 

21 

3 

0 

10 

20 

27 

7 

0 

11 

26 

30 

d. 

0 

12 

28 

30 

2 

0 

13 

34 

32 

0 

2 

14 

49 

27 

0 

22 


TABLE vrci 

Variation in the neutral fat content of whole blood from 
the umbilical vein between the time of delivery and 
10 to 30 minutes later at the time the placenta 
separates from the uterus 


Case 

number 

j At delivery 

At 

placental 

separation 

Xeutral fat 
added by 
placenta 

Neutral fat 
removed by 
placenta 


! mgm. per 

mgm. per 

mgm. per 

m.gm. per 


100 cc. 

100 cc. 

100 cc. 

100 cc. 

1 

31 

31 

0 

0 

2 

47 

4 

0 

43 

3 

61 

36 

0 

25 

4 

66 

74 

8 

0 

5 

76 

0 

0 

76 

6 

88 

92 

d. 

0 

7 

92 

102 

10 

0 

8 

94 

23 

0 

71 

9 

94 

157 

63 

0 

10 

108 1 

100 

0 

8 

11 

122 

36 

0 

86 

12 

163 

181 

18 

0 

13 

179 

195 

16 

0 

14 

186 

196 

10 

0 


The results of Part B demonstrate that blood 
from the umbiHcal vein at placental separation 
contains more phospholipids in practically 100 per 
cent of cases, more free cholesterol in about 75 
per cent of cases, more cholesterol esters in about 
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two thirds of the cases and more neutral fat in 
only one half the cases than at the time of deliv- 
ery. These results consistently agree with the 
findings in Part A. Phospholipids are of para- 
mount importance in the exchange of lipids be- 
tween the placenta and the fetus : they are added 
to umbilical blood by the placenta and absorbed 
by the fetus. Free cholesterol is also absorbed 
by the fetus but in smaller amounts ; and in only 
three quarters of the cases studied could the pla- 
centa be shown to add free cholesterol to umbilical 
blood. Ester cholesterol is absorbed by the fetus 
providing there is more than about 10 mgm. per 
cent in its blood ; when the concentration falls be- 
low 10 mgm. per cent the placenta adds large 
amounts but if the concentration is above 10 mgfm. 
per cent the placenta may either add or subtract a 
few mgm. Apparently both the placenta and the 
fetus take part in keeping the value of ester cho- 
lesterol in umbilical blood at about 10 mgm. per 
cent. Neutral fat may be either absorbed or 
given up both by the placenta and the fetus ; what 
factors govern the direction of the exchange are 
not apparent from the results to date. 

The role of the white blood cells 

In view of some of the older theories which 
ascribed to blood leukocytes an important func- 
tion in fat absorption from the intestine, it was 
decided to investigate the lipid content of these 
cells in the fetal circulation. The methods of 
separation and analysis used were those of Boyd 
( 12 ). 

In 11 cases sufficient blood was obtained from 
the umbilical vein to perform a complete analysis 
on the leukocytes and the results are given in Ta- 
ble IX. The outstanding difference between the 
lipid content of leukocytes in the fetal blood and 
those of adult blood as previously reported (12) 
is that the fetal white cells contain smaller 
amounts of all the various lipid constituents, ap- 
proximately one half the values in adults. The 
difference was less marked though still distinctly 
lower than the concentration of lipids in the leu- 
kocytes of pregnant women in whom the values 
are somewhat lower than in non-pregnant women 

(13). 

Differential leukocyte counts in fetal and infant 
blood have shown that there is a greater percent- 
a^re of lymphocytes in the young, as much as 50 


per cent of the total leukocytes. The low lipid 
content is possibly related to this greater propor- 
tion of lymphocytes. The blood leukocytes in a 
case of chronic lymphatic leukemia studied by one 
of us (E. M. B.) gave evidence of low lipid val- 
ues and the leukocytes were composed chiefly of 
lymphocytes. 

TABLE IX 


The lipid composition of the white blood cells in 
umbilical vein blood at birth 


Case 

num- 

ber 

Total 

lipid 

Composition of total lipid 

Neutral 

fat 

Total 

Cholesten 

Ester 

3l 

Free 

Phos- 

pholipid 


msm. Per 

mgm. per 

mgm. per 

mgm. per 

mgm. per 

mgm. per 


100 

100 

100 

100 

100 

100 


grams 

grams 

grams 

grams 

grams 

grams 

1 

1540 

660 

170 

0 

179 

710 

2 

1105 

394 

239 

0 

243 

472 

3 

932 

0 

431 

280 

151 

313 

4 

845 

158 

185 

63 

122 

460 

5 

793 

112 

156 

74 

82 

475 

6 

759 

0 

201 

9 

192 

552 

7 

719 

82 

170 

0 

172 

467 

8 

691 

0 

163 

48 

115 

496 

9 

691 

0 

196 

27 

169 

477 

10 

686 

0 

174 

0 

174 

512 

11 

566 

41 

174 

58 

116 

342 

Mean 

848 

132 

205 

51 

156 

480 


In only 4 cases was sufficient blood obtained 
from the umbilical artery to permit a lipid analysis 
of the white blood cells. All the values found 
were within the same range as the venous leuko- 
cytes. Comparing the lipid composition of the 
venous leukocytes to that of the arterial in the 
same infant, each lipid was found changed after 
passing through the fetus but in the 4 cases stud- 
ied no consistent variation for any lipid could be 
established. Nor was there any consistent differ- 
ence in the lipid values of the venous leukocytes 
between the time of delivery and the time of pla- 
cental separation. In fact neither by comparing 
individual differences nor general trends and 
means could any evidence be obtained that the 
blood leukocytes aided the transfer of lipids be- 
tween the placenta and the fetus. 

SUMMARY 

Evidence has been presented that certain lipids 
are added to umbilical blood by the placenta and 
removed or absorbed by the fetus. 

(1) Whole blood from the umbilical arterj' at 
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birth contained 22 per cent less phospholipids and 
14 per cent less free cholesterol than whole blood 
from the umbilical vein. Ester cholesterol was 
also lower in arterial blood but onl)' when venous 
blood contained over 10 mgm. per cent of this 
lipid. Neutral fat was lower in about half the 
cases and higher in the other half. The results 
were considered to signify that phospholipid and 
free cliolesterol are regularly absorbed b}' the hu- 
man fetus from umbilical blood at birth, ester cho- 
lesterol providing that there is sufficient (over 10 
mgm. per cent) to be absorbed while neutral fat 
may be either absorbed or given up. It was esti- 
mated that over 40 grams, 75 per cent of which is 
phospholipids, of these substances are absorbed in 
24 hours by an average large, well nourished hu- 
man fetus at birth. 

(2) Whole blood which lies in the placenta be- 
tween the time that the cord is clamped and the 
time that the placenta separates from the uterine 
'rail was found to acquire additional amounts of 
phospholipids in 12 out of 14 cases, free choles- 
terol in three quarters of the cases, ester cho- 
lesterol in two thirds of the cases and neutral fat 
in half the cases. It was concluded that the pla- 
centa-adds all of these substances to umbilical 
blood and may remove some of them, especially 
neutral fat. Phospholipids, free cholesterol and 
ester cholesterol therefore pass in general in one 
direction, namely from the placenta to the fetus, 
while neutral fat may pass in either direction. 

(3) The composition of fatty acids in plasma 
from the umbilical vein were found similar, in 
respect to their iodine number, to those of adult 
plasma except phospholipid fatty acids which are 
apparently more saturated in the fetal circulation. 
It is probable that the fetus absorbs the more sat- 
nrated phospholipid fatty adds and that it has 
nn espedal avidity for the cephalin fraction of the 
phospholipids. 

(4) The white blood cells of fetal blood con- 
tain about one half the lipid concentration of adult 
leukocytes which is probably due to the greater 
proportion of Ij'mphocj’tes in the blood of the fe- 


tus at birth. No evidence was obtained that they 
function in the transport of fat from the placenta 
to the fetus or vice versa. 
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Much work in this laboratory has been con- 
cerned with circulatory phenomena in normal 
young women. Certain studies have given evi- 
dence of the very considerable variations shown 
in adjustments of heart rate and arterial pressures 
to changes of posture. These have been inter- 
preted from the circulatory standpoint as, at one 
extreme, a picture of marked success and, at the 
other extreme, of marked failure in maintaining 
the erect posture. Since the controlled and ade- 
quate return of blood to the heart is a factor of 
major importance in such circulatory adjustments, 
measurements of venous pressures in hand and 
foot with the body in various positions seemed 
desirable especially when the erect posture is 
quietly maintained for a considerable period. The 
number of previous determinations bearing on 
this point is not large nor do the various observers 
altogether agree. Mention may be made of von 
Recklinghausen (1906), Hooker (1911), Barach 
and Marks (1913), and Carrier and Rehberg 
(1923). Eyster (1929, p. 33) referred to the 
work of Barach and Marks as authoritative. It 
seemed important, however, to study further in 
young women the varying circulatory success in 
postural adjustment. We were able to find only 
one subject with inferior power of adjustment 
available at this time, but since our basic results 
differ from those of others they are presented 
here. 

The choice of method was important. It was 
cleat that if determinations were to be repeated 
frequently during a period lasting often as long 
as two hours an indirect method was the only one 
possible. Also we have been skeptical about the 
use of the direct method of venous puncture for 
our group since the young college woman as we 
see her is far from phlegmatic. The possibility 
of changes in venous pressure due to alterations 
and fluctuations in muscular tension in a subject 
outwardly quiet seemed not improbable. Hooker 
(1911) called attention to the ease with which 
muscular activity alters venous relations. We also 


have found that even slight muscular movements 
markedly alter the readings, for example, in the 
leg veins of a standing subject under observa- 
tion by the indirect method. 

The indirect method chosen was that of Krogh, 
Turner, and Landis (1932). The preliminary 
tests described in that paper were considered suffi- 
cient to establish the validity of the method. A 
few variations in procedure will be noted below. 
The method chosen is as free as possible from 
causes which might lead to alterations of pressure 
other than those due to postural changes and one 
in which ease of observation is maximal. The 
whole procedure involves careful attention to de- 
tail since the function is so labile. All measure- 
ments were made between November, 1932, and 
April, 1933. The subjects were healthy college 
students between the ages of 18 and 22 years. 
Each experiment required about two hours and 
all disturbing factors such as lack of sleep, minor 
infections, serious causes of worry, and especially 
interruptions to the routine of the experiment 
were avoided. The room temperature was main- 
tained between 21° and 23° C., a temperature 
comfortable for the subject in her relaxed condi- 
tion, also warm enough to favor easy observation 
of the skin veins. The aim was to secure a con- 
stant and normal flow of blood in the veins 
chosen. Preliminary work had shown that the 
uncovered hands and feet of a motionless subject 
tend to become cool even in a warm room, the 
amount of blood in the veins becomes markedly 
reduced and visualization of the flow becomes im- 
possible just when accurate observation is essen- 
tial. Washing the hands and feet in warm water 
before beginning the experiment and covering 
them with soft cotton pads except during the 
actual time of observation kept them constantly 
Avarm even though motionless and thus facilitated 
observ^ation of the veins. Cross lighting was 
found best. A loose woolen bathrobe was the 
only clothing Avom by the subject during the ex- 
periment, a procedure adopted to av’oid all ex- 
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ternal pressure upon the venous route between the 
point of observation and the heart. 

A t 3 'pical experiment was conducted as follows. 
A celluloid capsule was cemented by collodion 
over a prominent vein on the back of the hand. 
A dr}'ing time of ten minutes was sufficient. It 
is necessarj' that the vein chosen for obser\'ation 
lie over a bone to insure firm support, other\vise 
the external counterpressure applied in the deter- 
mination is partially dissipated in the soft tissues 
which leads to inaccurate readings. In the first 
series of obserr-ations the subject was in a hori- 
zontal position on a tilting table. The vein was 
brought approximately to the level of the right 
auricle and the hand was then carefullj' supported 
to insure steadiness. Pressure on the vein bj’' the 
capsule itself was avoided by cutting notches in 
its celluloid margin to fit the special conformation 
of the vein diosen. A water manometer indi- 
cated the degree of pressure which was applied 
by a thick-walled rubber bulb controlled by a 
screw damp. With a certain amount of pressure 
the vein T,vas seen to collapse, indicating that the 
external pressure had become about high enough 
to Overcome the internal pressure. Careful ob- 
semtion, however, showed that after this col- 
lapse a thin thread of blue was still discernible. 
A further increase of pressure w'as found to stop 
this slender stream in the mid-region of the field 
under obseiv'ation. This interruption could be 
made to come and go bj' slightly changing the 
pressure through about 0.5-1 .0 cm. water bj' mov- 
mg the compressing screw or more readily by 
pinching the tube. The pressure not at the mo- 
ment of collapse but at the point of definite inter- 
njption to the flow’ was taken as the true venous 
pressure. Several determinations were made, 
separated by a half minute or more. The period 
of collapse required for each observation was very 
short, not more than a few seconds for a trained 
obsen’er. 

While the subject w’as in a reclining position 
or the application of the capsule on the hand, 
another capsule was put over a vein in the foot, 
^^th the same precaution to secure a bony support. 
''■0 or three coats of collodion were found neces- 
to fasten this capsule firmly to the sldn, be- 
Quse of the high pressure needed to collapse the 
oot veins when the subject was tilted to the erect 
position. A mercurj’ manometer was substituted 


for the water t>-pe employed for hand pressures ,* 
otherwise the apparatus for the veins of hand and 
foot was the same. 

Determinations w'ere made on the veins of both 
hand and foot at heart level w’ith the subject in a 
horizontal position. This was always more than 
a half hour after the subject first reclined. 

The subject was then tilted on the board to an 
angle of 45°, equivalent to a semi-erect position, 
with the hand kept at heart level, and after a pe- 
riod of fifteen minutes for circulatory- adjustment 
to the new position a series of pressures in the 
veins of both hand and foot was recorded. The 
use of the tilting table avoided all muscular effort 
in changing position. 

For a third series of observations the subject 
was tilted to an almost erect position, an angle of 
75°. This angle has been found to be the steep- 
est at which the subject remains passive and feels 
well supported by the tilting table. If a more 
erect position is taken the subject begins to feel 
that her support comes from her own feet, not 
from the table at her back, and her state is less 
steady and relaxed. In the 75° position the col- 
umn of blood in the veins is influenced by gra\-ity 
nearly as much as in standing, yet, as shown by 
metabolism experiments, Newton (1929), the 
muscular exertion necessary to maintain the erect 
position is almost entirelj’ eliminated. The in- 
crease in oxygen consumpb'on for this tilted posi- 
tion averaged only 5.6 per cent above that for 
reclining as against an increase of 18.5 per cent 
for quiet standing. Pressures in the veins ' of 
hand and foot were determined again after a fif- 
teen minute period allowed for adjustment. 

An important part of the apparatus used on the 
veins of the foot in the tilted positions was the 
calibrated counterweighting clamp devised by 
Krogh, Turner, and Landis. The use of this 
weight is not necessary' on veins of hand or foot 
at heart level, but at levels considerably below 
that of the heart the higher pressures then re- 
quired within the capsule induce cupping of the 
skin and hence faulty readings unless the counter- 
weighting clamp is applied with sufficient force to 
keep the skin free from deformation. Tire cali- 
bration previously described was found less reli- 
able for determining the necessary- pressure on the 
clamp than a preliminary observation of the de- 
gree of counterweighting required. Sinn defer- 
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Much work in this laboratory has been con- 
cerned with circulatory phenomena in normal 
young women. Certain studies have given evi- 
dence of the very considerable variations shown 
in adjustments of heart rate and arterial pressures 
to changes of posture. These have been inter- 
preted from the circulatory standpoint as, at one 
extreme, a picture of marked success and, at the 
other extreme, of marked failure in maintaining 
the erect posture. Since the controlled and ade- 
quate return of blood to the heart is a factor of 
major importance in such circulatory adjustments, 
measurements of venous pressures in hand and 
foot with the body in various positions seemed 
desirable especially when the erect posture is 
quietly maintained for a considerable period. The 
number of previous determinations bearing on 
this point is not large nor do the various observers 
altogether agree. Mention may be made of von 
Recklinghausen (1906), Hooker (1911), Barach 
and Marks (1913), and Carrier and Rehberg 
(1923). Eyster (1929, p. 33) referred to the 
work of Barach and Marks as authoritative. It 
seemed important, however, to study further in 
young women the varying circulatory success in 
postural adjustment. We were able to find only 
one subject with inferior power of adjustment 
available at this time, but since our basic results 
differ from those of others they are presented 
here. 

The choice of method was important. It was 
clear that if determinations were to be repeated 
frequently during a period lasting often as long 
as two hours an indirect method was the only one 
possible. Also we have been skeptical about the 
use of the direct method of venous puncture for 
our group since the young college woman as we 
see her is far from phlegmatic. The possibility 
of changes in venous pressure due to alterations 
and fluctuations in muscular tension in a subject 
outwardly quiet seemed not improbable. Hooker 
(1911) called attention to the ease with which 
muscular activity alters venous relations. We also 


have found that even slight muscular movements 
markedly alter the readings, for example, in the 
leg veins of a standing subject under observa- 
tion by the indirect method. 

The indirect method chosen was that of Krogh, 
Turner, and Landis (1932). The preliminary 
tests described in that paper were considered suffi- 
cient to establish the validity of the method. A 
few variations in procedure will be noted below. 
The method chosen is as free as possible from 
causes which might lead to alterations of pressure 
other than those due to postural changes and one 
in which ease of observation is maximal. The 
whole procedure involves careful attention to de- 
tail since the function is so labile. All measure- 
ments were made between November, 1932, and 
April, 1933. The subjects were healthy college 
students between the ages of IS and 22 years. 
Each experiment required about two hours and 
all disturbing factors such as lack of sleep, minor 
infections, serious causes of worry, and especially 
interruptions to the routine of the experiment 
were avoided. The room temperature was main- 
tained between 21° and 23° C., a temperature 
comfortable for the subject in her relaxed condi- 
tion, also warm enough to favor easy observation 
of the skin veins. The aim was to secure a con- 
stant and normal flow of blood in the veins 
chosen. Preliminary work had shown that the 
uncovered hands and feet of a motionless subject 
tend to become cool even in a warm room, the 
amount of blood in the veins becomes markedly 
reduced and visualization of the flow becomes im- 
possible just when accurate observation is essen- 
tial. Washing the hands and feet in warm water 
before beginning the experiment and covering 
them with soft cotton pads except during the 
actual time of observation kept them constantly 
warm even though motionless and thus facilitated 
observation of the veins. Cross lighting uas 
found best. A loose woolen bathrobe was the 
only clothing worn by the subject during the ex- 
periment, a procedure adopted to avoid all ex- 
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ternal pressure upon the venous route between the 
point of observation and the heart. 

A t}-pical e.vperiment was conducted as follows, 
A celluloid capsule was cemented by collodion 
over a prominent vein on the back of the hand. 
A diying time of ten minutes was sufficient. It 
is necessary' that the vein chosen for obser^’atio^ 
lie over a bone to insure firm support, otherwise 
the external counterpressure applied in the deter- 
mination is partially dissipated in the soft tissues 
which leads to inaccurate readings. In the first 
series of obseiwations the subject was in a hori- 
zontal position on a tilting table. The vein was 
brought approximately' to the level of the right 
auricle and the hand rvas then carefully supported 
to insure steadiness. Pressure on the vein by the 
capsule itself was avoided by cutting notches in 
its celluloid margin to fit the special conformation 
of the vein chosen. A water manometer indi- 
cated the degree of pressure which was applied 
by a thick-walled rubber bulb controlled by a 
screw clamp. With a certain amount of pressure 
the vein was seen to collapse, indicating that the 
external pressure had become about high enough 
to overcome the internal pressure. Chreful ob- 
servation, how'ever, showed that after this col- 
lapse a thin thread of blue was still discernible. 
A further increase of pressure was found to stop 
this slender stream in the mid-region of the field 
under observ'ation. This interruption could be 
made to come and go by slightly changing the 
pressure through about 0.5— 1.0 cm. water by mov- 
ing the compressing screw or more readily by 
pinching the tube. The pressure not at the mo- 
ment of collapse but at the point of definite inter- 
ruption to the flow' w'as taken as the true %'enous 
pressure. Several determinations were made, 
separated by a half minute or more. The period 
of collapse required for each observation was very 
short, not more than a few seconds for a trained 
obsen-er. 

While the subject was in a reclining position 
for the application of the capsule on the hand, 
another capsule was put over a vein in the foot, 
^nth the same precaution to secure a bony support, 
iivo or three coats of collodion were found neces- 
sary to fasten this capsule finniy to the skin, be- 
^use of the high pressure needed to collapse the 
oot veins when the subject was tilted to the erect 
position. A mercuiy manometer was substituted 


for the w'ater ty-pe employed for hand pressures ; 
otherwise the apparatus for the veins of hand and 
foot was the same. 

Determinations were made on the veins of both 
hand and foot at heart level with the subject in a 
horizontal position. This was always more than 
a half hour after the subject first reclined. 

The subject was then tilted on the board to an 
angle of 45°, equivalent to a serai-erect position, 
w'ith the hand kept at heart Ie%'el, and after a pe- 
riod of fifteen minutes for drculatory' adjustment 
to the new position a series of pressures in the 
veins of both hand and foot was recorded. The 
use of the tilting table avoided all muscular effort 
in changing position. 

For a third series of observations the subject 
W'as tilted to an almost erect position, an angle of 
75°. This angle has been found to be the steep- 
est at which the subject remains passive and feels 
w'ell supported by the tilting table. If a more 
erect position is taken the subject begins to feel 
that her support comes from her own feet, not 
from the table at her back, and her state is less 
steady and relaxed. In the 75° position the col- 
umn of blood in the veins is influenced by gravity 
nearly as much as in standing, yet, as shown by 
metabolism experiments, Newton (1929), the 
muscular exertion necessary to maintain the erect 
position is almost entirely eliminated. The in- 
crease in oxygen consumption for this tilted posi- 
tion averaged only 5.6 per cent above that for 
reclining as against an increase of 18.5 per cent 
for quiet standing. Pressures in the veins 'of 
hand and foot were determined again after a fif- 
teen minute period allowed for adjustment. 

An important part of the apparatus used on the 
veins of the foot in the tilted positions was the 
calibrated counterweighting damp dedsed by 
Krogh, Turner, and Landis. The use of thfs 
weight is not necessary on veins of hand or foot 
at heart level, but at levels considerably below 
that of the heart the higher pressures then re- 
quired within the capsule induce cupping of the 
skin and hence faulty* readings unless the counter- 
weighting clamp is applied with sufficient force to 
keep the skin free from deformation. The cali- 
bration preriously described was found less rdi- 
able for determining the necessary' pressure on the 
damp than a preliminary observation of the de- 
gree of countenveighting required. Skin defor- 
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mation varies with the elasticity and tightness of 
the skin in different subjects and in different posi- 
tions on the foot. It is also obvious that where 
venous pressures are high and. the veins distended 
the notches in the rim of the capsule must be cut 
deep enough to avoid any lowering of the meas- 
urement due to cutting off a portion of the venous 
pressure by the rim of the capsule, especially when 
counterweighted. It is suggested that certain of 
the widely varying results obtained by those using 
the capsule method may be due to the intrinsic 
difficulties of applying an unnotched capsule. 

The observations were recorded in the usual 
type of protocol. The data were then treated as 
in Table I, which gives two typical experiments 
for Subject G. Foot pressures originally taken 

TABLE r 

Venotis pressures observed in iivo experiments on Stib- 
ject G. To show changes in pressure with tilting to 45° 
and 75°. Hand vein kept at heart level. Hydrostatic 
factor shows vertical distance between right auricle and 
foot vein. Experiments indicate degree of uniformity 
obtained in readings. 


Vein 

Hori- 

45“ 

75“ 

Hydrostatic 

used 

zontal 

angle 

angle 

factor 


cm. 

cm. ffiO 

cm. ffsO 

cm. HjO 


Experiment I, January 21, 11:00 a.m. 


Hand vein 

! 

7.4 

6.8 

7.0 

6.8 

7.5 

7.2 

7.2 

6.8 

6.7 

6.5 


Foot vein 

10.1 

81.0 

110,7 

80.5 (45°) 


10.5 

1 83.7 

1 113.4 

1 110.0 (75°) 


10.1 

86.4 

' 114,7 



1 

1 

114.7 



Experiment II, February 23, 11:00 a.m. 


Hand vein 

7.0 

6.5 

7.0 

6.0 

7.5 

7.0 

6.8 

7.2 

7.2 


Foot vein 

10.1 

85.0 

112.0 

80.5 (45°) 

10.5 

11.0 

1 

83.7 

87.7 

t 

114.7 

118.8 
1IS.8 

110.0 (75°) 

1 

i 


in mm. Hg are converted into cm. water for con- 
venience of comparison. The table includes, in 
the column headed, “ Hydrostatic- factor," the fig- 
ures for the influence of grarity on the circulation 
in the tilted positions, obtained by measuring the 


distance in cm. between the foot vein and the level 
of the right auricle. Similar data for Subject A 
are shown graphically in Figure 1 where the ordi- 



Ordinates, venous pressures in cm. water. Abscissae, 
time in minutes beginning with the first determination. 
Preliminary rest period of about 40 minutes not included. 

Two experiments are shown. One, the effect of tilt- 
ing on pressures in veins of hand and foot, shown by 
open circles and crosses respectively. The other, the 
effect of a small pillow under the shoulder on pressure 
in veins of hand at heart level. Results identical in hori- 
zontal position, shown by open circles. For tilted posi- 
tions: open circles, with pillow; solid dots, without pil- 
low. 


nates represent centimeters of water, the abscissae 
time in minutes. The circles show observations 
on the vein of the hand, the crosses those on the 
vein of the foot. The hydrostatic factors are 
shown for the tilted positions by horizontal lines. 

These tables and graphs, which are very similar 
for the seven subjects, demonstrate that the ve- 
nous pressure in the large superficial veins of the 
hands was quite constant in a given subject during 
the experimental period and with varying posture. 
This constancy was noted in each of the fourteen 
experiments chosen as entirely above reproach. 
Sixteen completed experiments were omitted be- 
cause of the obvious effect of slight interruptions, 
delays due to technical difficulties and the like. 
This constancy of venous pressure in the hand 
with variations in posture does not support the 
results of Barach and Marks (1913) who studied 
arterial and venous pressure in twenty-six human 
subjects placed in erect and horizontal positions 




JOSEPHINE M. MCINTIPJE AND AEBY H. TIJENER 


19 


on a tilting table. They reported a rise of venous 
pressure in a vein of the arm when their subjects 
assumed the erect position, amounting in some 
cases to as much as 18 cm. water. In connection 
with their results it is significant that in a series 
of experiments preliminary to those we have de- 
scribed we also observed an increase of venous 
pressure when the subject was tilted from hori- 
zontal to a 45° angle and a further increase on tilt- 
ing to 75°. With the insertion, however, of a 
small pillow under the shoulder, a manoeuver first 
adopted for the comfort of the subject, this in- 
crease completely disappeared. This increase ob- 
sen-ed by others, and also at first by ourselves, 
may arise from the fact that as the subject lying 
on a flat table is tilted to more erect positions, the 
line of the clavicle may be altered by the down- 
ward pull of the weight of the arm thus lessening 


TABLE n 

P'etious pressures observed in iwo experiments on Sub- 
ject C. iTo show change induced by pladng a small pil- 
Imv under shoulder. 


Condition 

Horizontal 

4S* angle 

75‘ angle 


cm. BtO 

em.B;0 

cm. ffiO 


Experiment I 


Hand vein 

7.0 

6.5 

5.0 

'vith pillow 

6.3 

7.2 

7.0 

Under shoulder 

6.2 

7.0 

6.5 

Hand vein 

7.0 

10.0 

18.2 

■"■ithout pillo'w 

6.8 

9.2 

18.7 

Under shoulder 

6.5 

11.5 

19.0 



6.5 

12.0 

19.2 


Experiment II 


Hand vein 
^'ith pillow 
under shoulder 

6.9 

6.5 

6.8 

1 

7.0 

6.8 

6.8 

6.9 

7.0 

7.0 

6.2 

Hand vein 

7.2 

10.5 

18.5 

without pillow 

7.0 

10.7 

18.6 

under shoulder 

6.6 

10.7 

18.8 

■ 

6.5 


18.8 


space through which the subclavian vein 
passes between clawcle and first rib. Such a 
compression of the vein might result in the mis- 
cading increase in venous pressure observed in 
^hc hand. All experiments were carried on with 
^ small pillow under the shoulder except when 


this phenomenon was being studied. Table II 
shows in rivo experiments for Subject C the char- 
acteristic results for pressures in the vein of the 
hand, w’ith and without the pillow. Similar re- 
sults are also included in Figure 1 by the black 
dots for results without the pillov/ in the tilted 
positions. The results for the horizontal position 
are approximately the same wdth and w'ithout the 
pillow, therefore the small circles satisfy both 
conditions. 

In all experiments in the horizontal position the 
pressure in the vein of the foot was higher than in 
the L'ein of the hand though both vzere at the lev’el 
of the heart. The veins of the foot are farther 
from the heart. Previous work in this labora- 
torj', unpublished, has shown the arterial pressure 
in the leg to be somewhat higher than that in the 
arm at heart level ; therefore it is not improbable 
that this higher pressure at the greater distance 
is required to maintain the gradient of the circu- 
lation. 

Determinations on veins of the foot were con- 
sistent in showing a progressive rise in pressme 
when the subject was tilted to 45° and further to 
75°. In each position the pressure W'as practi- 
cally constant in a given individual after the ini- 
tial period of fifteen minutes for adjustment. In 
everj' subject the venous pressure was somewhat 
higher than the hydrostatic counter pressure cal- 
culated from the difference of lev'ds betv/een the 
vein obsen.-ed and the heart. If the blood is to 
return steadily to the heart in a quiet subject, it 
is obvious that the venous pressure must at least 
equal the hydrostatic factor imless the return is 
dependent upon respiratory or other aids. In 
Subject A, for example, at an angle of 45° the 
hydrostatic factor was approjumately 70.7 cm. 
water; the average of three determinations of 
venous pressure in the vein of the foot was 79.5 
cm. When tilted to 75° the hydrostatic factor 
was 96.5 cm., the average venous pressure was 
111.5 cm. The effect of posture was thus pro- 
nounced, and in both tilted positions ■venous pres- 
sure was ample to effect the return of blood to 
the heart. Such successful adjustments were ob- 
served in each of the two experiments on all seven 
subjects. 

These results do not agree %vith those pre- 
•viously reported by von Reddinghausen (1906), 
bj" Hooher (1911), and by Carrier and Rehbcrg 
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mation varies with the elasticity and tightness of 
the skin in different subjects and in different posi- 
tions on the foot. It is also obvious that where 
venous pressures are high and. the veins distended 
the notches in the rim of the capsule must be cut 
deep enough to avoid any lowering of the meas- 
urement due to cutting off a portion of the venous 
pressure by the rim of the capsule, especially when 
counterweighted. It is suggested that certain of 
the widely varying results obtained by those using 
the capsule method may be due to the intrinsic 
difficulties of applying an unnotched capsule. 

The observations were recorded in the usual 
type of protocol. The data were then treated as 
in Table I, which gives two typical experiments 
for Subject G. Foot pressures originally taken 

TABIj; I 

Venous pressures observed in two experiments on Sub- 
ject G. To show changes in pressure with tilting to 45° 
and 75°. Hand vein kept at heart level. Hydrostatic 
factor shows vertical distance between right auricle and 
foot vein. Experiments indicate degree of uniformity- 
obtained in readings. 


Vein 

Hori- 

45'- 

75° 

Hydrostatic 

used 

zontal 

angle 

angle 

factor 

1 

cm. HtO j 

cm. HtO 

cm. HtO 

cm. HtO 


Experiment I, January 21, 11:00 a.m. 


Hand vein 

i 

7.4 

6.8 1 
7.0 

6.8 

7.5 1 
7.2 

7.2 

6.8 

6.7 

6.5 


Foot vein 

10.1 

81.0 

110.7 

80.5 (45°) 


10.5 

83.7 

113.4 

110.0 (75°) 


10.1 

86.4 

114.7 





t 114.7 

I 


Experiment II, February 23, 11:00 a.m. 


Hand vein 

7.0 

6.0 

6.8 


6.5 

7.5 

7.2 



7.0 

7.0 

7.2 


Foot vein 

10.1 

10.5 

85.0 

83.7 

112.0 

114.7 

80.5 (45°) 

1 110.0 (75°) 


11.0 

87.7 

118.8 

t 


1 

i 


118.8 



in mm. Hg are converted into cm. water for con- 
venience of comparison. The table includes, in 
the column headed, " Hydrostatic factor,” the fig- 
ures for the influence of grawty on the circulation 
in the tilted positions, obtained by measuring the 


distance in cm. between the foot vein and the level 
of the right auricle. Similar data for Subject A 
are shown graphically in Figure 1 where the ordi- 
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Fig. 1. Venous 

Pressures Observed in Subject A, 


Ordinates, venous pressures in cm. water. Abscissae, 
time in minutes beginning with the first determination. 
Preliminary rest period of about 40 minutes not included. 

Two experiments are shown. One, the effect of tilt- 
ing on pressures in veins of hand and foot, shown by 
open circles and crosses respectively. The other, the 
effect of a small pillow under the shoulder on pressure 
in veins of hand at heart level. Results identical in hori- 
zontal position, shown by open circles. For tilted posi- 
tions; open circles, with pillow; solid dots, without pil- 
low. 

nates represent centimeters of water, the abscissae 
time in minutes. The circles show observations 
on the vein of the hand, the crosses those on the 
vein of the foot. The hydrostatic factors are 
shown for the tilted positions by horizontal lines. 

These tables and graphs, which are very similar 
for the seven subjects, demonstrate that the ve- 
nous pressure in the large superficial veins of the 
hands was quite constant in a given subject during 
the experimental period and with varying posture. 
This constancy was noted in each of the fourteen 
experiments chosen as entirely above reproach- 
Sixteen completed experiments were omitted be- 
cause of the obvious effect of slight interruptions, 
delays due to technical difficulties and the like. 
This constancy of venous pressure in the hand 
with variations in posture does not support the 
results of Barach and Marks (1913) who studied 
arterial and venous pressure in twenty-six human 
subjects placed in erect and horizontal positions 
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on a tilting table. They reported a rise of venous 
pressure in a vein of the arm when their subjects 
assumed the erect position, amounting in some 
cases to as mudi as IS cm. water. In connection 
with their results it is significant that in a series 
of experiments preliminary to those we have de- 
scribed we also observed an increase of venous 
pressure when the subject was tilted from hori- 
zontal to a 45° angle and a further increase on tilt- 
ing to 75°. With the insertion, however, of a 
small pillow under the shoulder, a manoeuver first 
adopted for the comfort of the subject, this in- 
crease completely disappeared. This increase ob- 
sen'ed bj' others, and also at first by ourselves, 
may arise from the fact that as the subject Ijdng 
on a flat table is tilted to more erect positions, the 
line of the davide may be altered by the dowm- 
vard pull of the weight of the arm thus lessem’ng 

TABIX n 

V enoiis pressures observed in Izvo experiments on Sub- 
net C. iTo show change induced by placing a small pil- 
low under shoulder. 


Condiuon 

Homontal 

•4S* angle 

"S* angle 


an, H*0 

cm. 

cm, BtO 


Experiment I 


Hand vein 
wth pillow 
under shoulder 

7.0 

6.3 

6,2 

6 .S 

7.2 

7.0 

5.0 

7.0 

6.5 

Hand vein 

7.0 

lO.O 

18.2 

without pillow 

6.8 

9.2 

18.7 

i^der shoulder 

6.5 

11.5 

19.0 



6.5 

12.0 

19.2 


Experiment II 


Hand vein 
pillow 

’Under shoulder 

6.9 

6.5 

6.8 

7.0 

6.8 

6.8 

6.9 

7.0 

7.0 

6.2 

Hand vein j 

7.2 

10.5 

18.5 

without pillow i 

7.0 

10.7 

18.6 

under shoulder 

6.6 

10.7 

18.8 

- 

6.5 


18.8 


die space through which the subclavian vein 
passes between davide and first rib. Such a 
compression of the vein might result in the mis- 
^ding increase in venous pressure observed in 
t m hand. All experiments were carried on with 
a small pillow under the shoulder except when 


this phenomenon was being studied. Table II 
shows in two experiments for Subject C the char- 
acteristic results for pressures in the vein of the 
hand, with and wthout the pillow. Similar re- 
sults are also induded in Figure 1 by the black 
dots for results without the pillow in the tilted 
positions. The results for the horizontal position 
are approximately the same with and without the 
pillow, therefore the small drdes satisfy both 
conditions. 

In all experiments in the horizontal position the 
pressure in the vein of the foot was higher than in 
the vein of the hand though both were at the level 
of the heart. The veins of the foot are farther 
from the heart Prerious work in this labora- 
torj', unpublished, has shown the arterial pressure 
in the leg to be somewhat higher than that in the 
arm at heart level; therefore it is not improbable 
that this higher pressure at the greater distance 
is required to maintain the gradient of the dreu- 
lation. 


V,., v>.u« UL uic loot were con- 
sistent in showing a progressive rise in pressure 
when the subject was tilted to 45° and further to 
75°. In each position the pressure was practi- 
cally constant in a given indiridual after the ini 
tial period of fifteen minutes for adjustment In 
eyep- subject the venous pressure was somewhat 
higher than the hydrostatic counter pressure cal^ 
culated from fc difference of lends betn-een fc 
vein observed and the heart. If fte • “ 
retim steadily to the heart in a qmet snbiett ft 
IS ol>™«s that the venous pressure mi^t i 
equal the hydrostatic factor unlas the ret,,,? 
depentat upon respimtoiy or ofc 
Subject A, for e.va«,ple. at an anrfe o?» rt 
hytostahe factor was approaimftely 70 7 ^ 
water; the average of three detemi- ^ 
venous pressure in the vein of the 
cm. TOen tilted to 7?the fed 
was 96.5 cm., fte ave? v2 
111.5 cm. The effect of onrf, P^^sure was 

nounced, and in both tilted^sitiL^'^ 

sure was ample to efferf ■'■enous pres- 

the heart. Such VuS^f of blood to 

seived in each of the tivo 

subjects. P^^meats on all seven 

These results do not 

riously reported by von ^ P'e- 

by Hooker (1911), ^^nghausen (1905), 

^ bj earner and Rehbe^ 
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(1923). In the veins of the foot in sitting and 
standing positions von Recklinghausen found that 
the rise of venous pressure was not sufficient to 
overcome the opposing hydrostatic factor although 
it was sufficient to bring the blood to about the 
entrance to the body cavity. Discrepancies of 
somewhat lesser magnitudes were found by the 
other workers. Hooker noted that the quieter 
the subject the higher the venous pressure in the 
standing position and that the pressure in a vein 
of the foot with the subject reclining in a steamer 
chair might be greater than the hydrostatic factor. 
Carrier and Rehberg noted that continued main- 
tenance of the standing position caused the venous 
pressure to approach the values for the hydro- 
static factor though always lower. In their work 
the subject stood on one foot on a stool with the 
experimental leg hanging relaxed, but fatigue lim- 
ited the duration of possible observation. If the 
subject stood on both feet, thus involving muscu- 
lar effort, the venous pressures in the lower veins 
were about 20 cm. less. None of these methods 
made use of a tilting table and it is possible that 
in spite of intentions to the contrary the blood was 
helped along by the contraction of the muscles of 
the leg. The capsules in some studies were not 
of large size nor were they counterweighted. It 
is important to note that in our experiments the 
subjects were entirely relaxed and quiet for a 
considerable time before as well as during the 
period of observation, and since these young 
women felt no trace of dizziness while tilted their 
circulatory state presumably was reasonably 
steady. 

Though the series is not large enough for sta- 
tistical treatment. Table III shows the total ranges 
of venous pressures obtained and the averages for 
the different positions. The ranges are not wide 
in comparison with some found in the literature. 
Some of the very high values reported by others 
may have been due to a lack of bony support for 
the vein chosen and a consequent dissipation in 
the soft tissues of the pressure applied. Also for 
high pressures the cupping of the skin under the 
capsule leads to incorrect readings, which were 
prevented in our work by the counterweighting 
clamp. There may be a variation in the success 
with which the end-point is observed for some 
capsules leave a very limited portion of the vein 
visible and that none too clearly. 


TABLE III 

Determinations of venous pressure. Subjects, seven 
healthy young college women. Indirect method. In cm. 
water. 


Postural condition 

1 

Average 

Total range 

1 

Range of 

75 per cent 
of readings 

Hand veins at heart level 

Horizontal j 

7.2 

6.0- 8.4 

6.6- 8.0 

Tilted to 45° 

7.9 

6.0- 9.5 

7.0- 8.7 

Tilted to 75° 

7.0 

5.0- 9.0 

6.5- 8.0 

Foot veins 

Horizontal 

10.5 

6.4- 12.8 

i 8.9- 11.0 

Tilted to 45° 

78.4 

70.2- 87.7 

' 75.0- 85.0 

Tilted to 75° 

114.4 

102.6-124.2 

1 109.3-120.0 


Eyster gives 4 to 6 cm. water as the normal 
range of venous pressure in the superficial veins 
of the hand at heart level. Our range is slightly 
higher, 6 to 8 cm. This difference may easily be 
due to a clearer field of observation or to the use 
of a slightly different end-point, the actual inter- 
ruption of the flow in the vein rather than the first 
collapse. 

Note on pressure in a subject with inferior 
circulatory adjustments 

While the seven subjects discussed above all 
showed successful adjustments to the erect posi- 



0 

TIME IK MINUTES 


Fig. 2. Subject M, of Inferior Circulatorv Ad- 
justment, Unable Because of Faintness to Endure 
Tilted Positions Longer than Indicated bv Time or 
Determinations. 

Symbols as in Fig. 1. 
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tion during the half hour study, an eighth subject 
repeatedly became dizzy and fainted after six to 
eight minutes at 75° or even at 45°. From Fig- 
ure 2 it is readily seen that the pressures in the 
vein of her foot when she was tilted to 45° and 
75° only once equalled the hydrostatic factor, 
and also that a steady fall in pressure in her foot 
occurred until dizziness made the erect or semi- 
erect position untenable. A slight, possibly not 
significant, fall is seen in the pressure in her hand 
at heart level at the same time. Turner, Newton, 
and Hajmes (1930) showed that quiet, healthy, 
standing j-oung women make extensive circulatory 
adjustments which are maintained as the quiet 
position is prolonged although marked variations 
occurred in different individuals. They observed 
a distinct and progressive increase in the heart 
rate, a rise in diastolic pressure, and a lessened 
pulse pressure when subjects were tilted progres- 
sively through a series of angles up to 90°, with 
all these changes much more marked in subjects 
Tivho habitually became dizzy when erect and still. 
There w’as also evidence of increased volume in 
the legs due to stagnation of fluid during quiet 
standing, and evidence for stagnation of blood in 
the abdominal region. The measurements of ve- 
nous pressure in our one subject with inferior 
circulatory adjustment seem to extend the data 
just summarized for such persons. The low %^e- 
nous pressure in her foot may indicate a failure 
in the return of blood to the heart The color 
of her feet, much more purple than those of the 
other subjects, also suggested this. It is to be 
regretted that no other subjects of this tj^pe were 
available. 

SUMMARY 

1. Determinations of venous pressure by the 
indirect method of Krogh, Turner, and Landis 
have been made on the superficial veins in the 
hands and feet of seven normal healthy college 
women while they were subjected to postural 
changes on a tilting board. The horizontal posi- 
tion and tilted positions at angles of 45° and 75° 
were used. 

2. Venous pressure in the superficial veins of 
the hand at heart level following a preliminarj' pe- 


riod for adjustment remained constant for each 
individual for periods of over an hour, in spite of 
changes in posture. The effect of the position of 
the shoulder on the venous pressure in the hand 
is discussed. The average pressure in the veins 
of the hand was 7.2 cm. water. 

3. The venous pressure in the superfidal veins 
of the foot at heart level, 10,5 cm. water, was 
somewhat higher than that of the hand in the re- 
clining position. 

4. Venous pressure in the veins of the foot in- 
creased %vith change in posture from the horizon- 
tal to 45° and 75° angles; for each position it- 
remained approximately constant during the ex- 
perimental period; at both 45° and 75° it was 
somewhat greater than the hydrostatic factor. In 
healthy subjects who experienced no dizziness in 
the tilted positions the return of blood therefore 
seemed assured by venous pressirre alone. 

5. Readings of venous pressure in one subject 
with inferior drculatorj- adjustment when tilted 
to 75° showed a pressure in the vein of the foot 
inadequate to overcome the hydrostatic factor. 
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Evidence of varied nature indicates that the 
arterioles of the splanchnic region are constricted 
in patients suffering from essential hypertension, 
and that this may be an important factor in main- 
taining the pressure at an elevated level. Inter- 
ruption, by surgical means, of nerves carrying 
effector impulses to this region would therefore 
appear to be a logical therapeutic procedure. 

Section of the anterior nerve roots close to the 
cord seems a method which will surely intercept 
both the motor and sympathetic innervation. It 
is furthermore desirable that denervation be as 
complete as possible without interfering with vital 
functions. Anatomical considerations suggest 
that this can best be accomplished by section of 
the anterior roots from the sixth thoracic segment 
to, and including, the second lumbar. 

The sixth to the twelfth thoracic motor nerves 
innervate the intercostal muscles and the seventh 
to first lumbar nerves supply the abdominal mus- 
culature. Part of the supply to the flexor muscles 
of the hip is derived from the first and second 
lumbar nerves. The first lumbar root' contributes 
branches to the ileoinguinal and ileohypogastric 
nerves, and both the first and second roots send 
fibers to the genito-femoral. The lateral cutane- 
ous nerves receive fibers from the first, second 
and third lumbar roots. 

There is some difference of opinion as to the 
anatomy of the sympathetic system in the tho- 
racico-lumbar region. All of the anterior nerve 
roots contribute to the innervation of the cutane- 
ous vessels, pilomotor muscles and sweat glands. 
The major splanchnic nerves are derived from the 
fifth to the tenth thoracic segment, and the minor 
splanchnic from the ninth and tenth or the tenth 
to twelfth roots. These nerves join the celiac 
plexus. In this manner connection is established 
with the stomach, liver, adrenals, pancreas, intes- 
tine and Iddneys. Section of the sixth thoracic to 
the second lumbar roots, therefore, partially inter- 
rupts not only the motor nerve supply of the ab- 


dominal wall but the sympathetic supply of most 
of the abdominal viscera, except the colon, rec- 
tum, bladder and genital organs. The vagus and 
phrenic nerves and the intrinsic nerve supply re- 
main intact to innervate the viscera. The inferior 
mesenteric ganglion also remains intact except for 
loss of some fibers from the second lumbar root. 

Adson and Brown ( 1 ) ( 1934) were the first to 
suggest and perform the operation as outlined. 
By this procedure they hoped (1) to remove the 
sympathetic innervation of sufficient arteries to 
modify arterial responses, (2) thoroughly to de- 
nervate the suprarenal glands, and (3) to remove 
the effects of intra-abdominal tension. They re- 
port a case of early malignant hypertension in a 
woman 29 years of age who had had high blood 
pressure for at least 18 months. The blood pres- 
sure in the recumbent position varied from 150 
to 200 systolic and from 100 to 150 diastolic. 
The range following operation was from 155 to 
195 systolic and from 100 to 150 diastolic. After 
operation no visible sweating was found below the 
level of the epigastric notch anteriorly or below 
the angle of the scapulae posteriorly. There was 
no difference in the amount of phenolsulphon- 
phthalein excreted whether the patient was stand- 
ing or recumbent. Evidently considerable sclero- 
sis of the vessels was present in this case. After 
operation the retinal vessels remained narrowed. 
Retinitis was, however, less active than on admis- 
sion. The response to Brown’s test of pressor 
response to cold showed that following operation 
there was a significant decrease in the maximum 
rise in blood pressure. While the operation did 
not lower the systemic blood pressure level as 
much as might have been hoped for, it was be- 
lieved that this was due to structural changes in 
the blood vessels. 

It therefore seemed to us desirable to select a 
case in which the vascular tree was still flexible 
and yet one in which the hypertension was a po- 
tential source of grave danger to life. 
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Hospital Xo. S990. The patient, a 23 year old Jewish 
girl, complained of fatigue and restlessness for a period 
of at least one year and a half. She had had good health 
up to the time of her present illness. Temperamentally, 
however, she was excessively e.xcitable and unstable. 
Her friends found her a “difficult” person, 

A chance ph\'sical examination showed that her blood 
pressure was over 200 mm, Hg, Until a few months ago 
she was sj’mptom-free except for the feeling of excessive 
fatigue. Headaches were frequent and she suffered from 
palpitation and dull pains over the precordium. .A.t night 
her ankles swelled. 

The patient was a well developed, highly nenous girl. 
She had advanced acne vulgaris over her face, chest, and 
back. The hair distribution was normal. The fundus 
examination demonstrated that the nerve head was hy- 
peremic, the arterioles were slightly constricted and the 
veins dilated. There were no retinal hemorrhages or 
exudates. The tonsils were buried and ragged and the 
thjToid gland was not enlarged. The heart measure- 
ments were as follows : M.L. = 8.3 cm., M.R. = 4.6 cm. 
The chest diameter was 23 cm. The cardiac sounds were 
of good quality and X- and P: were slightly accentuated. 
The peripheral vessels were not tortuous or thickened. 
The blood pressure was 200/140 mm. Hg. The kidneys 
were palpable but not enlarged. The superficial and deep 
refle.xes were hyperactive. The hands and feet were cold 
and perspired freely. 

This girl seemed to be suffering from essential hyper- 
tension of relatively short duration. Her temperament 
undoubtedly greatly intensified the disease as we had oc- 
casion to obsen-e on many occasions. Her vascular sys- 
tem was still flexible as evidenced by the facts that amyl 
nitrate, mecholin (acetyl /3-methyl cholin) and postural 
changes produced marked diminution in her blood pres- 
sure. There was also neither palpable sclerosis of her 
peripheral vessels nor visible changes, except constriction 
m her retinal arterioles. Cardiac decompensation was 
evident under strain, for edema of her ankles appeared 
only after a daj-’s work. 

The patient was confined to bed in the hospital and the 
level of the blood pressure measured at 9 ;30 every mom- 
Ten days after admission sodium thioo'anate was 
administered over a period of 20 days. It was necessarj- 
also to give chloral hydrate (0.5 gram t.i.d.) and amytal 
at night. A graphic chart (Figure 1 ) has been prepared 
to show the course of the patient while in the hospital. 

Thiocyanate treatment apparently caused the level of 
the blood pressure to fall markedly but, on discontinuing 
the drug, it rose to its original level, .\fter about ten 
Weeks of strict bed rest it was evident that the blood 
pressure would not fall more than it had. It varied from 
a maximum of 192/134 to 162/108 ram. Hg. Since the 
patient showed no improvement it was our belief that 
radical surgical intervention was justifiable. 

Surgical procedure. The operation was performed 
^lay 11, 1934, under ether anesthesia. It consisted of 
the e.xposurc and removal of the laminae corresponding 
t'lth the sixth thoracic to the second lumbar segments 
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inclusive; and the incision of the dura mater so as to 
expose the spinal cord. With an appropriate instrument 
each pair of anterior nerve roots was separated from the 
spinal cord as it coursed along this structure and divided 
approximately midway between its point of origin and 
its union with the posterior roots. Silver clips were 
placed across several roots, the division of which Avas 
associated with slight hemorrhage. After completing the 
division of the roots the wound was closed throughout 
with silk. The operation required three hours. The 
pulse during operation A'aried between 110 and 90. 

Recovery from the operation was uneventful. The 
blood pressure fell rapidly and progressively to a level 
that was nearly normal. Especially striking Avas the fall 
in diastolic pressure. For the first AA'eek after operation 
the patient had moderate difficulty in CA'-acuating her 
bowels. This Avas remedied by use of enemata. The 
abdominal muscles A\^ere completely paralyzed. Although 
relaxed, Avhen the patient stood up, there Avas almost no 
“pot belly.” An abdominal binder Avas not found neces- 
sar 3 ^ She soon learned hoAV to manage the motion of 
her trunk AAuthout the use of the abdominal musculature. 

There Avas steady improvement in the patient’s strength 
but her emotional Amlatility continued unabated. Her 
headaches, palpitations and precordial pain, hoAvever, 
disappeared. 

Laboratory exainhiations before and after 
operation 

The renal function, as measured by the urea 
clearance test, Avas found to be normal on six 


occasions before operation. Nor did it change 
significantly folloAving operation. The ability of 
the kidneys to concentrate Avas also not markedly 
impaired though the maximum non-protein spe- 
cific gravity^ fell from 1.027 to 1.019, measure- 
ments being made on a 12-hour specimen Amided 
at the end of 24 hours Avithout fluids. Neither 
before nor after operation Avas there an increase 
in the number of red blood cells or casts counted 
in Addis sediment test specimens of urine. Sugar 
Avas not found in the urine. 

The plasma proteins Avere normal as AA^as the 
hemoglobin. The latter fell slightly folloAving 
operation but quickly returned to normal. 

The basal metabolic rate Avas normal both be- 
fore and after operation. 

An electrocardiogram taken about tAvo months 
before operation shoAved the folloAving character- 
istics: T Avaves -| — | — conduction time 0.17 sec- 
onds, Ro split, low voltage and normal rhythm. 
Another record taken tAvo months after operation 

shoAved: T waves — | , conduction time 0.16, 

Ry split and normal rhythm. 

A muscle biopsy removed from the lumbar 

1 Obtained by subtracting 0.003 from tlie total specific 
gravity for each one per cent of protein (6). 



Fig. 2. 
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muscle during operation sliowed, according to Dr. 
C. P. Rhoads, that moderate but definite intimal 
thickening had taken place in the arterioles. (See 
Figure 2.) 

Dr. William Lewis measured the minute vol- 
ume output of this patient 26 days after operation 
by the acet 3 -lene procedure (Grollman et al. (2)). 
The following results were obtained; 

Cardiac output, liters per minute = 4.1. 

Arteriovenous oxygen difference per liter blood 
= 53.4 cc. 

Cardiac output, liters per minute per square me- 
ter of body surface = 2.9. 

Basal metabolic rate = -}-7 per cent (Dubois 
standard) . 

The level of minute volume output is higher 
than the average normal (2.2 ±: 10 per cent). 
Since only one determination was made it should 
not be considered as constantly elevated. It 
seems certain at least that it is not reduced be- 
low normal level as the result of operation. 

The content of lipid in the plasma was ascer- 
tained before and after operation by the method 
of Kirk, Page and V an Slyke ( 1934) . 


level b}' anterior neire root section. The blood 
pressure has remained at a level which is almost 
normal for seven months, in spite of the fact that 
the patient was allowed to go about the hospital 
wards without restriction. Emotional excitement 
caused the pressure to rise but seldom did it ex- 
ceed 160 mm. Hg. Nor did it remain persistently 
elevated but rather quickly fell to its original le\'el. 

The ability' of the kidneys to excrete mrea, as 
measured by the urea clearance test, was im- 
altered as the result of almost complete deneiwa- 
tion resulting from rhizotom}'. It is interesting 
to note that no change in efficiency of the kidne 3 ’s 
resulted even though a marked fall in blood pres- 
sure occurred. This corroborates the obsen-ation 
of Page ( 1934) that the effidency- of the kidneys 
in cases of essential hypertension and nephritis is 
not directly dependent on the level of sj'stemic 
blood pressure. The power of the kidney's to 
concentrate urine was somewhat reduced. 

Hemoglobin, plasma proteins, urine proteins, 
urine sugar and plasma lipids were not appre- 
dably' altered following operation. The basal 
metabolic rate and cardiac output both remained 


T.^BLE I 


Lipid content of plasma during fasting 


Date 

Total 

lipid 

carbon 

Total i 
cho- 
lesterol 

Free 

cho- 

lesterol 

Lipid 

amino 

nitrogen 

Lipid i 
nitro- 
gen 

Lipid 

phos- 

phorus 

Tctal 

phcs- 

phatidet 

**Ceph- 
alin " X 

Narch 6, before operation 

jMe 22, after operation 

iNormal average values for young men 

mgm, per 
100 cc, 

479 

528 

528 

rngm. Per 
100 cc, 

192 

241 

212 

mgm, per 
100 cc, 

72.6 

88.1 

83 

ingm. per 
100 cc, 

2.22 

6.33 

3.1 

7Kgm. per 
100 cc, 

6.14 

20.4 

9.7 

rr.grr.. per 
100 cc. 

5.47 

8.65 

6.3 

mm 

rr-tr-.. per 
100 cc. 

118 

235 

174 


t Total phosphatide calculated from lipid phosphorus. 
t **CephaIin*' calculated from Hpid amino nitrogen. 


According to the values found by Page, Kirk 
^d Van Slyke (1935) to be normal for young 
nien, these results may be considered to fall within 
normal limits. The lipid amino nitrogen or 
‘ cephalin ” value found after operation is slightly 
higher than normal. 

DISCUSSION 

Although the level of arterial blood pressure in 
Biis patient was high and tended to remain so, 
nevertheless the vascular system was flexible. It 
•s our belief that as a consequence of this flexi- 
bility it was possible to reduce the blood pressure 


normal. There was no increase above normal of 
the excretion of red blood cells in the urine. 

CONCLUSIONS 

1. Section of the anterior ner\'e roots from the 
6th thoradc to the 2d lumbar segment has been 
performed in a young girl suffering from {per- 
sistently elevated arterial blood pressure. Ana- 
tomical and physiological eHdence indicated that 
her vascular system was yet flexible. 

2. The blood pressure level quickly- fell to nor- 
mal, and has remained normal for seven months. 

3. Denervation of the kidneys resulting from 
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the operation did not alter their power to excrete 
urea but there was slight loss in ability to con- 
centrate urine. The kidneys were as efficient 
when the blood pressure was reduced to normal 
as when it had been elevated. No increase oc- 
curred in the number of red blood cells excreted 
in the urine. 

4. In spite of the fact that the blood pressure 
fell to normal, there was no change in the sub- 
jective feeling of the patient except that head- 
aches, palpitation, and precordial pain disap- 
peared. 

5. No significant alterations occurred in the 
hemoglobin, and plasma proteins. The basal me- 
tabolism and cardiac output also were normal. 
Electrocardiographic records taken before and af- 
ter operation showed no change from normal. 

6. Determinations were made of total lipid, to- 
tal and free cholesterol, lipid amino nitrogen, total 
lipid nitrogen and lipid phosphorus in the blood 
plasma both before operation, when the blood 
pressure was elevated, and after when it was nor- 
mal. Except for slight rise in lipid amino nitro- 


gen and total lipid nitrogen, following operation, 
the changes were insignificant. 
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Hj'pertension is one of the most frequent com- 
plications of renal disease, both acute and chronic. 
The fact that in nephritis renal influences, nervous 
or other, apparently produce hypertension sug- 
gests the possibility that the unknown cause of 
essential h}q)ertension may lie in nervous im- 
pulses from the kidney, even though the kidneys 
themselves appear to be entirely normal at the 
onset of the hj'pertension. 

We have accordingly performed bilateral renal 
denen'ation on a patient with essential hyper- 
tension uncomplicated by detectable renal involve- 
ment, and with but slight evidence of anatomical 
changes in the circulatory system. Because the 
hj’pertension was still in its initial stage, without 
organic damage, it appeared possible that thera- 
peutic lowering of the blood pressure might occur. 

History of the patient 

This 2S-j'-ear old girl complained that she be- 
came easily fatigued and was extremely nenmus. 
Cardiac disease had been found in her father and 
two sisters. At the age of 13 she had chorea 
with involvement of her heart. Six j'ears later 
a tonsillectomj' was performed because of swell- 
ing and pain in certain of her joints. Low grade 
hj'pertension was found during an examination 
before the operation. Since then she had not 
been troubled bj' sj-mptoms of rheumatic fever, 
but hypertension had continued and became pro- 


gressivety more marked. In the past few j-ears 
she had noticed that she blushed spontaneous!)', 
and that she cried for no apparent reason. She 
also had palpitations, her moiflh became dry and 
she often had attacks of trembling. During the 
past three j-ears, about two or three times a j'ear, 
she had had mild fits suggestive of epilepsj*. Un- 
til recentlj' she had had manj' severe headaches, 
especially pronounced a few daj's before her men- 
strual period. 

Physical examination. The patient was a well 
developed but thin girl with a markedlj' masculine 
build and hair distribution. There was a pro- 
noimced blotchj* blush over the face, neck and 
upper thorax. Her hands and feet were cold and 
moist with perspiration. 

Examination of the fundus revealed that the 
ner\-e head was of a deep pinkish color without 
papilledema. The arterioles were sb’ghtlj’ con- 
stricted and definitelj' tortuous. Perivasculitis 
was not evident. The veins were tortuous and 
dilated and arteriovenous constriction was seen. 
There w'as no exudate or hemorrhage in the ret- 
ina. Vision was good in all sectors. 

There was marked sj'stolic pulsation in the 
jugular notch. The thjToid gland was normal to 
palpation. The beating of the heart caused a 
marked thrust and the rate was rapid but regular. 
The heart appeared verj- slightly enlarged to the 
left. The first sound at the apex was snapping in 
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too cc. 
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100 cc. 

100 cc. 

100 cc. 
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5.7 
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S3 
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character associated with a soft presystolic mur- 
mur and a short diastolic whiff. Ag and Po were 
slightly accentuated. The peripheral blood ves- 
sels were moderately thickened but not tortuous. 
The blood pressure was 208/140 mm. Hg. 

The abdomen was scaphoid. Both kidneys 
were palpable but not enlarged. Tremor was not 
observed in the fingers when the arms were out- 
stretched. The superficial and deep reflexes were 
equal on both sides and hyperactive. There was 
a slight bilateral ankle clonus. 

Laboratory examination. Renal function, as 
measured by the urea clearance test of M/Iler, 
McIntosh and Van Slyke (1), was 91.5 per cent 
of average normal. The Addis sediment test 
showed that no significant number of red blood 
cells or casts were being excreted in the urine, 
that the specific gravity was 1.030, and that the 
protein excreted was not greater than 0.02 gram 
in 12 hours. Sugar was not found in the urine. 
The basal metabolic rate was -{- 5. The hemo- 
globin was 20.5 volumes per cent oxygen capacity. 
The white blood cells numbered 8000 and the 
Kline test was negative. 

Estimation of the plasma lipids by the method 
of Kirk, Page, and Van Slyke (2) showed that 
they were all within normal limits. (For normal 
values see Page, Kirk, and Van Slyke (3).) 

X-ray examination of the heart shoVed that it 
was but little enlarged and of normal shape. The 
measurements were as follows: M.L. = 8.7 cm. 
M.R. = 3.9 cm. Internal diameter of thoracic 
cage= 22 cm. The peripheral vessels showed 
no calcification and the sella turcica was normal. 
The electrocardiogram exhibited the following 
characteristics: T waves f— f ; conduction time 
0.16; Pi and Pg split; normal rhythm. 

Course. For convenience the laboratory and 
certain of the clinical observations are plotted in 
Figure 1. The points on the blood pressure rec- 
ord represent average blood pressure levels. 

The blood pressure, taken daily at 9:30 a.m. 
with the patient strictly confined to bed at all 
times, showed little tendency to fall. Nor did a 
course of sodium thiocyanate therapy (up to 
grains iv O.D.) have any marked effect. 

The kidneys were entirely normal in so far as 
could be ascertained bj'^ clinical examination, 
Renal function^ was normal as measured by the 
power of the kidneys to remove urea from the 
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blood and by abilitj’' to concentrate the urine. No 
appredable quantity of protein or red blood cells 
ivas excreted into the urine, nor was anemia pres- 
ent. 

About one month after admission, since the pa- 
tient did not appear to be improving, denerv'ation 
of the right kidney was performed. This opera- 
tion will be described, as performed by us, in 
another publication concerned with the results of 
denervation in patients suffering from nephritis. 
The operation went smoothly and recovery v'as 
uneventful. The kidney was found to be normal 
in appearance. Sections of muscle removed from 
the lumbar muscles showed, according to Dr. C. 
P. Rhoads, very little intimal change. 

Following operation no change in renal func- 
tion or blood pressure level was obserwed. About 
one month later the left kidney was denervated. 
Again no significant change occurred in the renal 
function measured by the urea clearance test or 
the ability to concentrate. A slight fall occurred 
in the average diastolic pressure. This was not 
considered significant in view of the fact that the 
patient had been subjected to two major opera- 
tions. Shortly after operation there was a sh'ght 
increase above normal in the number of red blood 
cells excreted in the urine, but the hematuria 
quickly subsided. No change was observed in 
the eyegrounds as the result of the operations. 
The hemoglobin also did not change significantly. 

An attempt was made by Dr. O. Lowsley to 
catheterize the ureters after the first operation. 
The bladder was found to be normal, but the ca- 
theters could not be inserted more than five centi- 
uieters into the ureters presumably because of 
spasm. It is interesting to note that on the de- 
uen-ated side the patient felt no pain follovnng 
cj'stoscopy. Conversely, on the innervated side 
the pains were crampy and intense. 

The patient felt as well after the two operations 
^ before. No sjnnptoms such as pcljairia, noc- 
tuna or urgency appeared. However, it cannot 
he said that she was improved. 

DISCUSSION 

Since the level of arterial blood pressure did not 
fall significantly following bilateral denei^-ation 
°f the kidne\-s, it was concluded that in this pa- 
tient Suffering from severe essential hj'pertension 


nervous impulses originating in the kidneys did 
not share in the maintenance, and probably there- 
fore not in the genesis of the hj'pertension. The 
results in this typical case were so derisive that 
they make it appear doubtful that the kidneys play 
any role, as a general thing, in the genesis of es- 
sential h}'pertension. 

Renal denervation was first performed in man 
by Papin and Ambard (4) for relief of pain. 
Quinby (5) (1916), Milliken and Carr (6) 
(1925) and Caldwell, Marx and Rowntree (7) 
(1931) have presented comprehensive reviews of 
the literature. Patients suffering from essential 
hj-pertension have not heretofore been subjected 
to renal denervation. 

Eridently bilateral denervation is not an opera- 
tion which jeopardizes renal function. Neither 
the urea clearance nor the ability to concentrate 
were impaired. Pclj-uria and fixation of sperific 
grarity, shown to occur by Quinby (5) and Mar- 
shall and Kolls (8) in dogs following denerva- 
tion, were not observed in our patient. 

SUilHARY 

1. Bilateral renal deneiwation, in a patient suf- 
fering from severe essential hypertension, did not 
change the level of arterial blood pressure, hence 
our results give no ground for expecting that 
denervation in cases of essential h)pertension is 
of therapeutic value. 

2. No ill effects, either renal or extrarenal, 
were observed after the denervation. Renal effi- 
ciency, as measured by the urea clearance test and 
the ability of the kidneys to concentrate, was nor- 
mal before operation and remained unchanged 
after denervation. 

3. Our results do not support the hypothesis 
that essential hypertension originates in whole or 
in part in the nervous mechanism of the kidneys. 
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character associated with a soft presystolic mur- 
mur and a short diastolic whiff. and Pg were 
slightly accentuated. The peripheral blood ves- 
sels were moderately thickened but not tortuous. 
The blood pressure was 208/140 mm. Hg. 

The abdomen was scaphoid. Both kidneys 
were palpable but not enlarged. Tremor was not 
observed in the fingers when the arms were out- 
stretched. The superficial and deep reflexes were 
equal on both sides and hyperactive. There was 
a slight bilateral ankle clonus. 

Laboratory examination. Renal function, as 
measured by the urea clearance test of M/ller, 
McIntosh and Van Slyke (1), was 91.5 per cent 
of average normal. The Addis sediment test 
showed that no significant number of red blood 
cells or casts were being excreted in the urine, 
that the specific gravity was 1.030, and that the 
protein excreted was not greater than 0.02 gram 
in 12 hours. Sugar was not found in the urine. 
The basal metabolic rate was -f- 5. The hemo- 
globin was 20.5 volumes per cent oxygen capacity. 
The white blood cells numbered 8000 and the 
Kline test was negative. 

Estimation of the plasma lipids by the method 
of Kirk, Page, and Van Slyke (2) showed that 
they were all within normal limits. (For normal 
values see Page, Kirk, and Van Slyke (3).) 

X-ray examination of the heart sho'wed that it 
was but little enlarged and of normal shape. The 
measurements were as follows : M.L. = 8.7 cm. 
M.R. = 3.9 cm. Internal diameter of thoracic 
cage= 22 cm. The peripheral vessels showed 
no calcification and the sella turcica was normal. 
The electrocardiogram exhibited the following 
characteristics ; T waves -f— ; conduction time 
0.16 ; Pi and Pg split ; normal rhythm. 

Course. For convenience the laboratory and 
certain of the clinical observations are plotted in 
Figure 1. The points on the blood pressure rec- 
ord represent average blood pressure levels. 

The blood pressure, taken daily at 9:30 a.m, 
with the patient strictly confined to bed at all 
times, showed little tendency to fall. Nor did a 
course of sodium thiocyanate therapy (up to 
grains iv O.D.) have any marked effect. 

The kidneys were entirel}’’ normal in so far as 
could be ascertained by clinical examination. 
Kenal function. was normal as measured by the 
power of the kidneys to remove urea from the 
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blood and by ability to concentrate the urine. No 
appreciable quantity of protein or red blood cells 
■nas excreted into the urine, nor was anemia pres- 
ent. 

About one month after admission, since the pa- 
tient did not appear to be improving, dener\'ation 
of the right kidney was performed. This opera- 
tion will be described, as performed by us, in 
another publication concerned with the results of 
denerration in patients suffering from nephritis. 
The operation went smoothl}’ and recovery’ was 
uneventful. The kidney ■\\'as found to be normal 
in appearance. Sections of muscle removed from 
the lumbar muscles showed, according to Dr. C. 
P. Rhoads, veiy- little intimal change. 

Following operation no change in renal func- 
tion or blood pressure level was obser\’ed. About 
one month later the left kidney was deneivated. 
Again no significant change occurred in the renal 
function measured by the urea clearance test or 
the ability to concentrate. A slight fall occurred 
in the average diastolic pressure. This was not 
considered significant in vdew of the fact that the 
patient had been subjected to two major opera- 
tions. Shortly after operation there was a slight 
increase above normal in the number of red blood 
cells excreted in the urine, but the hematuria 
quickly subsided. No change was observed in 
the eyegrounds as the result of the operations. 
The hemoglobin also did not change significantly. 

An attempt was made by Dr. O. Lowsley to 
catheterize the ureters after the first operation. 
The bladder was found to be normal, but the ca- 
theters could not be inserted more than five centi- 
meters into the ureters presumably because of 
spasm. It is interesting to note that on the de- 
neiv-ated side the patient felt no pain following 
Dstoscopy. Conversely, on the innervated side 
the pains were crampy and intense. 

The patient felt as well after the two operations 
^ before. No symptoms such as polyuria, noc- 
turia or urgency appeared. However, it cannot 
c said that she was improved. 

DISCUSSION 

Since the level of arterial blood pressure did not 
significantly following bilateral deneiY-ation 
° the kidneys, it was concluded that in this pa- 
mnt suffering from severe essential h 3 'pertension 


nen'ous impulses originating in the kidneys did 
not share in the maintenance, and probably there- 
fore not in the genesis of the h\-pertension. The 
results in this tj-pical case were so decisive that 
they make it appear doubtful that the kidneys play 
any role, as a general thing, in the genesis of es- 
sential hypertension. 

Renal denerv-ation was first performed in man 
by Papin and Ambard (4) for relief of pain. 
Quinby (5) (1916), Milliken and Carr (6) 
(1925) and Caldwell, Marx and Rowntree (7) 
(1931) have presented comprehensive reviews of 
the literature. Patients suffering from essential 
hj’pertension have not heretofore been subjected 
to renal denervation. 

Evidentl}' bilateral denervation is not an opera- 
tion which jeopardizes renal function. Neither 
the urea clearance nor the ability- to concentrate 
were impaired. Polymia and fixation of specific 
gravity, shown to occur by Quinby (5) and Mar- 
shall and KoUs (8) in dogs following deneiwa- 
tion, were not observed in oiu- patient. 


SUHMARY 

1. Bilateral renal denen-ation, in a patient suf- 
fering from severe essential hypertension, did not 
change the level of arterial blood pressure, hence 
our results give no ground for expecting that 
deneiY-ation in cases of essential hypertension is 
of therapeutic value. 

2. No ill effects, either renal or extrarenal, 
were obseiwed after the dener^-ation. Renal eS- 
ciency, as measured by' the urea clearance test and 
the ability of the kidneys to concentrate, was nor- 
mal before operation and remained imchanged 
after denervation. 

3. Our results do not support the hypothesis 
that essential hypertension originates in whole or 
in part in the neiwous mechanism of the kidnevs. 
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In the course of investigations into various 
changes produced in the body and its functions by 
exercise, several workers have studied the urine. 
Diminution of volume and increase in concentra- 
tion were early recognized. The occurrence of 
proteinuria and certain factors related to its oc- 
currence were shown. The fact that urea excre- 
tion is impaired by Hgorous activity was demon- 
strated. De la Camp is said to have been the first 
to note the occurrence of a general increase in the 
number of formed elements in the sediment. His 
obseiantions have been repeated several times. 

^ This report gives the first data which are quan- 
titative and which show time relationships. 

METHODS AND MATERIAL 

The urine studied was obtained from a group 
of thirtj’-one apparently healthy young male ath- 
letes. Specimens produced before, during, and 
after exercise were examined. The exerdse was 
strenuous; football and handball. The duration 
of the period of exerdse varied from forty min- 
utes to four hours. Several series of specimens 
from three members of the group were studied ; 
one series from each of the others. A series of 
specimens consisted of (1) a timed spedmen pro- 


duced in the period before exerdse, (2) a timed 
spedmen produced during the period of exerdse, 
and (3) one or more timed specimens produced 
after exerdse. During the periods before and 
after exercise the subjects were xmder conditions 
of ordinary activity, i.e., up and about thdr usual 
school duties. No attempt was made to control 
fluid intake. Spedmens from each subject were 
collected successively and were examined within 
two hours. 

Determinations were made of the rate of excre- 
tion of urine, the spedfic gravity, the rate of ex- 
cretion of protein, and the rates of excretion of 
red blood cells, white blood cells and renal epi- 
thelial cells, and casts. 

Protein was determined by the method of 
Shevk}' and Stafford (10). The formed ele- 
ments in the sediment were coimted by the method 
derised by Addis (1). 

EEStiLTS 

The rate of excretion of urine varies greatly. 
Most indiriduals, however, show a reduction in 
the rate of production of urine while exerdsing 
which, upon cessation of vigorous activity-, is fol- 
lowed by a rapid return toward the rate existing 


TABLE 1 

Summary of data for averages shovm in figures 



i 

i Nunber 
of 

Nxitober 

of 

j ilean with its standard i 

error 


subjects 

vsUons 

Before exerdse 

Daring exerdse 

After exerdse 

kate of production of urine, cc. per hour 

31 

41 

50.2 i 10.2 

28.5 ±3.0 

48.9 ±5.2 

Specific gravity. . 

31 

41 

1.026^0.00051 

1.029 ±0.00051 

1.02g±0.00059 

^te of excretion of red blood cells, thousands per hour 
^^tyntlon of white blood cells and renal epi- 

cells, thousands per hour 

31 

41 

2.98=0.56 

3.56 ±0.65 

1.72±0.31 

31 

41 1 

16.73=6.85 

71.23 ±22.98* 

!23.03±3.83 

excretion of casts, thousands per hour 

» A- * . - 

31 

41 

i 

2.09=0.09 

37.94±11.16 

I0.00±3.83 


One widely divergent observation (262) has been excluded. If it is included this figure becomes 75.88=42 96 
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Fig. 1, Effect of Exercise on the Rate of Produc- 
tion OF Urine. 


under conditions of ordinary activity. Figure 1 
represents the average response of the group. 

The specific gravity increased during the period 
of exercise, Figure 2. Here again the individual 

Sp.Gr. 



Exercise 


Fig. 2. Effect of Exercise on the Specific Gravity 
OF THE Urine. 

variation was great. As pointed out by Barach 
(4) , in the individual no correlation seems to exist 
between the change in rate of excretion and the 
change in specific gravity ; a fall in the volume per 
hour was often associated with a lower specific 
gravity. 

The effect of exercise on the rate of protein ex- 
cretion, Table II, was inconstant. It varied in 
different individuals and in the same individual on 
different occasions. In one subject who had a 
functional proteinuria, on some occasions the rate 
of protein excretion increased ; on other occasions 
it decreased. 

The number of red blood cells found in the 
urinary sediment was unaffected by exercise. Fig- 
ure 3. 

In the number of white blood cells and renal 
epithelial cells appearing in the urine, exercise 
produced approximately a four-fold increase. Fig- 
ure 4. In only one instance, however, did the 


TABLE II 


T/ie rate of excretion of protein in the urine 


Number of 
observations 

Rate in mgm. per hour 

Before exercise 

During exercise 

After exercise 

14 

0 

0 

0 

1 

0 

1.7 

0 

1 

0 

3 

3 

1 

0 

4 

0 

1 

0 

4.5 

0 

1 

0 

4.8 

6 

1 

0 

12 

3 

1 

0 

21.8 

0 

1 

0 

30 

28.8 

1 

0.8 

0.4 

0 

1 

1 

0 

0 

1 

1.4 

0 

0 

1 

2 

2 

2 

2 

2 

0 

0 

2 

2.4 

0 

0 

2 

3 

2 

0 

1 

3 

6 

14 

1 

4 

7 

1 

1 

4 

3 

1 

1 

4.4 

4 

3 

1 

6 

0 

3 

1 

8 

2 

4.5 

1 

11 

0 

3 

1 

14 

54 

3.8 

1 

29 

140 
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Specimen I 2 3 

■ V — 

Exercise 

Fig. 3. Effect of Exercise on the Incidence of Red 
Blood Cells in the Urine. 

number of white blood cells and renal epithelial 
cells exceed the upper limit of normal (Addis). 
Return to low levels occurred in every instance, 
usually within three hours. 

Exercise produced a great increase in the num- 
ber of casts found in the urine, Figure 5. In ev- 
ery observation the number of casts excreted dur- 
ing exercise greatly exceeded the upper limit of 
normal. The casts were largely hyaline, but 
occasional granular casts were encountered. hiO 
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cdlular or blood casts were found. The increase 
in the number of casts excreted persisted for as 
long as hvelve hours after cessation of activity. 

VECt EEC. 
iooo/hr. 



Fig. 4. Eftect of Exercise ox the R.\te of Exceetiox 
OF White Blood Cells and Rexal Efitff.t.tum 
IX Normal Urine. 



Fig. 5. Effect of Exercise ox the Rate of Cast 
Exceetiox. 

CONCLUSION 

_ Vigorous exercise produces a marked increase 
’n the rate of excretion of hyaline casts, a mod- 
erate increase in the rate of excretion of white 
lood cells and renal epithelial cells but no change 


in the rate of excretion of red blood cells. Re- 
covery occurs within a few hours after activity is 
curtailed. 
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The principal mechanism in the production of 
edema in heart failure has been considered to be 
an increase in the capillary pressure (1, 2). Ad- 
ditional factors, possibly of minor importance, are 
increased capillary permeability due to anoxemia 
and slight lowering of plasma colloidal osmotic 
pressure as a result of decrease of plasma pro- 
teins, These have been emphasized by Landis 
and Krogh (3, 4). The general opinion, how- 
ever, is that lowered colloidal osmotic pressure is 
not a constant finding in heart disease (5), Lan- 
dis (3, 4) demonstrated increased protein filtra- 
tion in the capillaries of the frog mesentery after 
oxygen deprivation, and by indirect methods 
showed the same thing in the arm in man. The 
protein content of the transudate in Landis’ ex- 
periments averaged 1.5 per cent, Vancura (20) 
presents analyses in support of the idea that there 
is considerable increase in permeability of the 
capillary wall to protein in chronic heart disease, 
Haas (6) attributes edema formation to dis- 
turbances in the “ vital function ” of the capil- 
lary endothelium with consequent alterations in 
permeability. He states that in circulatory edema 
the protein content of the fluid varies directly 
with the extent of the edema. Drinker (7, 8) 
believes that the normal capillary transudate is 
similar to lymph in composition, containing 1 to 
4 per cent of protein. He also states that the 
lymph flow in circulatory edema is even greater 
than normal, the capillary filtrate presumably 
changing but little in composition. 

Because of the high protein values for capillary 
transudate in normals (Drinker), after congestion 
and anoxemia (Landis), and because of the vari- 
ation in many of the reported figures on cardiac 
edema 'fluid, most of which were obtained by 
methods not now considered reliable, a reinvesti- 

1 Supported by a grant from the Rockefeller Fluid Re- 
search Fund. 


gation of the protein content of the fluid seemed 
likely to be of interest. 

The reported analyses of the protein content of 
subcutaneous edema fluids in heart disease are 
shown in Table I. 

TABLE I 

Reported analyses of the protein content of subcutaneous 
edema fluids in heart disease 


Protein 
per cent 

Hoppe (9) 36 

Reuss (10) (heat and acid pptn.) 1.15 

.52 

.56 

Senator (II) (heat and acid pptn. — 4 
cases) 20 


.20 

.16 

.28 

.35 

.34 

.49 

.56 

.60 

.58 

.93 

.50 

.27 

.10 

.13 

Hoffman (12) (alcohol pptn.) 06 

.12 

.17 

.17 

.23 

.27 

.27 

.3 

.41 

.43 

.44 

.55 

2.08 

Epstein (13) 462 

!l0 

Falta (14) (Kjeldahl N X 6.25) 14 

• i*J 

.19 

.29 

Vancura (20) Average (? refractometric) -610 

Beckmann (15) (refractometric) 65 

.60 

.60 

.70 

.37 

.34 
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TABLE I — continued 


TABLZ n 


Protein 

percer.t 

.49 

.42 

.64 

.71 

.41 

.37 

1.02 

1.18 

.35 

Fodor and Fischer (16) (Kjeldahl) 16 

.34 

Salveson and Linder (17) (Kjeldahl) ... .24 

■P 

* (jollwitaer-Meier (18) (refractometric) . .70 

.‘lO 

Landis (3) -39 

.09 

Kylin (19) (refractometric — 3 cases) 47 

.47 

.44 

.50 

.42 

.24 

.45 

.55 

.77 

Haas (6) (Bang micro method) 187 

.237 

.062 

.025 


METHOD 

For the present analyses the edema fluid was 
collected by means of Southey tubes from the 
legs of patients who had congestive heart failure 
but no significant degree of anemia or renal fail- 
ure. Blood samples were taken simultaneously 
for protein and other determinations. Protein 
nitrogen determinations were made in duplicate 
using Howe’s (21) method. Because of the 
small quantity of protein in the fluids fractional 
precipitation was not attempted, but a number of 
the fluids mixed with 22.2 per cent sodium sulfate 
(Howe) gave no precipitate or at most a very' 
faint turbidity indicating an almost complete ab- 
sence of globulin by this method of testing. 

The results obtained from the analyses of 26 
fluids from the same number of patients are given 
in Table II. 

The plasma protein values are lower than nor- 
mal and are of the same order as those reported 
in heart disease by Payme and Peters (22), 
While the protein \'alues for the edema fluid show 
considerable variation, they tend to be lower than 
most of those prewously reported except for a 


Plasma protein and edema fluid protein from 26 patients 


Patient 

Tlzsmz protein 

Edema field protein 


grams per 100 cc* 

grams per 100 cc* 

1 

5.76 

.16 

2 

4.95 

.14 

3 

629 

.08 

4 

5.14 

.12 

5 


54 

6 

5.92 

.05 

7 

55 

.07 

8 

5^ 

.13 

9 

62 

24 

10 

5.94 

20 

11 


.14 

12 


53 

13 

4.73 

.03 

14 

5.7 

V .19 

15 

5.01 

' .11 

16 

4.85 

21 

17 

5.7 

.10 

18 

6.06 

.36 

19 

6.02 

.05 

20 

5.09 

50 

21 

5.49 

.43 

•22 

5.02 

2S 

23 

6.41 

-35 

24 


56 

25 


.14 

26 


22 

*N X625. 




few Kjeldahl analyses. No relation was noted 
between either the duration or the extent of the 
edema and the protein content of the fluid. The 
low protein content of the fluid would indicate 
that the degree of capillary damage in the patients 
studied is insufficient to permit the passage of 
more than negligible amoimts of plasma proteins, 
and therefore is of little importance as a factor 
in the production of edema in heart disease. In 
edematous patients, at least, the fluid in contact 
with the capillary wall is probably' of the same 
composition as that removed through the Southey 
tubes, and this " tissue fluid ” thus differs mark- 
edly' from the ly-mph analyzed by Drinker, and 
also from the presumptive composition of the 
capillary' transudate estimated indirectly by Lan- 
dis from his experiments on the effect of venous 
congestion. This agrees with the idea of Krogh, 
Landis, and Turner (4) who believe that the fluid 
bathing the capillaries is of low protein content 
although it may become more concentrated in pro- 
tein as it approaches the lymph channels. 

It is also to be expected that such small quanti- 
ties of protein v,'OuId exert no significant colloidal 
osmotic pressure to counteract that of the blood 
proteins, and that the effective colloidal osmotic 
pressure between the intracapillary and cortracapil- 
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lary fluids in edematous patients would approach 
but not quite equal that between plasma and its 
protein-free filtrate as measured in vitro. 

SUMMARY 

1. Concentrations of protein in subcutaneous 
edema fluids from 26 patients with congestive 
heart failure varied from 0.03 to 0.54 per cent 
with a mean value of 0.21 per cent. 

2. The low protein concentration in cardiac 
edema fluids indicates that the factor of capillary 
damage from anoxemia or other cause is not of 
importance in the production of cardiac edema. 
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Evaluation of the significance of calorigenic re- 
sponses obtained by the assay of constituents of 
the thyroid in myxedematous persons is fraught 
with difficultj'. The questions of absorption, ex- 
cretion and destruction of the material admini- 
stered all intrude to plague the investigator. The 
role of physical properties such as solubilitj' or 
optical actiHty must be identified. The possibil- 
ity of enhancement of physiologic potency brought 
about by alteration in physical state has been men- 
tioned in previous communications (1) (2). In 
the first paper of this series ( 1 ) it was shown that 
racemic crystalline thyroxin and optically active 
thyroxin polypeptide had equal calorigenic activity 
when given in equal iodine dosage. 

To settle, if possible, the single point of the part 
played by optical activity the present study was 
undertaken. We are indebted to Professor C. R. 
Harington for a supply of pure crystalline d- and 
l-thyroxin (3). The substances have been as- 
sayed on myxedema patients in the manner de- 
scribed in earlier papers (1) (2). The results 
are shown graphically in Figure 1. A curve 
which represents the average response obtained in 
five myxedema patients receiving 1.0 mgm. of 
thyroxin polypeptide (50 per cent iodine) per day 
by mouth is also included in this figure in order 
to indicate the standard response to 0.5 mgm. of 
thyroid iodine daily. 

Special care was taken to avoid racemization of 
the optically active material. The weighed micro- 
ciy'stalHne powder was dissolved in cold 0.01 nor- 
mal sodium hydroxide, of which 6 cc. were used 
per milligram of iodine. Three cubic centimeters 
of the freshly prepared thyroxin solution were 
measured into sterile ampoules. To each ampoule 
was added 1 cc. of distilled water and enough 
fifth-normal orthophosphoric acid to bring the 
reaction of the solution to pH 6.5. The ampoules 
were then stoppered with special “ bacteriologi- 
oal ” rubber caps, shaken to disperse the preapi- 
tated thyroxin, and heated at 80° C. for ten 


minutes. They were then kept iced imtil used- 
Three or four such ampoules were prepared at 
once, to be used on successive days. Immediately 
before injection, one-half cubic centimeter of cold 
tenth-normal sodium hydroxide was added by 
means of a sterile sj-ringe and the thyToxin again 
dissolved by shaking. 
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Fig. 1. 

The calorigenic responses in two patients with spon- 
taneous myxedema receiving a daily intravenous dose of 
0.75 mgm. of /-thyroxin (light solid lines), and of three 
patients receiving a daily intravenous dose of 0,75 mgm. 
of d-thyroxin (interrupted lines). The soh'd cuiwe rep- 
resents the composite of five assays of thjToxin poly- 
peptide given in daily oral doses containing an equiva- 
lent amount of iodine, namely 0.5 mgm. 

In this way, the racemizing effects of heat, 
alkali, and strong acid were kept at a minimum. 
These precautions are as rigorous as those used 
by Harington and Salter (4) in the isolation of 
/-thyToxin. 

Two assays were obtained with /-thyroxin and 
three vrith d-thyroxin. The subjects were all un- 
treated cases of spontaneous myxedema, none of 
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whom were used for more than one assay. Each 
preparation was given intravenously once daily in 
doses of 0.75 mgm. daily this being equivalent in 
iodine content to the 1.0 mgm. of the control poly- 
peptide assays. 

The two ^-thyroxin assays and two of the d- 
thyroxin assays are sufficiently close to the control 
curve to be considered to represent identical re- 
sponses. One of these two patients receiving d- 
thyroxin also received desiccated thyroid, 3.75 
grains daily by mouth (0.5 mgm. organic iodine) 
at the end of the series of thyroxin injections. 
The metabolism rose from minus 15 per cent to 
0 per cent in six days, but the slope of the curve 
remained the same. The third patient receiving 
c?-thyroxin began to make a standard response, the 
metabolism reaching minus 8 per cent on the 
eleventh day, but subsequent!}'- dropped to minus 
28 per cent on the fourteenth day. When desic- 
cated thyroid 3.75 grains daily (0.5 mgm. organic 
iodine), was substituted two days after the last 
thyroxin injection, the metabolism changed rela- 
tively little, reaching minus 18 per cent after 
seven days of medication. Consequently the low 
response yielded by this patient receiving the 
dextrorotatory isomer may be discounted as due 
to some peculiarity inherent in the patient and not 
in the substance assayed. These measurements 
seem to indicate that the response of myxedema 
patients to either optical isomer of thyroxin is 
essentially identical. 

COMMENT 

This series (1) (2) (4) (6) of observations 
was begun in an attempt to explain the high meta- 
bolic potency of thyroglobulin in which thyroxin 
itself may constitute only a minor portion of the 
total iodine. It was originally suspected that pep- 
tide linkage and optical activity (4) (7) might be 
the chief factors involved in the high potency of 
the natural hormone. As previously reported 
(1), thyroxin in natural peptide combination 
failed to show unexpectedly high activity. This 
result has been confirmed by obserr'ations to be 
reported elsewhere upon racemic glycyl thyroxin 
(8) kindly donated by Harington. These syn- 
thetic products embodying peptide linkage and 
optical activity have enabled us to analyze the 
effects of the two characteristics separately. 
Neither of these chemical relationships has been 


found to alter significantly the activity of thy- 
roxin provided that absorption was ensured by 
parenteral administration. 

It has become evident, however, that the ob- 
served potency of the drug depends to a consider- 
able extent upon the mode of assay. For exam- 
ple, it has been known for a long time (9) that 
the intact thyroid tends to trap iodine if the latter 
is in excess and to withold it from the systemic 
circulation. Similarly Schittenhelm and Eisler 
have shown (10) (11) that when a single large 
dose of thyroxin is administered, much of the 
iodine is excreted in the first forty-eight hours. 
Such a condition is obviously abnormal, and one 
is constantly faced with the question: does our 
assay represent a physiological potency, or is it 
merely the expression of the net result of an 
experiment under complex pharmacological con- 
ditions? Assays of thyroid activity have been 
made both in man (1) (2) and in animals (13) 
by the method of massive dosage. Such proce- 
dures, we believe, induce disturbances of body 
mechanisms, which are foreign both to the physi- 
ological behavior of mammals and to ordinary 
routine clinical conditions. Such abnormally 
planned procedures, it would seem, have tended 
to mislead us not only as to the action of the 
thyroid hormone under normal conditions but also 
as to its effect in the usual cases of myxedema as 
treated in present-day clinics. 

Criticism on the grounds mentioned above is 
avoided by the method of assay here employed, 
which consists of the administration of a uniform 
daily dose of thyroid material at a rate calculated 
to restore the patient to a nearly normal state in 
some two weeks’ time. This is a therapeutic pro- 
gram in use in many clinics at the present date. 
Certain it is, that this procedure resembles the 
usual clinical methods of thyroid therapy more 
closely than does the administration of massive 
single doses of the drug. 

The results here reported are at variance with 
assays in the literature which show that the levo- 
rotatory isomer is several times as potent as the 
dextrorotatory. Of these researches we select 
for comment only one, that of Gaddum (13), be- 
cause the assays were made with the identical 
preparation used by us and supplied by Haring- 
ton. His obser\’ations, made upon normal rats to 
which single large doses of thyroxin (d- or re- 
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spectively) \yere administered, showed the I- com- 
pound to be about three times as active as the d- 
isomer. The difference between his results and 
ours, we believe, may be explained upon several 
grounds. In the first place, the animals pos- 
sessed an intact thyroid apparatus which nught 
trap newly-administered iodine, and which might 
fluctuate in activity. Secondly, the drug was ad- 
ministered in a single massive dose (4 to 10 mgm. 
of th 3 Toxin per kilo) as against our dailj'’ dose in 
man of 0.01 mgm. per kilo) so that rates of ex- 
cretion and destruction of the drug would plaj' 
important roles in determining the duration and 
height of the responses. In fact, according to 
Gaddmn’s own data, the discrepancy between the 
tw’o isomers became smaller vdth smaller doses 
than with larger doses. Whether the difference 
in species contributed to the discrepancy we do 
not know. We merely conclude that such ob- 
servations, however valid as laboratory- experi- 
ments, can not be e.xpected to apply quantitatively 
to the reaction of the human case of myTcedema. 

CONCLUSIONS 

When assayed by a method designed to repro- 
duce approximately both physiological and ordi- 
nary" clinical conditions, d- and /-thyroxin were 
found to have essentially^ identical potencies in 
relieving human myxedema. 

This fact lends additional support to the thesis 
that the high potency of thyroglobulin is not due 
to a super-active form of thyroxin. 
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Clinical disturbances incident to mild deficiency 
of vitamin B ^ in the diet, as opposed to frank 
deficiencies such as beriberi and pellagra, are com- 
monly believed to be very rare in man and are 
thought to occur only when the diet is grossly ab- 
normal or when there is serious interference with 
absorption from the gastro-intestinal tract. Cer- 
tain observations made in this Gastro-intestinal 
Section, however, have suggested that clinical evi- 
dences of such partial deficiency may develop on 


given for the first five months a diet moderately 
deficient in vitamin B though adequate in every 
other known requirement and the effects of this 
diet were studied. When clinical signs suggestive 
of deficiency were manifest, various vitamin B 
fractions were added to the diet, in series, and the 
effects of their administration studied. The sec- 
ond patient (Case 2), who entered the hospital 
with fully developed clinical evidence of defi- 
ciency, was likewise placed on a diet restricted in 


Cereals 

Cream of wheat 
Rice 

White cornmeal 


TABLE I 


Chart showing articles composing the diet deficient in the vitamin B complex 


Meat 

Lamb 

Veal 

Beef (50 grams twice weekly) 


Vegetables 
Potatoes: white 
sweet 


Turnips 

Corn 

Spinach 

Onion 

Beets 

Cabbage 

Rutabaga 

Carrots 


I Boiled 2 hours 


Fruit 

Orange juice: 100 grams daily 

Apple 

Pear 

Grape 

Cocoanut 


Fats 

Butter 

Cod liver oil: 10 grams daily 
Lard 


Pastry and desserts 
Jello 

Pie; apple 
pear 

Cake \ with white flour 
Biscuits / and without milk or egg 
Jelly: grape 
apple 


Beverages 

Tea 

Coffee 


Seasonings as desired 
Chocolate, cinnamon, 
molasses, salt, etc. 


a diet which is not obviously abnormal and in the 
absence of serious gastro-intestinal disease. Ex- 
periments to test this hypothesis were carried out 
on two patients, one of whom (Case 1) was hos- 
pitalized for approximately a year. She was 


1 Aided by a grant from the Faculty Research Commit- 
ee of the University of Pennsylvania. _ - 

- The term vitamin B as used in this paper includes a 
nembers of the vitamin B complex; individual members 
tre referred to as B., B, (G), and the “additional fac- 
ors ’’ : Bi, Be, and factor Y. 


its content of vitamin B and was studied during 
the addition to it of separate vitamin B fractions. 

METHODS OF STUDY 

The articles of which the experimental diet was 
composed are recorded in Table I.^ 

s The vitamin Bi content of the diet for Case 1 was 
calculated by Dr. George Cowgill according to a formu a 
of his as yet unpublished, and was found to contain ap- 
proximately one-half of the theoretical vitamin Bi rc 
quirement. 
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All food was weighed. Caloric, fluid and pro- 
tein intake was constant throughout the entire ex- 
periment, the latter intake amounting to 49 grams 
per day for Case 1, and 68 grams for Case 2. 
Daily output of urine was measured. S 3 'mptoms 
and physical signs were recorded daily*. Mouth 
temperature w’as taken morning and evening. 
The patients were weighed daily* under standard 
conditions on a balance accurate to within 8 
grams. Nitrogen balance was determined during 
2 three-day periods, both food and excreta being 
analyzed. Roentgen examination of the gastro- 
intestinal tract was made at the beginning and 
end of each experimental period ; obser\*ations of 
the level and tone of the stomach, of the type of 
peristalsis, and of the motility throughout the 
small intestine and colon were made every* two 
hours for six hours. Fractional gastric analy*ses 
were carried out using oatmeal gruel as the test 
meal. Exercise tolerance tests (1) were per- 
formed during each experimental period. Blood 
pressure and pulse rate were measured under ba- 
sal conditions and repeated on standing and after 
climbing 54 steps at maximal speed. Serum 
protein analyses, enumeration of red blood cells, 
emoglobin estimations (2) and hematocrit read- 
mgs, carried out under conditions which insured 
complete packing of cells, were made weekly*. 

cnous pressure was measured from accessible 
''cins on the dorsum of the hand by the indirect 
method of Krogh, Turner and Landis (3). De- 
fcrnunation of capillary permeability was made in 
a ^ height of the edema using the pro- 

^ ures described by Landis, Jonas, Angev’ine and 
^ (4). Respiratory* quotient, basal metabolic 
rate, electrocardiograms, orthodiagrams, tests of 
rcn function, platelet coimts, sugar tolerance 
csts and estimations of coagulation time were 
routine hospital laboratories, 
c wtamin substance * was prepared as an 
.per cent alcoholic extract of wheat embryo ac- 
or mg to the method of Bourquin and Sherman 
Using the rat growth method of biological 
q{l^' extract was found to be free of 

min fractions and to be potent in vita- 

_ ^ ^ ec. of the extract containing approxi- 

materials were prepared and assayed in the 
Physiological Chemistry under the direc- 
Joties, to whom acknowledgement is 

Et-atcfully made. 


mately 21 Sherman units. The required dose of 
this substance for Case 1, 11.3 cc., was calodated 
from the optimal dose in rats on the basis of 
relative caloric requirements. To be certain of 
adequate dosage 20 cc. were given daily for 3 
weeks, after which the daily dose was increased 
to 40 cc. The vitamin B, concentrate was .made 
from egg white by the method of Chick, Copping 
and Roscoe (7). It was found to be potent in 
vitamin B, and free of other vitamin fractions. 
The calculated human dose was first doubled, 60 
cc. of the extract being given daily for 2 weeks, 
and then increased to 120 cc. for the remainder 
of the experiment. Powdered brewer’s yeast 
concentrate® prepared by a modification of the 
Osborne and Wakeman method (8) and known 
to contain factors in addition to vitamins B^ and 
B; necessary for maximal growth in the rat 
(Figure 2) was used as a source of additional B 
factors. An arbitrary dose of 6 tablespoonfuls 
was given daily. An extract of rice polishings 
suitable for parenteral use,® sho-wn (9) to be a 
potent source of vitamin Bj was used for a short 
time in Case 2 ; the daily dose employed varied 
from 2 to 4 cc. 

raoxocoL 

Case 1. A woman, 56 years old, 158 cm. tall, weigh- 
ing 57.2 kilos, had been admitted one j'ear prior to hos- 
pitalization as an out-patient to this Section, complaining 
of anorexia, sore tongue, asthenia, paresthesias in the 
lower extremities, dyspnea and vertigo. She at that 
time gave a history of voluntary restriaion of diet for 
10 years and, as described elsewhere (10), had a bald 
tongue, exaggerated patellar reflexes, impaired vibratory 
sensation and edema of the lower extremities. Blood 
studies and gastric analysis were negative. "WTioIe yeast 
concentrate was administered at that time for 6 weeks, 
following which the patient had become symptom free 
and was then without physical signs except exaggerated 
reflexes and diminished vibratory sensation in the lower 
extremities. She had continued in good health through- 
out the remainder of that year. It was then decided to 
determine the effect of moderate limitation of diet at 
home. This was done for 6 weeks prior to hospitaliza- 
tion with the result that on admission some impairment 
of appetite, slight intermittent edema of the ankles, and 
occasional sore tongue were manifesL The strict ex- 
perimental diet was begun immediately upon admissica, 

® Obtained from the Harris Laboratories, Tuclrahoe, 
New York. 

® This material was kindly supplied through the cour- 
tesy of Dr. A. \V. Rhodehamel of the Eli Lilly Restarcli 
Laboratories. 
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May 17, 1933, and was continued until March 29, 1934. 
For a period of 21 days in August 1933 she was away 
from the hospital but continued the diet. The times at 
which the various vitamin fractions were added to the 
diet together with various other data from the case may 
be seen in Figure 1. 


ently been taking an adequate diet in addition to con- 
siderable quantities of beer, but had induced vomiting 
several times weekly to relieve abdominal distress. Con- 
stipation persisted, and dyspnea, vertigo, palpitation and 
edema had developed. Cardiac and renal studies were 
negative. Free hydrochloric acid was obtained from the 
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Fig. 1. Case 1. Changes in Weight, Edema and Serum Protein on Vitamin B Deficient 
Diet and Following Administration of Vitamin B Fractions. 

Arrows at the top of the chart indicate doubled dosage of vitamin Bi and B- preparations 
respectively. Daily intake of fat and carbohydrate in grams is recorded at the bottom of the 
chart. 


Case 2. A man aged S3 years, weighing 65.1 kilos at 
the beginning of observation, had had a long history prior 
to this admission. In 1924, when first seen in the hos- 
pital, he complained of epigastric discomfort after eating, 
and of nausea, vomiting and constipation. Roentgeno- 
logical study at that time revealed extensive gastric poly- 
posis and repeated examinations subsequently showed no 
change. Gastric analysis, routine blood examinations and 
all other laboratory studies were negative in 1924. In 
1927 the symptoms had not changed, except that epi- 
gastric distress had become sufficiently^ severe to cause 
the patient to induce vomiting. All studies were negative 
except those of the blood, which showed red cells num- 
bering 3,450,000 and hemoglobin of 85 per cent. In 1930 
the patient again entered the hospital. He had appar- 


stomach only after histamine. Peripheral reflexes were 
exaggerated. Red blood cells numbered 3,000,000; the 
hemoglobin was 64 per cent. On November 13, 1933, he 
was again admitted to the hospital because of alternate 
attacks of constipation and diarrhea, the latter persisting 
several weeks at a time, with 10 or more movements 
daily. His appetite was good, although his dietary hab- 
its, the induced vomiting, and the epigastric discomfort 
were unchanged. Dyspnea, palpitation and vertigo had 
increased. He complained of being easily fatigued. iThe 
tongue was smooth and red. Edema extended to the 
knees. Tests of renal function and orthodiagram were 
negative. An electrocardiogram showed moderate tachy- 
cardia. Blood pressure was 102/68. He complained of 
“crawling sensations” in the feet and legs. Reflexes 
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were exaggerated and vibratory sensation greatly im- 
paired in the lower extremities. Other neurological find- 
ings were normal. Gastric acid was present in moderate 
amounts without histamine. Red blood cell count was 
3,700,000 with hemoglobin of 75 per cent Serum protein 
u-as 4.97 grams per 100 cc. blood. Blood sugar deter- 
minations and glucose tolerance tests gave normal fig- 
ures. He remained on the regular ward routine for 19 
days, during which time no change occurred in symp- 
tomatology, physical signs or laboratorj* findings. Fol- 
lowing this period the experimental observations were 
begun (see Figure 6). Diarrhea, induced by sulphates 
used in preparation of the egg white extract, made it 
necessary to discontinue the administration of that sub- 
stance. Yeast therapy was begun immediately and the 
patient was therefore not observed on vitamin Bi and Bi 
therapy alone. The B: content of the yeast was supple- 
mented by 5 eggs daily. Believing that there might be 
interference with absorption from the gastro-intestinal 
tract the vitamin Bi preparation for parenteral use de- 
scribed above was given intravenously. After 7 weeks 
on the experimental regime he left the hospital, continu- 
ing the diet and vitamin therapy. He returned 3 times 
weekly for observation and intravenous administration of 
the vitamin Bi preparation. 

RESULTS 

Case 1. The symptoms and physical signs 
which developed in the course of the experiment 
are outlined in Table II. All of the findings 
listed in the period “ deficient diet ” had developed 
within the first 5 weeks of that period, after which 


there was a gradual increase in their severitj-. 
During the period of deficient diet plus adminis- 
tration of n’tamin improvement was first ob- 
served 2 weeks after therapy was begun. Mid- 
way in this period the patient developed an acute 
upper respiratory<- infection accompanied b}* fever. 
All manifestations of defidencj* became aggra- 
vated in spite of increased dosage of the vitamin 
preparation. After subsidence of the infection 
the improvement noted during the first 2 weeks 
returned. Attention is directed to the fact that 
improvement during administration of n'tamin 
and of vitamin B^ and B, was not continued in 
certain respects during the end of the latter period 
and was resumed only when yeast was added to 
the diet. It is to be noted, also, that sjmiptoms 
of anorexia and epigastric distress v,'ere reliei'ed 
only when therapy with }'east was begun. 

Data relating to body weight, edema and serum 
protein are presented in Figure 1. It is worthy 
of note that during the period of idtamin defi- 
ciency the body weight decreased while the edema 
increased, whereas during the periods of vitamin 
administration increase of weight was accompa- 
m'ed by a disappearance of edema. Serum pro- 
tein remained above the critical level for edema 
throughout the entire experiment, but an increase 
was observed during full ritamin therap}*. Nitro- 


t.^ble n 


Symptoms and physical signs present in Case 1 at Ike conclusion of each experimental period 



Pre-hospifal 
pcricxi 
(6 weeks) 

Deficient diet 

(21 weeks) 

Deficient diet -f* Bj 

(12 weeks) 

Defideat diet 
-r B: and B* 

(4 week*) 

Deficient diet 
-r Bj -r B* -r j'east 
(8 weeks) 

Asthenia 


Moderate 

Improved 

No change, later 
increased 

•Absent 

Soretonpiip - . . 

Slight 

1 Severe 

Severe 

Absent 

Absent 

Anorexia . . 

Moderate 

Severe 

Very severe 

Very severe 

Slight 


Severe 

' Very severe 

Veo' severe 

Absent 

^nstipation 


Severe 

! Very severe 

Slight improvement 

.Absent 

kains in extremities 


Frequent and 
severe 

Less frequent, less 
severe 

No change, later 
increased 

Infrequent 

Paresthesias . _ . . . 


Frequent 

Less frequent 

No change, later 
increased 

Infrequent 

■^'’®rage temperature, 

98 ; 

97.2 

98 

98.1 

9S.2 

Tongue. . . . 


Smooth 

Partial regeneration 
papillae 

Normal 

Normal 

Pallor. . 


Pronounced 

Absent 

.Absent 

Absent 

^^h^moses . 


Numerous* 

Absent j 

.Absent, later scat- 
tered 

Decreased 

Absent 

Edema . . 


Extensive 

Decreased 

.Absent 

kefie.xes. . . 

Eixaggerated 

Kxa?verated i 

Exaggerated 

Less e-xaggerated 

Less exaggerated 

Vibrator^' sensation, . . 

Lost except over in- 
ternal malleoli 

Lost 

Perceived over ex- 
ternal malleoli 

Norma! 


* EcchjTnoses \-aried from I to 2 cm. in diameter; they were distributed over forearms and legs. 
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gen balance was found positive when vitamin 
was added to the deficient diet. The striking gain 
in weight observed when the deficient diet and 
vitamin and Bj preparations were supple- 
mented by yeast was duplicated in rats rendered 
vitamin B deficient on a Sherman basal diet (5) 
and to which the same preparations were fed in 
analogous dosage (see Figure 2). 


Red blood cell enumeration, hemoglobin and 
hematocrit readings made throughout the entire 
experiment are shown in Figure 3, Platelet 
counts were normal, as was bleeding time. Clot- 
ting time, determined on 2 occasions during defi- 
ciency, averaged 13 minutes j at the end of vitamin 
therapy it was 7 minutes. 

Blood pressure changes following standard ex- 



Fig. 2. Weight Curves of Rats Receiving a Sherman Basal Diet Free of Vitamin B Supple- 
mented BY Wheat Embryo, Egg White and Yeast. 

Broken lines indicate growth of animals receiving doubled dosage of egg white. 


Venous pressure in Case 1 was between 7 and 
10 cm. of water. Measurements of the volume 
of fluid lost through the capillary wall were made 
at venous pressure of 67 mm. mercury and the 
protein content of this fluid calculated. The av- 
erage calculated volume of fluid filtered in 6 ex- 
periments was 10.5 cc. per 100 cc. blood. The 
average amount of protein in this filtrate was 1.5 
gram per 100 cc. These results fall within the 
normal limits observed by Landis et al. (4), hence 
they provide no evidence of increased capillary 
permeability. 


ercise are shown in Figure 4. Preliminary con- 
trol readings showed a variation of 5 mm. mer- 
cury under the standard conditions of the test. 
The difference in blood pressure before and after 
vitamin therapy is most clearly seen in the read- 
ing obtained after exercise. Systolic pressure at 
the end of the deficient period fell 10 minutes af- 
ter exercise to 88 mm. mercury but after vitamin 
therapy it fell only to 130 mm. mercury. 

Electrocardiogram, orthodiagram and tests of 
renal function were negative. 

The results of roentgen examination of the 
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jastro-intestinal tract are recorded diagrammati- 
ally in Figure 5. Gastric atony is represented 
by failure of the stomach to support the column 
if barium well into the fundus. This was noted 


marked increase of motility in the small intestine ; 
at the end of turn hours there was only a small 
gastric residue, the head of the meal had reached 
the ceciun, the majority of it being in the ileum ; 
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Fig. 3. Case 1. Changes in Hemoglobin, Cell Volume and Number of Red Blood Cells 
ON Vitamin B Deficient Diet and Following Administration of Vitamin B Fractions. 
Arrows at the top of the chart indicate doubled dosage of vitamin Bj and B- preparations 
respectively. 


Jn increasing extent until after the conclusion 
of the administration of vitamin Bj and B,. 
Throughout these periods peristalsis was infre- 
quent, and the waves were shallow; at the end 
of Uvo hours over one-half the meal still remained 
in the stomach ; stasis in the small intestine was 
evident six hours after giving the barium meal. 
After yeast therapy there was distinct improve- 
ment in gastric tone ; the stomach was more globu- 
lar in shape and supported the column of barium 
v.’ell into the fundus ; peristalsis was active and 
produced prompt emptying of the stomach; ten 
minutes after gi\-ing the barium meal considerable 
material had passed into the duodenum and had 
progressed well into the jejunum; tliere was a 


colonic motih'ty was increased, the meal haring 
advanced to the splem'c flexure at the end of four 
hours. These changes in the gastro-intestinal 
tract seen by fluoroscope took place at the. time 
that the patient noticed relief from epigastric 
distress, a return of appetite and relief from 
constipation. 

Gastric analysis at the end of the defident pe- 
riod gave normal -values for add. 

Blood sugar on two occasions during defidency 
averaged S3 mgm. per 100 cc. blood. Glucose 
tolerance test gave normal figures. Respiratoiy 
quotient, determined -vrith the patient at rest, was 
0.77 and 0.78. After 11 days on a high carbo- 
hydrate diet the quotient was 0.8S. At the end 
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of combined vitamin therapy it was 0.72. Basal 
metabolic rate was normal throughout the entire 
experiment. 


4 kilos on addition of yeast to the diet, on tli 
other hand, has been maintained. Anemia di 
not improve during the control period (see Fig 
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Fig. 4. Case 1. Variations in Diastolic and Systolic Blood Pressure, While at Rest, After Assum- 
ing a Standing Position, and After Ramd Ascent uf 54 Steps, While on the Vitamin B Deficient Diet, 
AND During the Administration of Vitamin B Fractions. >. 

Each point in a continuous line represents successive readings at 1 minute intervals for S minutes. An addi- 
tional reading was made at the end of 10 minutes after exercise. 


Case 2. In Figure 6A are shown the results 
of observations of serum protein, weight, and 
edema. Total serum protein at' the end of the 
control period was 4.46 grams per 100 cc. blood. 
Colloid osmotic pressure of the serum calculated 
according to the formula of Govaerts (11) (12) 
was 16.2 mm. mercury. When edema first de- 
creased the total protein was 5.17 grams per 100 
cc. blood, and when edema was negligible 5.50 
grams per 100 cc. blood. The calculated osmotic 
pressure of the serum at this time was 20.2 mm. 
mercury. Three and one-half months later, a 
reading subsequent to the last one recorded on 
the chart, the serum protein was 6.6 grams per 
100 cc. blood and the osmotic pressure 27.2 mm. 
mercury. Increase of weight on the control diet 
was coincident with increasing edema. Decline 
in weight following administration of vitamin 
occurred with rapid loss of edema. The gain of 


ure 6B). Volume index at this time was 1.14, 
color index 1.10. During therapy with vitamin 
there was an increase in hemoglobin, erythro- 
cytes and cell volume, but no significant change in 
volume or color indexes. At the end of 3 months 
of vitamin and yeast therapy the erythrocytes 
had increased in number by 34 per cent, the vol- 
ume index was 0.89 and the color index 0.90. 
Pulse rate, systolic and diastolic pressures were 
taken under the standard conditions of exercise 
used with Case 1 (see Figure 7). The most 
striking result was a fall in resting pulse rate. 
Systolic and diastolic pressures increased slightly 
at the same time that the pulse rate decreased. 
The tongue remained smooth and red throughout 
administration of vitamin B^. One week follow- 
ing the addition of yeast, regeneration of papillae 
was evident and at the end of two weeks the 
tongue was entirely normal in appearance. Flu- 
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oroscopic examination of the gastro-intestinal 
tract during the control period showed the same 
marked, irregular filling defect of the stomach 
noted in 1924 and believed to be due to gastric 
polyposis. The stomach was hypertonic; peri- 


implication is clear that definite changes in either 
the absorption or utilization of food-stuff must 
have taken place. The fact that serum protein 
increased during vitamin therapy* although the 
protein intake remained constant may be attrib- 



Fig. S. Case 1. DiACRAiiiiATic Refeesextatiox of Roextgex Appeaeaxcz of the Gasteo-ixtes- 
tixal Tract During the Different Experiment.al Periods, 10 iliNuiES, 2, 4 and 6 Hou?.s After 
A Barium Meae. 

stalsis was active and produced deep segmenta- uted to ■\'arious factors, namely, to increased 

tion. The stomach emptied quickly and the absorption of protein, increased regeneration of 
opaque medium progressed very* rapidly through body* protein or to redistribution of body vater. 
both small and large intestines. There was no It is uniformly lound in deficiency* experiments 
'■isible change in gastro-intestinal tone or motility in animals that when separate vitamin B fractions 
sfter 3 months on combined vitamin therapy. are added to the basal diet there occurs a tempo- 

rary* increment in weight which is not maintained 
DISCUSSION necessary factors are included in the diet. 

The observed increase in weight, one of the Similar temporary increase of weight on addition 
n^ost striking results of ^-itamin therapy, deserv'es of -vitamins Bj and B. was obser\-ed in Case 1 ; 
comment. It occurred, associated with positive but this increase was not maintained until veast 
nitrogen balance, on a constant diet and in the therapy had been begun. E-^ddence was thus pre- 
face of loss of edema fluid from the body. The -i-ided that additional factors such as arc neces- 







sary in animals for maximal gain of weight were 
likewise required by this patient. That these fac- 
tors were also necessary for complete relief of 
symptoms was shown when, upon addition of 
yeast, symptoms disappeared which had returned 
toward the end of the period with vitamin and 
combined. Gastro-intestinal symptoms were 
relieved only after the addition of yeast and it 
was likewise only at this time that gastro-intestinal 
tone and motility returned to normal. 


explanation of the edema exists. After vitamin 
therapy both patients became free from edema. 
No apparent reason for this is provided by our 
studies. In Case 1, the serum protein had been 
consistently above the concentration thought to 
represent the critical level. In Case 2, the edema 
disappeared before there occurred what is re- 
garded as significant alteration in serum protein 
concentration. The permeability of the capillar)^ 
wall to protein measured by an indirect method 



Fig. 6. Case 2. 


A. Alterations in Edema, Weight and Serum Protein on Vitamin B Deficient Diet, 
AND Following Administration of Vitamin B Fractions. 

Daily intake in grams of protein, carbohydrate and fat is recorded at the bottom of the 
chart. The arrow at the top of the chart indicates the time at which the patient left the hos- 
pital. 

B. Alterations in Hemoglobin, Cell Volume and Number of Red Blood Cells. 


It is of interest that both of the patients studied 
had definite edema. In Case 2 a ready explana- 
tion is at hand in the reduced concentration of 
serum protein. In Case 1, however, no obwous 


was not increased in Case 1. Protein estimation 
carried out on edema fluid obtained from Case 2 
yielded a figure of 0.31 gram per 100 cc. which 
indicates that here likewise the capiUary wall was 
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not abnormally permeable to protein. It seems 
extremely unlikely that the observed abnormalities 
in the cardiovascular system during deficiencj', 
viz., reduction in systolic and diastolic pressures 
and tachycardia could have been responsible for 
the edema in the absence of signs of cardiac de- 
compensation and in the presence of normal ve- 
nous pressure. The fact that capillary pressure 


is usually 2 to 3 cm. water above venous pressure 

(13) permits the assumption that in these patients 
capillar}' pressure was not significantly altered and 
hence that increased filtration pressiue was not 
responsible for the edema. An imusual capacity 
of the tissues to bind sodium chloride and water 
has been postulated in cases of “wet” beriberi 

(14) . Whether such an abnormah'ty existed in 



Fig. 7. C.-^se 2. Pulse, Systolic axd Di.^stolic Blood Pressl-ee, at 
Rest, Aetes Assomixg a St.vxijixc Position', axd Attee R.»pid Asce.vt 
UP 54 Steps While ox the Vitamix B Deficient Diet and Dl'pjxg the 

AoiiixiSTR-vnox OF \'ITAMIX B pPACnoxs. 

Each point in a continuous line represents successive readings at I min- 
ute intervals for 5 minutes. An additional reading was made at the end 
of 10 minutes after exercise 
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Case 1 was tested by administering 900 cc, of nor- 
mal saline solution by mouth and observing the 
duration of the resultant gain in weight. Such 
measurements were made both at the height of 
the edema and at completion of vitamin therapy. 
Three days were required in both periods for 
elimination of the fluid. Applicability of this 
hypothesis to the present situation therefore seems 
unlikely. 

The relationship of vitamin B to anemia is not 
clear. Strauss and Castle (15) have suggested 
that some member of the vitamin B complex, after 
interaction with normal gastric juice may be the 
active food factor in prevention of pernicious ane- 
mia. They and others (16) (17) (18) have ob- 
tained remissions using various yeast extracts, 
autolyzed yeast preparations, egg white and other 
vitamin B substances. It is still uncertain, how- 
ever, which vitamin B fraction is the active factor 
in these responses. Anemia is rarely seen in beri- 
beri (19), and its occurrence is variable in pel- 
lagra. There is little evidence that anemia results 
from complete vitamin B deficiency in rats (20). 
Recently, however, Rhoads (21) induced a macro- 
cytic anemia in dogs following prolonged restric- 
tion of vitamin Bj. In the present investigation 
both patients were moderately anemic while in the 
deficient state. In Case 1 the anemia was of the 
microcytic type. Following vitamin therapy there 
was a slow regeneration of hemoglobin and red 
cells. Anemia in Case 2 was more striking. A 
tendency toward macrocytosis was observed at the 
end of the deficient state. At the conclusion of 
combined vitamin B^ and yeast therapy this tend- 
ency had disappeared. Thus in an individual. 
Case 1, whose gastro-intestinal function was nor- 
mal, induced vitamin B deficiency of 6 months 
duration failed to produce significant anemia. In 
Case 2, however, who suffered impairment in 
gastro-intestinal function, vitamin B deficiency 
was associated with anemia of macrocytic type, 
which improved following vitamin therapy. It is 
noteworthy that signs and symptoms of neuro- 
logical involvement indistinguishable from those 
of early Addisonian anemia developed in Case 1 
during the period of deficient diet and disappeared 
during vitamin administration. Similar signs 
were present in Case 2 on admission and likewise 
showed regression on vitamin therapy. 

The fact that disturbances of gastro-intestinal 


tone and motility in Case 1 developed during de- 
ficiency and disappeared after therapy justifies 
the conclusion that they are properly attributable 
to lack of vitamin B. In Case 2, pre-existing 
gastro-intestinal disease makes difficult the inter- 
pretation of effects of vitamin deficiency on the 
gastro-intestinal tract. There is ample evidence 
both in animal experiments and in clinical obser- 
vations of beriberi and pellagra that severe vita- 
min B deficiency produces disturbances in gastro- 
intestinal function. Loss of papillae from the 
tongue (21) and loss of gastric tone while on 
vitamin B deficient diets (22) have been reported 
in dogs, as has been delayed gastro-intestinal mo- 
tility in rats (23). 

A sparing action of fat on vitamin B in rats 
has been demonstrated by Evans and Lepkovsky 
(24). Conversely, exaggeration of the neuro- 
muscular manifestations of deficient dogs placed 
on a high carbohydrate diet was reported by 
Funk (25). In the light of these observations 
it is interesting that in Case 1, while on a deficient 
diet, a short period of high fat intake was accom- 
panied by some improvement in symptoms and 
diminution in edema. When the carbohydrate 
content of the diet was increased and the fat re- 
duced the improvement ceased. 

SUMMARY 

A patient, who received daily for 5 months a 
constant quantity of an experimental diet ade- 
quate except for moderate limitation of vitamin B, 
developed signs of deficiency. Clinical signs and 
laboratory evidence of altered function which de- 
veloped during deficiency disappeared following 
addition to the diet of especially prepared vitamin 
B fractions. 

A second patient developed spontaneously simi- 
lar signs of deficiency which were relieved by sim- 
ilar vitamin B therapy. 

The outstanding changes accompanying defi- 
ciency were : the appearance of definite symptoms, 
loss of weight, development of edema, fall m 
blood pressure, loss of gastro-intestinal tone and 
motility, signs of neurological involvement and in 
one patient also an increase in pulse rate and a 

macrocytic type of anemia. 

Vitamin fractions contained in yeast were nec- 
essary in addition to preparations of vitamin B, 
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and B; for complete relief from the changes 
which accompanied deficiency. 

The controlled obseiwations made upon these 
hvo indi\-iduals indicate that recognizable clinical 
signs may develop in otherwise normal persons 
when the wtamin B content of the diet is only 
moderately limited. This clinical e-indence of de- 
fidenc}' is accompanied by alterations in function, 
corresponding in many respects to changes de- 
scribed in vitamin B deficient animals. 

I wish to acknowledge the kindness of Dr. 
George Cowgill in calculating the vitamin Bi con- 
tent of the experimental diet and in the ad\'ice 
given by him at the outset of this investigation. 

I am indebted also to Dr. F. W. Sunderman for 
the serum protein analyses, to Dr. L. Jonas for 
the determinations of respirator}' quotient, and to 
Dr. P. H. Shiifer for his assistance in the fluoro- 
scopic examinations of the gastro-intestinal tract. 
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A HISTOLOGICAL STUDY OF THE ARTERIOLES OF THE MUSCLE 
AND SKIN FROM THE ARM AND LEG IN INDIVIDUALS 
WITH COARCTATION OF THE AORTA 

By ASHTON GRAYBIEL, ARTHUR W. ALLEN and PAUL D. WHITE 
(From the Cardiac Clinics and Laboratory, Massachusetts General Hospital, Boston) 


There is a form of arteriosclerosis termed dif- 
fuse hyperplastic sclerosis which is associated 
with arterial hypertension. It involves especially 
the arterioles and smaller arteries and its distribu- 
tion among the organs is characteristic. It most 
commonly affects the kidney and spleen, less com- 
monly the pancreas, liver and brain, and rarely, 
the myocardium, skin, or gastro-intestinal tract. 
Jores (1), Fahr (2), Evans (3), and Fishberg 
(4) report that it rarely if ever occurs in volun- 
tary muscle. On the other hand Kernohan, An- 
derson and Keith (5), in studying the arterioles 
of voluntary muscle from cases of benign or 
malignant hypertension, observed pronounced 
changes which included hypertrophy of the media, 
intimal proliferation, and reduction in the ratio of 
lumen to wall. Their observations were confirmed 
by Barber, Keith and Kernohan (6), and by Pil- 
cher and Schwab (7). 

The purpose of this study was to determine 
whether the pathological changes described by 
Kernohan et al. (5) are found in certain of the 
arterioles of voluntary muscle from individuals 
with coarctation of the aorta of the adult type. 
In this congenital anomaly the bearer suffers hy- 
pertension above the stenosis and hypotension be- 
low. Therefore, from the skin and muscle of the 
same individual, one can select for study small 
arteries of skin and muscle that have been sub- 
jected for long periods to quite different blood 
pressures. 


CLINICAL FINDINGS IN OUR CASES 
Five individuals, two male and three female, 
varying in age from 20 to 33 years, were studied. 
In four, coarctation of the aorta was the only 
physical abnormality revealed by careful clinical 
and laboratory study, while in one there were 
present in addition a duodenal ulcer and a mod- 
erate secondary anemia. Two had slight dys- 
pnea, and one of these had slight numbness of 
the legs on exercise. Increased arterial pulsations 
in the neck and markedly decreased arterial pulsa- 
tions in the lower extremities were findings com- 
mon to all. There was a loud systolic murmur in 
each case, best heard over the base of the heart, 
and well transmitted over the upper thoracic 
spine; in two instances slight diastolic murmurs 
also were heard along the upper left sternal 
border. The aortic second sound was in all cases 
louder than the pulmonic second. Enlarged and 
pulsating intercostal arteries in the posterior as- 
pect of the chest were noted in each case. Roent- 
genological findings were characteristic : the 
heart was enlarged in three cases and within nor- 
mal limits in two ^ ; there was a fading away or 
notching of the aortic arch in three; all showed 
scalloping of the lower rib borders. Electro- 
cardiograms were not remarkable. The average 

1 Lewis (8) has shown that the heart may be definitely 
hypertrophied in individuals with coarctation of the aorta 
even though the roentgenological measurements are nor- 
mal. 


TABLE I 

Shouting age, sex, and average blood pressures in the 5 cases 



Case I 

Case II 

Case III 

Case IV 

Case V 


29 

24 

20 

28 

33 


Female 

Male 1 

Female 

Male 

Female 

Avpmce blood pressure, mm. Hg 

■a 

D.* 

s. 

D. 

S. 

D. 

s. 

D. 

S. 

D. 


1S3 

95 

162 

100 

163 

100 

177 

81 

160 

87 

Leg (calf) 

100 

70 

85 

65 

115 

65 

100 

65 

95 

60 


* 5 systolic, D — diastolic. 
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arterial blood pressures, taken with the patient re- 
cumbent, are shown in Table I ; the Pachon oscil- 
lometer was used for all of the measurements 
from the leg and some of those from the arm. 

While tlie blood pressures proximal to the co- 
arctation were not very high the increase in pres- 
sure in these vessels during exercise or emotion 
was greater than normal and systolic readings 
over 220 mm. Hg were usual on such occasions. 

It is significant that arteriosclerosis of the reti- 
nal arteries was present in two cases and early 
sclerotic changes in one other. O’Hare and 
Walker (9) have sho\vn that closely associated 
wdth arterial hypertension is retinal arteriosclero- 
sis rather than senile arteriosclerosis of the pe- 
ripheral arteries, and we believe the hypertension 
to be causally related to the retinal sclerosis in 
our cases. 

METHOD OF STUDY 

A block of muscle 1 by 2 cm., with the over- 
ling skin and subcutaneous tissue, was removed 
for examination from the deltoid and gastrocne- 
mius muscle of each patient. Each specimen was 
at once divided and one part fixed in formalin 
and the other part in Zenker’s solution. Sections 
from each piece were stained with eosin methy- 
lene blue, Mallory’s aniline blue, Mallory’s phos- 
photungstic acid. Van Gieson’s and Scharlach R 
stains. Each section was examined for visible 
pathological changes in or around the blood ves- 
sels. With a micrometer eyepiece, an X 10 ocu- 
lar, and an X 90 objective, the arterioles and 
smallest arteries, cut in nearly perfect cross- 
section, were measured. Two diameters of the 
cross section of the artery bisecting each other 
at right angles were selected and the ratio be- 
tween average thickness of lumen and of wall 
was calculated; the \^ue for the wall was taken 
as 1. In each case the ratios obtained for the 
vessels of the skin and muscle of the arm were 
compared respectively with those of the leg. 

An effort was made to establish criteria for 
the selection of arterioles. Evans (3) used the 
Word arteriole for the smallest arterial twigs 
'rith media of 2 or 3 muscle cells in thick- 
ness. Kemohan ct al. (5) used the term for 
arteries from 25 to 100 microns in outside diame- 
ter. Evans (3) has shown that in the kidne}' the 
pathological changes in the arterioles differ in 


character from those in the arteries from which 
the arterioles spring. Here at least is an oppor- 
tunity for distinguishing them based on patho- 
logical findings. We measured the afferent ar- 
terioles of normal glomeruli, in sections prepared 
as were those used in this study, and foimd the 
great majority of these arterioles had outside 
diameters between 20 and 30 microns. We have 
accordingly classified as arterioles those arteries 
in fixed tissue which are less than 30 microns 
across w'hile those between 30 and 100 microns 
across w'e have classified as “ smallest arteries.” 
Allowing 40 per cent for shrinkage in preparation, 
the arterioles would measure not more than 50 
microns xmder physiological conditions. Obvi- 
ously, if certain arterioles are thickened by patho- 
logical changes some may exceed our arbitrary 
limit for size; moreover contraction of a small 
artery during removal and fixation may be suffi- 
cient to result in its being classified wrongly as 
an arteriole. However, definition by measure- 
ment -will best convey to others the size of arterj* 
under consideration. 

MICROSCOPICAL FINDINGS 

The arteries, veins and capillaries of each bi- 
opsied tissue were studied microscopically but no 
pathologically significant changes were found in 
any. Very occasionally one of the smallest ar- 
teries or arterioles showed slight thickening of the 
intima, slight proliferation of the endothelial cells 
lining the lumen, and a puckering or undulation 
of the internal elastic membrane. The slight in- 
timal thickening w’as characteristically uniform 
aroimd the circumference of the vessel and the 
lumen was never greatlj'^ encroached upon or nar- 
rowed. This appearance was sometimes studied 
further by tracing the vessel serially into sections 
differently stained. It was interpreted by us as 
indicating unequivocally a normal vessel slightly 
contracted. The proliferation of the lining endo- 
thelial cells and the puckering of the internal clas- 
tic membrane v/ere assodated with and, we 
thought, most reasonably explained by medial con- 
traction. The degree of this contraction saried 
among the arteries of similar size in the same 
section, and could be gauged most readily by the 
degree of undulation of the internal clastic mem- 
brane. These apparent abnormalities were seen 
in vessels from both skin and muscle and with 
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TABLE II 

Showing the number of vessels measured, their diameters and ratios of thickness of lumen to thickness of wall 



Number of vessels 
measured 

Average outside 
diameter 

Extreme ratios 
lumen to wall 

Average ratios 
lumen to wall 

Arterioles 

Smallest 

arteries 

Arterioles 

Smallest 

arteries 

Arterioles 

Smallest 

arteries 

Arterioles 

Smallest 

arteries 

Case I 

Muscle of arm 

14 

9 

microns 

18.8 

microns 

4 S .3 

1.5 S 

3.52 

1.69 

3.37 

2.16 

2.60 

Muscle of leg 

7 

•2 

20.3 

38.2 

Bl 

1.81 

2.18 

2.20 

1.99 

Skin of arm 

1 


10.0 


2.18 


2.18 


Skin of leg 

21 

1 

19.1 

27.6 

1.44 

3.11 

2.18 

2.21 

2.18 

Case II 

Muscle of arm 

6 

5 

20.1 

37.2 

1^ 

2.05 

2.66 

1.80 

2.43 

Muscle of leg 

S 

3 

22.3 

49.2 

1.42 

2.60 

1.87 

3.05 

2.23 

2.52 

Skin of arm 

4 

S 

21.0 

48.1 

1.83 

2.26 

2.25 

3.31 

2.02 

2.59 

Skin of leg 

2 


16.2 


2.26 

2.49 


2.37 


Case III 

Muscle of arm 

9 

3 

19 .S 

59.2 

1.52 

2.56 

2.40 

3.70 

2.07 

3.07 

Muscle of leg 

3 

S 

18.4 

46.3 

1.25 

2.28 

1.15 

3.21 

1.84 

2.41 

Skin of arm 

9 

2 

16.3 

59.6 

1.58 

2.33 

2.31 

2.58 

1.96 

2.44 

Skin of leg 

5 

1 

20.1 

39.2 

1.75 

2.25 

2.00 

2.01 

2.00 

Case IV 

Muscle of arm 

IS 

2 

1 

19.0 

33.8 

1.91 

3.05 

1.71 

3.00 

2.46 

2.35 

Muscle of leg 

IS 

1 

18.2 

87.2 

1.46 

2.34 

2.04 

2.00 

2.04 

Skin of arm 

7 


18.0 


1.43 

2.33 


2.02 


Skin of leg 

13 


19 .S 


1.36 

2.82 


2.60 


Case V 

Muscle of arm 

8 

2 

17.7 

93.4 

1.61 

2.62 

2.72 

3.37 

2.13 

3.03 

Muscle of leg 

S 

3 

17.0 

64.4 

1.33 

2.19 

2.00 

3.03 

1.85 

2.62 

Skin of arm 

8 


17.8 


1.61 

2.38 


2.08 


Skin of leg 

9 

‘ 

16.7 


m 

H 

2.14 

— 
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TABLE m 

Thi findings in Table II summarized and arranged for easy comparison of the determinations made from the vessels of arm 

and leg 



Muscle 1 

SHn 


Arterioles 

Smallest arteries | 

Arterioles j 

Smallest arteries 


Arm 

Leg 

Ann 

Leg 

Arm 

Leg 

Arm 

Leg 

Average outside diameter in microns 

19.0 

19.2 

53.7 

57.1 

16.6 

18.3 

53.8 

38.4 

Extreme ratios lumen to AA-all 

1.52 

3.52 

1.25 

2.80 

1.69 

3.70 

1.15 - 
3.21 

1.43 

2.38 

1.36 

3.11 

2.25 

3.31 

2.00 

2.18 

Average ratios lumen to AA’all 

2.12 

2.02 

2.69 

2.32 

2.05 

2.26 

2.51 

2.09 


similar frequency in tissues from either the arm 
or leg. The}’ were considered not pathologically 
significant. 

The ratios for thickness of lumen to thickness 
of wall were calculated for the arterioles and for 
the smallest arteries, and those for the vessels of 
the skin and muscle of the arm were compared, 
respectively, with those of the leg. These results 
are given in Tables II and III. 

Table II gives the number of arterioles and 
smallest arteries measured in each tissue, their 
average diameter, and the extreme and average 
ratios for thickness of lumen to thickness of wall. 
While there Avas considerable variation in these 
ratios for the arterioles (1.25 to 3.52), the great 
majority had a ratio approximating 2. The aA’- 
erage ratios for arteriolar lumen to AA'all ranged 
from 1.80 to 2.60. The ratios for “ smallest ar- 
teries ” ranged from 1.15 to 3.70 but the great 
majority had ratios somewhat greater than 2. 
The average ratios for the “ smallest arteries ” 
ranged from 1.99 to 3.07. 

Table III is a summary of Table II and giA'es 
the averages of the separate A’alues for the 5 cases. 
It shoAvs clearly that the A'cssels of the arm and 
leg Avere similar Avith respect to their ratios for 
thickness of lumen to thickness of wall. The av- 
erage ratio for the arterioles of the arm muscle 
''■as 2.12 and for the leg 2.02 ; the corresponding 
ratios for the smallest arteries AA'ere slightly 
greater, 2.69 for the arm and 2.32 for the leg. 

The aboA’e data taken collectiA'ely confirmed the 
risual impression that the A'essels studied Avere 
normal ; the muscle cells Avere neither AA’asted nor 
h3’pertrophied and the nuclei AA’ere distinct ; there 
"■as no hyperplasia or splitting of the elastic lam- 


ina; the intima and the lining endotheh'al cells 
Avere not considered abnormal. There Avas no 
hyaline or fatty degeneration. 

DISCUSSION 

The increased blood pressure proximal to the 
coarctation of the aorta in these 5 cases is ex- 
plicable only on mechanical grounds. WTule this 
increase was not verj’ great it Avas prolonged OA'er 
a long time and Avas accompanied by cardiac en- 
largement in at least three instances and defim'te 
retinal arteriosclerosis in two. Distal to the co- 
arctation the blood pressure A\’as conspicuously 
loAV and the arteries were not subjected to any 
strain. Despite this difference in blood pressure, 
howeA-er, the small A-essels of the skin and muscle 
of the arm Avere similar histologicall}’ to those in 
the leg, and our examination failed to discoA-er 
any changes pathologically significant. 

Our cases differ from those of Kemohan el al. 
(5) in seA-eral respects. First, they belong to a 
younger age group; it is possible that a similar 
strain on the arterioles of older indiA’iduals AA'Ould 
produce pathological changes. Secondly, the de- 
gree of hA-pertension aa’Bs not so great ; a more se- 
A-ere hj-pertension even though of shorter duration 
might be more destructive. Thirdly, the hA-per- 
tension AA-as of knoAA’n origin in our cases and lim- 
ited to the upper part of the body Avhereas in 
cases AA*ith benign or malignant hA-pertension 
Avhere the cause remains unknoAA-n there may per- 
haps be some no.xious factor damaging the arteri- 
oles. XcA-ertheless our ncgatiA-e findings arc of 
considerable importance in that they rule out 
slight to moderate degrees of In-pertension main- 
tained OA'er long inten-als of time as a cause of 
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pathological changes in the smallest arteries and 
arterioles of the voluntary muscle and skin of the 
arm in young individuals. 

SUMMARY 

We have found that the hypertension associ- 
ated with coarctation of the aorta in 5 young in- 
dividuals has not caused sclerosis of the arterioles 
or smallest arteries of- the skin or voluntary mus- 
cle. In these 5 cases the systolic blood pressure 
in the arm averaged 70 millimeters more than that 
in the leg and the diastolic pressure in the arm 28 
millimeters more than that in the leg. Neverthe- 
less, it was impossible by biopsy in these cases to 
distinguish the arterioles and smallest arteries of 
the arm from those of the leg. 

We -wish to thank Dr. Tracy B. Mallory for his aid 
and for the facilities of his laboratory. 
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Water is proHded to the body in the form of 
obtious fluids, the water contained in solid foods, 
and the water produced in the oxidation of food- 
stufi^s in the body; it is dissipated as vapor 
through the skin and lungs, and as liquid through 
the kidneys, bowel and skin. The common prac- 
tice of attempting to estimate water balances by 
comparing the volume of the urine ■with the ob- 
■vious fluids ingested is, therefore, quite inaccu- 
rate. The water of the food, drink, urine and 
feces ma\' be determined directly. The water de- 
rived from the oxidation of foodstuffs and that 
lost through the skin and lungs can not be so sim- 
ply measured. An indirect method for the esti- 
mation of these fractions of the water exchange 
has, therefore, been proposed by Newburgh (1). 
Estimations of water exchange by this method 
have yielded improbable results in many of our 
cases. Failure to obtain good results can not be 
attributed to disregard of the prescribed condi- 
tions, as Avill be shown below, nor is there reason 
to doubt the accuracy of the observations. Since 
this is so, a report of our experiences and a com- 
prehensive investigation of the errors of the 
method seem warranted. 

It has been sho'wn earlier that the calculations 
of Newburgh may be simplified by the use of the 
following formula, derived ■without additional as- 
sumptions (2) : 


UF = ABod)' ■weight (6’c — fff) 

+ (0A9P -{- F + C)t. 
vater exchange = Body weight change 
-r Solids lost -4- Food burned to 
(CO- -l-H-O). 


( 1 ) 


Newburgh (1) used, to check the accuracy of his 
determinations, a so-called “ predicted ■venter bal- 
ance ” ; 


Predicted A IF = A Body weight 
^ . — (P-fF),. (2) 

Predicted balance = Body weight change 

— Foodstuffs stored. 

' Part of the expense of this investigation was de- 
frayed by a grant from the Ella Sachs Plotz Foundation. 


As the fat metaboh'zed is estimated in the same 
manner for both predicted and determined bal- 
ances, one can hardly serve as a check on the other 
in this respect. Furthermore, since “predicted 
balance ” neglects entirel}- changes in the salt con- 
tent of the body and in the quantity' of unassimi- 
lable materials in the gastro-intestinal tract, it can 
equal determined balance only when the intake of 
salt and roughage equals the output and vrhen no 
fat is lost in the stools. Actuall}- in the experi- 
ments of Newburgh (1) the predicted balance 
falls short of the determined balance in every case 
except one. The discrepancies are in the direc- 
tion ■which is to be expected, since “ predicted bal- 
ance” neglects stool fat. The greatest discrep- 
andes occurred on days when unusually large 
stools ■svere passed. This again accords ■rn'th ex- 
pectation, since on such days the excretion of 
roughage is likely to exceed the intake, causing 
the predicted ■value to fall even further below the 
determined value. It is erident that the “pre- 
dicted balance ” can not be tised to verifj' the “ de- 
termined balance.” 

There can be no doubt that Equation 1 repre- 
sents a true expression of water exchange. It 
remains to evaluate the accuracj' of the ■^•arious 
measurements and assumptions involved. These 
are: (a) accurate measurements of the soh'ds of 
ingesta and excreta; (b) the assumption that pro- 
tein burned can be estimated accurateh- from ni- 
trogen excretion; (c) the assumption that carbo- 
hydrate fed is identical ■with carbohydrate burned ; 

(d) accurate measurements of the foodstuffs fed ; 

(e) a method for the determination of total me- 
tabolism, from which fat metabolized can be esti- 
mated. 

(a) The determination of the solids of ingesia 
and excreta is not an extremely accurate proce- 
dure. So great are the difficulties in dr^ring such 
materials completely without loss by volatilization 
or decomposition that accuraev' greater than = 5 
per cent should not be expected. Since the total 
57 
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solids of urine and feces are only about 50 grams 
daily, errors on the excretory side of the balance 
would be negligible. The solids of the ordinary 
diet for adults, however, are of the magnitude of 
500 grams daily, and errors in this measurement 
are quite significant. To obtain the weight of 
food solids, Newburgh (1) dried entire mixed 
diets, in metal containers, on the steam bath at 
70° C. for about three weeks. In one experiment 
(recorded in Table 9 of the appendix of his re- 
port), duplicate diets, in which the total weight 
of protein, fat and carbohydrate was estimated at 
197.5 grams, were so treated for 25 successive 
days. The extreme values for determined dry 
weight were 179 grams and 223 grams per day. 
The average value, 198 grams, allowed for the 
presence of no salts or unassimilable material. In 
our experiments food was dried by a different 
method which proved no more satisfactory. The 
entire diet was weighed, passed through a meat 
grinder and mixed in a large container for one 
hour with a mechanical stirrer. Aliquots of vary- 
ing weights, in porcelain evaporating dishes, were 
kept on the steam bath for about 12 hours, in the 
oven at 95° C. for about 1 hour, and in a desic- 
cator over sulphuric acid until constant weight 
was reached. Solids so determined frequently 
fell short of the estimated weight of protein, fat 
and carbohydrate in the diets, although analyses 
of samples taken from the top and bottom of the 
wet mixtures differed by no more than ± 1 per 
cent in nitrogen and chloride. Furthermore vari- 
ations as great as 10 per cent were noted in the 
determined dry weights of identical diets prepared 
on different ' occasions. Newburgh feels that 
greater accuracy is possible when simple diets are 
used. The data recorded in the first table of the 
appendix of his first report (1) do not support 
this statement. The determined solids of bread 
are seen to vary from 57.5 to 66.2 per cent; those 
of milk from 14.2 to 15.5 per cent. These varia- 
tions are in the neighborhood of 10 per cent. As 
water exchange is obtained by subtracting from 
the change of body weight that portion of the in- 
gested solids which is neither excreted nor burned, 
any incompatibility between determined solids and 
estimated foodstuffs must introduce an error in 

the calculation of water exchange. 

(b) The assinnption that protein metabolized 
can be accurately estimated from nitrogen excre- 


tion. Over long periods there can be little error 
in assuming that the nitrogenous end-products of 
protein metabolism are excreted as soon as they 
are formed. In short periods this need not be so. 
This is particularly true when large changes oc- 
cur in the concentration of urea in the body fluids. 
In such cases, if the concentrations of urea in the 
body fluids at the beginning and end of an experi- 
ment are known, however, some attempt at cor- 
rection may be made. Nitrogen excreted as pro- 
tein in the urine or stool must, of course, be ex- 
cluded from the calculation since protein excreted 
as such gives rise to no water and is included in 
the dry weights of the ingesta and excreta. 

(c) An assumed value for carbohydrate 
burned. In prolonged experiments under con- 
stant conditions it is assumed, with justiflcation, 
that carbohydrate fed equals carbohydrate burned. 
In short experiments, especially in subjects with 
nutritional disturbances, however, such an as- 
sumption is certainly unwarranted and carbo- 
hydrate burned can be estimated by no method 
short of calorimetry. In many conditions in 
which the analysis of large water exchanges is 
important, for example in diabetic acidosis or 
pyloric obstruction, the method of determination 
falls completely short in this respect. 

(d) For the measurements of the food mixture 
ingested dependence must be placed for the most 
part upon standard dietary tables and certain fac- 
tors. These tables at best provide only average 
values, and one has but to glance at them to recog- 
nize the extreme variability of common articles of 
food. Much of this variability probably depends 
upon the exposure and desiccation to which the 
foods have been subjected. In the tables of At- 
water and Bryant for example (3) the carbo- 
hydrate content of raw potato is given as 18.4 per 
cent, the average of 136 analyses ranging from 
13.5 to 27.4 per cent. In certain foods the vari- 
ability of fat is quite as great. Protein can be 
directly measured by determination of nitrogen 
and, while the factor, 6.25, used to convert nitro- 
gen to protein, is not universally applicable, the 
error involved in its wholesale use is probably 
relatively unimportant.^ It must not be over- 

- It should be mentioned that in this laboratory the 
nitrogen of mixed diets has been found higher than the 
predictions of standard tables in most instances. This 
may be because the foods have not been dried before 
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looked that factors for the caloric value of all 
foodstuffs are subject to similar errors. Direct 
analysis may be employed to obviate these errors 
and is reasonably satisfactory for extremely sim- 
ple diets. In many instances, in studies of dis- 
eased subjects, however, such diets are unsuitable 
for application over long periods of time because 
the patients’ tastes must be given some considera- 
tion. Anal3’sis of mixed diets is a difficult pro- 
cedure. Total caloric content determined by 
bomb calorimetry' must be corrected for cellulose 
content. Furthermore the possibility' of signifi- 
cant variations from day to day can not be ex- 
cluded without frequent analyses. 

(e) Estimation of energy expenditure from in- 
sensible perspiration. Soderstrom and DuBois 
(4) reported 175 experiments in which total heat 
production and water of vaporization were deter- 
mined simultaneously in the Russell-Sage calo- 
rimeter on both normal and diseased subjects un- 
der carefully standardized conditions. In 27 
experiments on 12 normal men, an average of 
24 per cent of the total heat produced was ex- 
pended in the vaporization of water, with ex- 
tremes of 21 and 28 per cent.® When the heat 
production was increased 10 to 15 per cent by' the 
administration of glucose or protein, water of 
vaporization increased proportionally. The vari- 
ability was larger in disease and, in certain con- 
ditions, characteristic deviations were observed. 
In a group of cretins the water loss was small in 
comparison with the heat production. In pa- 
tients with heart disease and dy'spnea it was ab- 
normally large. This the authors ascribed to in- 
creased losses through respiration. In nephritics 
with dyspnea, however, the loss by vaporization 
was normal. In ty'phoid fever, as long as the 
body temperature remained constant, regardless 
of its actual level, the normal relation between 
heat production and water loss was maintained. 
lilTiile the temperature was rising vaporization 
Was deficient; while it was falling there was ex- 
cessive vaporization. These figures lend strong 

analysis and therefore all volatilization of nitrogen has 
avoided- That the analyses are correct is attested 
bj’ recovery experiments and by the fact that nitrogen 
®lui!ibrium has been secured in prolonged experiments 
cn normal subjects receiving adequate diets. 

® In one oi 2 women studied the deviation from the 
average was even larger. 


support to the general theory that the quantities 
of water vaporized from the skin and lungs are 
closely related to the total heat elimination and, 
therefore, w'hen the body temperature remains 
constant, to heat production. Nevertheless, it 
must be recognized that the degree of variability' 
in this relationship amounted to from — 12 to 

15 per cent even in normal males. 

Levine and Wilson (5) in 53 similar experi- 
ments with infants found that vaporization of 
water accounted on the average for 26 per cent 
of the heat production, with deviations seldom 
exceeding ±: 10 per cent of the average. Heller 
and Schwarz (6) have subjected to statistical 
analysis all the data in the literature from direct 
calorimetry' experiments in which total heat pro- 
duction and water loss have been measured di- 
rectly, In about 850 experiments, conducted un- 
der basal conditions, in which heat production 
varied from 900 to 2200 calories per day, the 
proportion of heat eh'minated by vaporization ap- 
proximated closely the average value of 24 per 
cent foimd by' Soderstrom and DuBois. Above 
2200 calories the percentage lost by vaporization 
was somewhat smaller. From a similar analysis 
of 400 experiments in which subjects took food 
but abstained from exerdse, Heller and Schwarz 
conduded that the same relationship obtained 
when the total heat production varied behveen 
1200 and 2600 calories. Above this the propor- 
tion of heat lost by vaporization fell off, just as 
it had above 2200 calories under basal conditions. 
This loss of correlation at high levels of heat pro- 
duction may' be referable merely to technical er- 
rors, failure of the ventilating systems of the calo- 
rimeters to prevent the relative humidify of the 
atmosphere from rising when vapor production 
was great. This w'ould lead to absorption by the 
calorimeter and its furnishings of water which 
would consequently escape measurement. 

Benedict and Root (7), in short periods of 
study under controlled basal conditions, found a 
relationship between heat production, measured 
by indirect calorimetry, and insensible perspira- 
tion or loss of weight which is defined by the fol- 
lowing linear equation : 

Calories = 1.325/L -7- 19.3 per hear, (3) 

in which IL represents the insensible weight loss 
per hour. Jores (S), Heller (9) and others liavc 



60 


PAUL H. LAVIETES 


confirmed the essential validity of the Benedict 
and Root equation when applied to subjects under 
basal conditions. 

If 24 per cent of the total heat produced is 
eliminated by vaporization of water with a heat 
equivalent of 0.58 calories per gram. 

Calories = 0,58ZfF/0.24 = 2.42/1^, (4) 

JB7 = "Water of vaporization or "insensible wa- 
ter.” Furthermore, since the only difference be- 
tween insensible weight loss and insensible water 
is referable to exchange of gases, IL — IW 
(COg — Oa). Under basal conditions the respir- 
atory quotient must be approximately constant, 
and consequently (COg — Oj) and therefore IL 
must be proportional to heat production. At an 
average basal respiratory quotient (COg — Oo) 
is approximately OAIIV. Therefore IL — I.IIW 
or 

iw^omiL. 


Substituting this value in Equation 4 

Calories = (0.91 X 2.42) JL = 2.2IL. (5) 


The curve defined by this equation passes through 
the origin and deviates considerably from that of 
Benedict and Root,'* Since the curve of Benedict 
and Root is evidently incompatible with the rela- 
tionship between water vaporized and heat pro- 
duction established by calorimetry experiments, it 
becomes necessary to explain the fact that it con- 
forms with reasonable accuracy to their own data 
and those of other workers. The curve of Equa- 
tion 3 crosses that of Equation 5 at a value of 
48.5 calories per hour and predictions of metabo- 
lism from IL by Equation 3 do not diverge more 
than 10 per cent from those by Equation 5 within 
the limits 66 and 36 calories per hour. Since 
these include the variations ordinarily encountered 
in basal determinations in adults, agreement 
within 10 per cent with the Benedict and Root 
curve does not prove that this curve is correct. It 
is hard to escape the conviction that the peculiar 
course taken by this curve is referable to fortu- 
itous circumstances connected with the limited 
conditions under which the experiments of Bene- 
dict and Root were conducted. 


4 The equation conforms closely to that derived by 
Levine and l^Iarples (10) from their o^\m data and those 
of Soderstrom and DuBois, Calories - 2.2//L — l-2o per 
hour. 


Johnston and Newburgh (11) used the in- 
sensible weight loss as a measure, over long 
periods of time, of the total metabolism of hos- 
pitalized patients who were allowed limited ac- 
tivity. Subsequently Newburgh, Wiley and 
Lashmet (12), desiring to extend the study to 
subjects of more varied types under different cir- 
cumstances of life, abandoned the equation of 
Benedict and Root, substituting a method of cal- 
culation which related heat production directly to 
insensible water loss. They measured, for pe- 
riods of 5 to 85 days, the daily insensible weight 
losses of 8 subjects who were given diets aimed 
to maintain them as nearly as possible in a con- 
stant state of nutrition while they pursued their 
ordinary activities. This provided data for the 
estimation of the mixture of foodstuffs burned, 
the total energy production and the insensible wa- 
ter loss. All the individuals but one eliminated 
as heat of vaporization 23.8 to 25.2 per cent of 
the estimated energy production, which varied 
from 2075 to 3650 caloi'ies per day. In the one 
exception frequent unavoidable labor caused con- 
siderable sensible perspiration. To calculate the 
insensible water loss from the insensible weight 
loss under varying conditions, they employed a 
method of approximation. A formula for -the 
direct estimation of fat burned from the deter- 
mined insensible weight loss, protein burned, and 
carbohydrate burned, without the use of this se- 
ries of approximations can be obtained as follows : 

(fl) /L = /PF-F (COo — 0„), 

JPFX 0.58 = cal. X 0.24, 

(&) JIF = 0.414 cal., 

(c) (CO 2 — 02 ) = 

(0.42C + 0.14F — 0.07F) burned, 

(d) Cal. = (4.1P-f 4 . 1 c -f9.3F) burned. 

Substituting (d) in (6), and (6) and (r) iii 

(^) 

(e) IL = (2.12C 4- 1.69F -f 3.7SF) burned. 

Solving for Fv 

^ 7L — 2 . 12 a — 1.69Fi 

Ft— 3 73 

This equation has been accepted by Newburgh 
(13) as a valid condensation and accurate repre- 
sentation of the calculations involved in his 
method of approximations. 
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Newburgh, Wiley and Lashmet (12) state that 
the amount of energy expended in external work 
in ordinary* actiwties is negligible, becoming sig- 
nificant only when hea\'y labor is performed. In 
this case the difference between energy trans- 
formations and heat production will become ew- 
dent only during hea\'y muscular exercise and 
heat production can therefore be used as a prac- 
tical measure of energy production under ordi- 
narj’ circumstances. The technical difficulties en- 
countered in measuring separately heat production 
and energy expenditure during work have proved 
so great that the point at which the difference be- 
hveen the two becomes significant has not yet been 
ascertained. It is hardly to be doubted that there 


machine, some effective work must be performed. 
It has been shown in these experiments, and even 
more clearly in later experiments of Benedict and 
Carpenter (15), that, although in the resting sub- 
ject approximately 23 per cent of the heat elim- 
inated goes into the vaporization of water, with 
increasing amounts of work the percentage rises 
far above this level. The data of these experi- 
ments are presented in Table I. In some, shown 
in Table II, it is possible to compare water losses 
directly measured against insensible weight losses. 
The agreement is good. It seems clear from 
these experiments that even during moderate 
work there may be a significant difference between 
total energy transformation and heat production 


TABLE I 

Rdalionship of heat of vaporization to heat production and to total energy transformation during varying activity for 24 hour 

periods. {From Benedict and Carpenter) 



Rest 

Moderate wort 

Severe werfc 

Very severe work 



Heat 

Energy 

Heat 

Enersy 

Heat 

Energs' 

Subject 

production 

produetton 

prodcction 

production 

production 

production 

prodnetioa 


Total 

Vapor 

Total 

Vapor 

Total 

Vapor 

Total 

Vapor 

Total 

Vapor 

Total 

Vapor 

Total 

Vapor 


Total 

Total 

Total 

Total 

Total 

Total 

Total 


calories 

per 

cent 

calories 

per 

cent 

calories 

Per 

cent 

calories 

per 

cent 

calories 

. Prr 
cent 

calorie: 

per 

cent 

calories 

Per 

cent 

E. 0 

2283 

2133 

24.7 

22.9 

3662 

3344 

35.9 

29.4 

3862 

34.0 









J.F.S... 

3544 

27.8 


42.8 







J. c. W. . 

2397 

21.8 



4577 

5147 

3S.0 

7832 

55.3 

9314 

46.4 

B. F. D. 

2213 

25.7 





4145 

40.6 

4565 

36.8 





A. L. L... 

2304 

24.3 





4270 

48.6 

4727 

44.0 

6180 

56.4 

7137 

48.8 


is such a point and that it requires more exact 
definition than the terms “ hea\-y labor ” or “ ■vigo- 
rous muscular exercise.” Atwater and Benedict 
(14) measured total energy transformation by 
direct calorimetr}-, and external work by means of 
a bicj'cle ergometer, in a group of normal subjects 
who worked for 8 hours daily on the bicj'cle. 
The 'Work is described as reasonable and not at all 
excessive. In these experiments the average en- 
ergy transformation exceeded heat production by 
^bout 500 calories which was almost the exact 
beat equivalent of the measured external ■work. 
The total energy expenditure ■^vas approximately 
5000 calories. The measured external ■work was 
equivalent to approximate!}' 200,000 kilogramme- 
ters. ^Moderately active normal subjects may 
Well transform 4000 calories daily, in -which case, 
'tnless the human body is an extremely inefficient 


and that with increasing amounts of work the 
portion of the total heat eliminated b}- vaporiza- 
tion increases considerably. It is possible that 
in Newburgh’s experiments exercise was even 
more moderate and that a slighter increase in the 
percentage of heat lost by vaporization was bal- 
anced by a slight discrepancj' between heat pro- 
duction and total energ}- transformation so that 
water of ■v-aporization bore the same ratio to total 
energ}' production under the drcumstances of his 
experiments that it usually bears to heat produc- 
tion during rest. It is, however, impossible to de- 
fine the level of acti'vity at which these two proc- 
esses will neutralize one another, Heller and 
Schwarz (6), from their analyses of work e.xperi- 
ments, conclude that when tlie heat production c.x- 
ceeds 3000 calories daily the process of \-ap/oriza- 
tion assumes a larger share of the load of h.eat 































62 


PAUL H. LAVIETES 


dissipation. No distinction is made, in these 
work experiments, between vaporization from 
sensible or insensible perspiration. The per- 
formance of such amounts of work under ordi- 
nary circumstances must entail some sweating. It 
is important to note that sweat which falls from 
the body or is absorbed by clothes and bedding, 
thus escaping vaporization on the surface of the 
body, has no appreciable value in heat elimination. 
This factor is minimized in the calorimeter ex- 
periments cited, by direct measurement of water 
vaporized. It is impossible to say, however, that 
some of this was not vaporized from the floor or 
furnishings of the calorimeter rather than from 
the skin, in which case the values for heat elim- 
ination by vaporization from the body will be too 
high. 

TABLE II 

Comparisons of insensible water loss (IW) measured 
directly with insensible weight loss (IL) derived from 
measurements of body weight changes corrected for 
weight of ingesta and excreta, during work experiments 
of Benedict and Carpenter, 


Experiment IW IL 

grams grams 

per 24 per 24 

hours hours 

56 4000 4260 

57 4100 4600 

62 3370 3640 

63 3780 3920 

64 6050 6640 


If the mean temperature of the body is to re- 
main constant, heat production must equal heat 
elimination. Heat elimination is effected through 
radiation and vaporization from the respiratory 
passages and body surface. In the lungs the 
process of radiation consists of raising the tem- 
perature of the inspired air toward the tempera- 
ture of the body. The amount of heat lost in 
vaporization should depend on the osmotic pres- 
sure ° of the body fluids and the quantity of water 


5 It might seem, at first sight, that the heat value of the 
vaporization of hypotonic sweat would differ from that 
of the isotonic fluid from which the sweat was derived. 
However, a certain exchange of heat must have attended 
the separation of hypotonic sweat from isotonic body 
fluids. If the sweat emanates from these fluids the heat 
of secretion plus the heat of vaporization must exactly 
equal the heat that would be required to vaporize the 
orimnal isotonic fluid directly, because the ener^ ex- 
nended in any chemical or physical transformation is 
the same, regardless of the methods or intermediate proc- 
esses by which it is achieved. 


vaporized, Christie and Loomis (16) have 
shown that the expired alveolar air is almost, but 
not completely, saturated with water vapor at the 
temperature of the body, that it is more nearly 
saturated after a period of apnea, less during hy- 
perventilation, and that the vapor pressure of the 
air in the respiratory dead space is much less than 
that in the alveolar air. Consequently less water 
is vaporized by shallow respirations than by deep 
ones. All these factors which determine the 
amount of water vapor eliminated by the respira- 
tory system presumably have a similar influence 
upon the heat lost by radiation and upon the re- 
spiratory gas exchange. Therefore both the total 
amount of heat eliminated by the lungs and the 
fraction referable to vaporization may be expected, 
on theoretical grounds, to parallel energy produc- 
tion. Benedict and Benedict (17) have shown 
that under basal conditions approximately 40 per 
cent of the total water vaporized comes from the 
respiratory passages. 

In the. skin the situation is more complex. If 
water is lost by evaporation from the surface of 
the body without appreciable quantities of solute, 
as insensible perspiration, the external layers of 
the skin must have a vapor tension. The water 
given off as vapor from these layers to the sur- 
rounding air is presumably renewed by diffusion 
as the osmotic pressure at the surface is increased 
by the concentrating effect of evaporation. The 
fluid vaporized in this manner should depend on 
the surface area of the body and the gradients of 
temperature and humidity between the surface 
and the surrounding air. 

The quantities of heat lost both by radiation 
and by vaporization then should be related to heat 
production, if this is equal to heat elimination, and 
to the size or surface area of the subject. It is 
impossible to say, on theoretical grounds, that the 
effects of surface area and heat production upon 
radiation and vaporization will be proportional. 
If mean body temperature is to remain constant, 
under fixed environmental conditions, radiation 
and vaporization must be automatically controlled 
in accordance with total heat production. The 
temperature of the skin (and possibly of the re- 
spiratory passages) must vary with the heat pro- 
duction through the intermediation of the periphe- 
ral circulation. Conversely, when the environ- 
mental temperature changes, there must be a cor- 
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responding circulatory adjustment to maintain a 
relatively constant gradient of temperature be- 
tween the body surface and the environment. 
Such adjustments have been demonstrated re- 
peatedly as has also the existence of a temperature 
gradient between the bodj" surface and the deeper 
tissues (18). 

Apparently, when heat production exceeds a 
certain maximum or when the gradient of tem- 
perature between the emdronment and the body 
surface becomes too small, some process of heat 
elimination more active than the insensible per- 
spiration is required. In the dog, which is unable 
to sweat, radiation and vaporization through the 
respirator}' passages are increased by panting. 
In humans the respiratory elimination of heat 
seems to follow the dictates of oxygen require- 
ments, responding to the temperature control only 
when heat dissipation by the skin is prevented, for 
example in hot baths. Instead the sweat glands 
are called into play to provide a larger volume of 
fluid for vaporization. There is no special reason 
for believing, however, that radiation of heat by 
either lungs or skin must be influenced by the 
process of sweating. If it is not, the proportion 
of the total heat loss which is referable to vapori- 
zation should increase steadily with the amount of 
sweat evaporated. That this increase actually oc- 
curs during work has already been shown. 

Water loss from the skin may occur with or 
without the intermediation of the sweat glands. 
Furthermore, it is possible that moderate activity 
of the sweat glands need not give rise to sensible 
perspiration. Yet tbe inteiwention of the secre- 
tor}' mechanism, even when it is not marked 
enough to produce sensible perspiration, will pre- 
sumably increase the proportion of heat dissipated 
hy ■'’aporization. Sw'eat secretion without sensi- 
ble perspiration may account for the increase in 
■'■aporization noted by Newburgh when a subject 
cxpteriences a feeling of uncomfortable warmth. 
That large amounts of w'ater may be vaporized 
from the skin without the intermediation of the 
sw-eat glands has been adequately demonstrated, 
lu subjects vnth congenital absence of the sweat 
glands the percentage of heat lost by vaporization 
’s normal unless the metabolism is greatly in- 
'^e^ed by work, in which case the rise in vapori- 
zation is deficient (19, 20). From the washings 
cf the skin of a normal subject who had remained 


unbathed for one w’eek during which he experi- 
enced no sweating nor sensation of tmcomfortable 
warmth, no appreciable amount of Q was re- 
covered, indicating that the large amount of water 
vaporized during the w'eek was supplied without 
the aid of the sweat glands (21). Vasti (22), by 
an ingenious method for the detection of activitv' 
of the sweat glands over small areas, foimd evi- 
dence of activity in only 5 normal subjects at rest, 
and in these cases the water losses from the same 
areas were 18 to 72 per cent higher than those ob- 
serv'ed in the remainder of the subjects. No note 
is made concerning the presence or absence of 
sensible sweating in these experiments, although 
presumably it did not occur. Vasti noted also 
that in other experiments when the environmental 
relative humiditv- was increased without change of 
environmental temperature vaporization decreased 
until the relative humidit}- approached 80 per 
cent, when it began to increase. At this point the 
subjects experienced a sensation of uncomfortable 
warmth. If this sensation of uncomfortable 
warmth is an indication of sweat gland activitv', 
it may be that the exclusion of experiments in 
which this occurs, which has been recommended 
by Newburgh, may eliminate the factor of ac- 
tivity of the sweat glands. Even so, this require- 
ment imposes a marked restriction upon experi- 
ments conducted on non-resting subjects since 
sweating can apparently be induced under certain 
conditions by changes of humidit}' as well as en- 
vironmental temperature. Activity of the sweat 
glands at high environmental humidit}' might 
serv'e to facilitate evaporation by supplying a solu- 
tion on the skin surface which has a higher vapor 
pressure than that of the isotonic fluid of the 
epidermis. 

It is probably true that for normal subjects and 
with some exceptions for diseased subjects a 
fairly constant proportion of the heat production 
is eliminated through the process of vaporization 
of water under conditions of rest or of slight ac- 
tivity such as dressing and undressing, standing, 
and walking about the calorimeter, whether or 
not food is taken, when conditions of temperature 
and humidity are reasonably constant. It has 
been noted that the individual variability is of the 
order of dz 10 per cent, however, and th.at certain 
individuals tend to varv- constantly in one direc- 
tion from the mean. Furthermore when the me- 
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tabolisiri is increased by the performance of work, 
a greater proportion of the heat produced is dissi- 
pated by vaporization. It is possible that this oc- 
curs only when sweat secretion is called into play. 

Heat loss by vaporization bears a fairly con- 
stant relationship to total heat elimination during 
changes of body temperature (23, 24, 25, 26) but 
heat elimination falls short of heat production 
during increases of temperature and exceeds heat 
production when the temperature falls. There- 
fore, while vaporization parallels heat elimination, 
it becomes totally unrelated to heat production 
under these circumstances. If the specific heat 
of the body is assumed to be 0.83, for a subject 
of 60 kgm. an increase in body temperature of 1° 
C. will require that heat production exceed heat 
elimination by 60 X 0.83 = SO calories. For 
studies of 24 hours or more such changes have 
relatively little significance. For studies over 
shorter periods, changes of 0.5° C., which may 
occur even physiologically are significant. With 
greater changes in body temperature, such as oc- 
cur in disease, the significance is much greater. 
For example, during a malarial chill, Barr and 
DuBois (24) found that the heat production of 
subject George S, was 153.1 Cal. in 40 minutes 
while the heat elimination was only 53.7 Cal., the 
difference serving to raise the rectal temperature 
2° C. During this period, 16.7 Cal. were dissi- 
pated by vaporization. This is approximately 31 
per cent of the total heat eliminated, but only 
11 per cent of the heat produced. Temperature 
changes of considerable magnitude are frequently 
encountered in disturbances of metabolism with- 
out infection, for example, in recovery from dia- 
betic acidosis, during which determinations of in- 
sensible losses and water balances have been at- 
tempted in this Department. It is apparent that 
if vaporization is to be used as a measure of heat 
production in such cases, a correction must be 
made for change in body temperature. It is also 
conceivable that in such cases a considerable 
amount of the heat produced is used to warm the 
large amounts of fluids administered, so that heat 
elimination falls even further short of heat pro- 
duction. It would require, for example, 48 calo- 
ries to raise the temperature of 3 liters of fluid 
given at 20° C. to the temperature of the body. 
This might be quite significant in short periods 

of study. 


During the sleeping hours vaporization is 
greater in proportion to heat production than it 
is during the waking hours. Thus Benedict and 
Carpenter (15) found that during the 6 hours 
from 1 a.m. to 7 a.m., 17 subjects eliminated by 
vaporization 27 per cent of the total heat pro- 
duced, while during the waking hours the average 
for the same subjects was 21 per cent. For 24 
hours the average was 23 per cent. The usual 
fall in body temperature of 0.5° C; during the 
night and comparable " rise during the waking 
hours could account for the higher percentage of 
heat eliminated by vaporization during the night. 
In any event it would be absurd to use the same 
factor to convert water of- vaporization to total 
heat production in short experiments conducted 
during the day and during the night. 

Unreasonably large variations in the relation- 
ship of insensible water to heat production have 
been frequently encountered in experiments of 
our own conducted even over long periods. Data 
from some of these are presented in Table III. 
The methods employed in these experiments are 
comparable in accuracy to those of Newburgh. 
Body weight was determined on a silk balance 
capable of measuring within ±: 5 grams. The 
weights of diets measured in the diet kitchen 
agreed closely with those of duplicate diets 
weighed in the laboratory. Stools were sent im- 
mediately to the laboratory for weighing. Urine 
was saved at the bedside until the end of a 24 
hour period, when it was removed and weighed 
by the author. The first 4 cases are patients 
with nephritis, the fifth a patient with diabetes 
insipidus. In all of these, extremely large vari- 
ations in the volume of fluids in the body oc- 
curred during the course of study. The subjects 
were asymptomatic and confined to bed at all 
times. The room temperature was kept at about 
20° C. No sensible perspiration or uncom- 
fortable warmth was noted. The experimental 
diets were used for at least 3 days previous to 
the beginning of our observations. In spite of 
this the insensible loss is seen to vary widely dur- 
ing individual periods in each case. Since all the 
precautions prescribed for the use of the method 
were obserr^ed, these experiments can not be ex- 
cluded merely because they fail to fulfill expecta- 
tions. 

The last experiment was conducted upon the 
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TABLE in 


Insensible weight loss (^Author’s experiments) 


Sabject 

Dura- 

tion 

Diet 

JE 

Body 

weight 

Na 

of serum 

7EX2.2 



calories 

grams 



calories 



perS4 

fa- £4 

hgm. 

m.Eq. 

ferS4 



hours 

hours 



hours 

J. McC. 

2 

2630 

1702 

67.55 


3745 


2 

2564 

1250 

67.69 


2750 


2 

2595 

1742 

67.34 


3832 


2 

2568 

1554 

67.80 


3420 





68.04 



D. C... 

2 

2455 

1832 

63.42 


4031 


2 

2488 

1524 

64.74 


3352 


2 

2461 

1019 

64.88 


2241 


2 

2464 

1717 

64.96 


3780 


2 

2511 

1420 

64.99 


3122 





65.23 



P. F.... 

2 

2697 

1215 

62.33 


2673 


2 

2671 

1386 

61.66 


3050 


2 

2673 

1224 

61.38 


2692 


2 

2791 

1667 

61.31 


3670 


2 

2724 

1632 

60.11 


3591 





59.64 



J. M... 

2 

2531 

1101 

49.50 

131 

2421 


2 

2528 

1019 

49.99 


2241 


2 

2508 

1310 

51.10 

125 

2881 


2 

2450 

1134 

52.10 


2495 





54.41 

134 


M. C... 

2 

2024 

840 

73.46 

152 

1848 


2 

2145 

1112 

74.54 

144 

2446 


2 

2120 

1190 

76.30 

135 

2620 


1 

2260 

1069 

74.15 

145 

2351 


1 

2220 

1664 

74.25 

147 

3660 


1 

2060 

851 

77.44 

138 

1872 





74.60 

145 


P.L.... 

2 

3090 

1558 

74.72 


3430 


2 


1419 

74.64 


3120 


2 


1477 

74.92 


3250 


2 


1333 

74.92 


2935 


2 


1437 

74.36 


3161 


2 


1265 

74.09 


2785 


2 


1507 

74.43 


3317 


2 


1646 

74.60 


3621 


2 


1529 

74.63 


3365 


2 


1470 

74.63 


3235 





74.40 




author who pursued his ordinary' actiwties during 
the twent}* days of the study. During the fourth, 
fifth and sixth periods he took 40 grams of urea 
daily, producing a slight water loss as indicated 
fiy change of body weight. There were no sjanp- 
toms referable to the urea ingestion. During 
these urea periods the average daih" insensible loss 
Was far below that of the other daj'S ; in fact it 
"■as lower than the smallest loss noted on ant" 
other da\’. There is no reason to believe that the 
urea decreased the energ}' metabolism to a com- 
parable extent. Certainly in these experiments 


any prediction of total metabolism from insensible 
loss must be erroneous even for 24 or 48 hour 
periods. Some factor must be present which 
causes the relation of vaporization to heat produc- 
tion to vary widel}- from the accepted value. 

Much e%-idence has accumulated to shovr that 
changes in the volume of fluid in the body have 
a profound effect on the proportion of heat lost 
by vaporization. Manchester, Husted and ife- 
Quarrie (27) found that insensible weight loss 
increased when excessive amoimts of fluid were 
stored under the influence of pituitrin, and de- 
creased during dehydration produced by fluid re- 
striction and ketogenic diets. Newburgh and 
Johnston (28) have suggested that these results 
are referable to the fact that the calculations vrere 
based on insensible weight losses and not on in- 
sensible water losses, and have presented eridence 
to show that vaporization is uninfluenced hy 
changes in body water of as much as 6 per cent. 
Lerine, Wilson and Kelly (29) were unable to 
demonstrate that ordinary variations of fliu'd in- 
take affected the insensible water losses of infants. 
In dehydrated infants, however, Lerine and Wy- 
att (30) found that insensible losses were dis- 
tinctly reduced, returning to normal after the vol- 
ume of fluids in the body had been restored. 
Jores (31) has found that the insensible loss is 
abnormally small in states of dehydration and 
may vary' during diuresis or the accumulation of 
edema. Robert (32) noted striking increases of 
insensible perspiration when the volume of fluid 
in his normal subject was expanded under the in- 
fluence of pituitrin and fluid administration. In 
our ou-n experiments, although unusually large 
changes in insensible loss were assodated v.dth 
large changes of the volume of fluid in the body, 
no correlation between the tivo could be detected. 

The discovery by Gilman and Barbour (33) 
that insensible water losses are rdated to the os- 
motic pressure rather than to the volume of body 
fluids offers an attractive but not entirely satis- 
factory solution of the problem. On purely phys- 
icochemical grounds it is impossible to explain 
why a 10 per cent increase of -vapor pressure 
should cause ^-aporization of irater to increase 50 
per cent, yet these are the magnitudes of the 
changes noted by these observers. Such a q-uanti- 
tative discrepancy suggests that the ch.a.nge of 
■vaporization must be provoked by some attendant 
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physiological reaction. This may possibly have 
an adaptive purpose. The insensible perspiration 
is peculiarly fitted for such a purpose since it is 
apparently able to eliminate water without appre- 
ciable amounts of solutes. How vaporization of 
water and heat loss by radiation can be simul- 
taneously varied in opposite directions by such a 
physiological reaction it is hard to see, unless cer- 
tain parts of the mechanism for the dissipation of 
heat are especially adapted to one or the other of 
the two functions. If the proportion of the heat 
lost by vaporization does fluctuate, it follows that 
the loss by radiation must vary in the opposite 
direction if the temperature of the body is to re- 
main constant. 

If the conflicting evidence presented above is 
reviewed, it seems quite possible to ascribe the 
disagreement to differences in the particular meth- 
ods by which the volume of body fluids was 
changed in the various experiments. The pitu- 
itrin experiments seem particularly important be- 
cause it has been clearly demonstrated that this 
hormone causes the retention of water without a 


proportional amount of salt. The simultaneous 
administration of pituitrin and water should, 
therefore, lower the osmotic pressure of the fluids 
of the body. This is well illustrated by experi- 
ments of Robert (32). He gave to a normal 19 
year old male, who subsisted on a constant diet 
containing fixed quantities of fluid and salt, on 
separate days 1500 cc. of water with and without 
injections of pituitrin, pitressin or pitocin. After 
water alone there was a rapid diuresis, unaccom- 


panied by any appreciable reduction of the os- 
motic pressure of the serum, measured either by 
cryoscopy or inorganic analysis. The extrarenal 
loss of weight during the 4 hours which include 
the diuresis did not differ appreciably from that 
of the succeeding 4 hours. Pitocin, which modi- 
fied the renal excretion of water but little, also 
failed to affect the insensible loss. On the other 
hand, after pituitrin and pitressin, but little of 
the water was eliminated in the urine during the 
first 4 hours, although the excretion of chloride 
was not greatly modified. Under these circum- 
stances, during the first hours the osmotic pres- 
sure of the serum fell and simultaneously the in- 
sensible loss of water increased. 

These experiments conform to the theory of 
Gilman and Barbour ( 33 )^In other cases, in- 


dubitable variations of insensible loss have been 
reported when, presumably at least, the osmotic 
pressure of the body fluids remained unchanged. 
In this category belongs Benedict’s (34) study of 
a subject during a 30 day fast, the relevant data 
of which are presented in Table IV. In the first 

TABLE IV 

Comparison of energy expenditure measured with that 
estimated from insensible loss in Benedicts 
fasting man (34) 


Days inclusive 

Calories 

measured 

Calories 
calculated 
from IW. 

(Na+X) urine 

WB* measured 




m.Eq. 




kgm. 

1 to 6 

9999 

13150 

144 

7 to 12. ... 

8745 

8780 

155 

13 to 18.... 

7950 

7190 

146 

19 to 24 

7508 

7150 

137 

25 to 31 

8808 

8800 

120 


* Water balance. 


2 columns the heat production according to Bene- 
dict’s own estimates is /compared with that calcu- 
lated from the insensible water loss. The latter 
was calculated from the body weight changes, 
urine weights and gas exchange, using Benedict’s 
estimates of the food metabolized for the deriva- 
tion of the gas exchange. During the first 6 days 
the heat production estimated from insensible wa- 
ter loss exceeds the measured heat production by 
more than 30 per cent. Subsequently the agree- 
ment between the two methods is reasonably satis- 
factory. Obviously during the initial diuresis 
provoked by the fast in this subject, loss of water 
by vaporization was also accelerated ; the ratio of 
(Na -f- K) to water loss which is presented in the 
last column, nevertheless, gives no evidence that 
the osmotic pressure of the body fluids was re- 
duced by excessive loss of salts during this period. 
In fact this ratio is higher during the second pe- 
riod when the value for metabolism calculated 
from insensible loss agrees almost exactly with 
Benedict’s measurement. 

In some of our cases (see Table III), it has 
already been noted that, though the metabolism 
must have been quite constant from day to day, 
the insensible loss was so variable that it could 
hardly be related quantitatively to energy produc- 
tion No correlation can be discovered between 
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the insensible loss and either the volume of body- 
fluids or changes in this volume. For example, 
in Subject P. F., while the water balance is con- 
stantly strongly negative, as evidenced by the 
rapid loss of weight, the insensible loss in the last 
2 periods greatly exceeds that of the earlier pe- 
riods. That is, the insensible loss increased, al- 
though the volume of fluid in the body decreased. 
In Subject D. C., there is marked storage of wa- 
ter. The largest insensible loss occurs, however, 
in the first period when the volume of body fluids 
is smallest. In Subject J. M., retention of water 
was induced by giving large amounts of fluids, 
during the first 4 days without salt, during the last 
4 days with salt. During the first 4 days, the 
base of the serum fell about 5 per cent while 
during the follo-^ving 4 days the reverse is true. 
According to Gilman and Barbour, this should re- 
sult in an increase of insensible loss above the 
normal during the first 4 days with a correspond- 
ing decrease during the last 4 days. Actually the 
average daily insensible loss of the last 4 days ex- 
ceeds that of the first 4 days by 162 grams. Fur- 
thermore, although the average osmotic pressure 
of the body fluids during the beginning and end 
of the experiment must have been considerably 
higher than during the mid-portion, the average 
daily insensible loss of the flrst two days and last 
two days of the experiment falls short of that of 
the interv'ening 4 days by only 47 grams daily. 
In this experiment the changes in osmotic pres- 
sure of the body fluids are probably slowly pro- 
gressive in contrast -with the rapid changes in- 
duced by Gilman and Barbour, so that the t\vo are 
not strictly comparable. The increase in volume 
of body fluids is approximately t^vice as great 
during the last 4 days of the experiment as it 
is during the first 4 days. The insensible loss 
is greater during the last 4 days, which is com- 
patible with the findings of Manchester, Husted 
and iIcQuarrie. During the last 2 days, how- 
over, when the hydration of the body is greatest, 
the insensible loss is less than during the rivo pre- 
ceding days, and is little greater than during the 
first 2 days -^vhen the subject -n’as relatively greatly 
dehydrated. In Subject M. C., the volume and 
Osmotic pressure of the body fluids were varied 
greatly by the administration of pituitrin and dif- 
ferent amounts of salt. Extreme variabilitv- of 
insensible loss is noted, and although the greatest 


insensible loss occurs during the fifth period when 
the water retention is greatest, the next largest 
insensible loss occurs during the third period 
■when there is a loss of over 2 kgm. of fluid from 
the body, and the smallest insensible loss occurs 
in the first period -n'hen there is an increase of 
over 1 kgm. in the volume of body fluid. With 
the concentration of base in the serum, and pre- 
sumably, therefore, the osmotic pressure of the 
body fluids, decreasing constantly^ during the first 
2 periods, the average daily insensible loss is 
smaller than it is in the subsequent 2 periods -a'hen 
the base of the serum rises greatly. In this case 
the variations in insensible loss can be related to 
changes in neither the volume nor the osmotic 
pressure of the body fluids. 

These experiments not only indicate extreme 
rariabih't}' of insensible perspiration, but also af- 
ford material to test the predictabih'^' of total 
metabolism from insensible perspiration. In the 
first 4 experiments, the subjects -were maintained 
on the experimental diet for a considerable period 
before the experiments -v^’ere conducted. The di- 
ets should have been quite adequate, and in all 
cases protein v,'as stored. It seems improbable 
that the -wastage of fat indicated by calculation 
of total metabolism from insensible perspiration 
in the first three experiments actually occurred 
under these drcumstances. One can only con- 
clude that an tmusually' large proportion of the 
heat produced was eliminated by vaporization. In 
the fourth experiment, the subject of which had 
nephritis, hypertension and heart disease of rheu- 
matic origin, the insensible perspiration indicates 
approximate energy equilibrium for the entire 
study, which is reasonable. The essential dif- 
ference between the first three experiments in 
which vaporization was e.xcessive and this one in 
which the normal relationship between vaporiza- 
tion and total metabolism obtains is not clear. It 
may be added that in all of these experiments, as 
well as in similar additional experiments, in which 
ordinary- mixed diets have been employed, it 
makes little difference whether metabolism is esti- 
mated from the measured insensible weight loss, 
as has been done in Table III, or from insensible 
water loss calculated indirectly according to the 
method of Xewburgh, Wiley and Lashmet. 

That Newburgh’s e,xperirnents s'no-.v remark- 
able agreement bet-vveen actual and predicted m.e- 
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tabolism over long periods of time can not be 
doubted. Under restricted conditions the insensi- 
ble perspiration may yield valuable information 
concerning the energy metabolism, which can be 
obtained otherwise in no way short of direct calo- 
rimetry, It seems extremely doubtful, however, 
in view of the mass of experimental evidence to 
the contrary, that the method is applicable during 
conditions of changing hydration, or of value in 
the study of edema and diuresis, as has been as- 
serted by Lashmet (35). 

SUMMARY AND CONCLUSIONS 

An attempt has been made to evaluate the er- 
rors attendant upon the determination of water 
balance by the commonly employed method de- 
scribed by Newburgh and his associates. This 
method attempts, by correcting changes of body 
weight for changes in the solid constituents of the 
body, to measure the actual exchange of water. 
These changes in solid constituents of the body, 
except under most unusual circumstances, do not 
exceed 100 grams daily, and usually lie well below 
this value. It follows that the combined errors 
of the determinations must be equally small if the 
method is to possess any practical value. Actu- 
ally it has been shown that even the determination 
of dry weights of food and excreta may be sub- 
ject to quite significant error. The assumption 
that carbohydrate fed and burned are equal is 
open to grave objection in experiments under 
varied conditions of nutrition, and the estimation 
of carbohydrate fed from food tables is probably 
subject to an error of at least ± 5 per cent. Any 
error in the estimation of carbohydrate burned, 
however, will be balanced in part by a consequent 
opposite error in the estimation of fat burned in 
the formula 

^ 7L — 2.12(76 — 1.69Pz, 

3.78 

Assuming that the amounts of carbohydrate and 
protein metabolized can be accurately estimated, 
the value for fat burned depends upon an accurate 
prediction of total energy production. For this 
purpose Newburgh has proposed to make use of 
the constancy of the relationship between water 
vaporized from the body and heat production. 
The error attendant upon such predictions has 
been shown to be great. The use of an average 


value for vaporization might result in any indi- 
vidual in a systematic unidirectional error of 10 
per cent in the estimation of metabolism. At a 
metabolism of 3000 calories per day, this would 
introduce an error of 300/9.3 = 32.4 grams per 
day into the estimation of fat burned, and thus 
of water exchange. With the greater variability 
in this relationship noted in experiments on dis- 
eased subjects, a proportionately greater error 
may occur. The most extreme variability has 
been observed in experiments in which the vol- 
ume of fluid in the body is greatly altered, the 
very experiments which are most interesting from 
the standpoint of water exchange. It has also 
been suggested that, contrary to the statement of 
Newburgh, Wiley and Lashmet, when work is 
performed, the difference between total energy 
production and heat elimination need not be in- 
'significant. Furthermore, at least when work is 
productive of sensible perspiration, the proportion 
of heat eliminated by vaporization increases 
greatly over the basal value. The magnitude of 
the errors incurred in the determination of water 
exchange by this method are, except in extremely 
limited conditions, great enough to make it quite 
impracticable. 

At best the method affords no knowledge con- 
cerning the allocation of these fluids within the 
body. It does not distinguish between changes 
in the volume of fluid in the cells, interstitial 
fluids or gastro-intestinal tract although changes 
in these various compartments of the body fluids 
must have widely differing significance for the 
body economy, 
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Dessauer and his associates in Germany (1) 
have published a series of papers on the effects 
of artificially ionized air on normal and patho- 
logical subjects, which have aroused considerable 
interest among students of ventilation. The re- 
sults obtained indicate that positive and negative 
ions produce, respectively, opposite physiological 
and subjective effects. Positive ions seem to in- 
crease the respiratory rate, basal metabolism and 
blood pressure, and in general produce unpleasant 
subjective symptoms. Subjects in the Dessauer 
experiments complained of headache, a sense of 
fatigue, nausea, dizziness, and general malaise 
when exposed to these positive ions. Negative 
ions, on the other hand, decrease the physiologi- 
cal functions mentioned above, and were often 
accompanied by a feeling of exhilaration and well 
being. 

The most striking results were claimed in the 
treatment of cases of essential hypertension un- 
complicated by renal or cardiac disease. With 
this group of subjects a considerable reduction of 
blood pressure after repeated exposure to nega- 
tive ions was reported. This reduction tends to 
persist for some time after the cessation of the 
treatment and the treatment was considered as 
of fundamental therapeutic importance. The re- 
ported data on normal subjects is less extensive, 
but in general seem inconclusive except with re- 
spect to the subjective symptoms. 

Kiister (6), working in another department of 
the University at Frankfort, claimed similar ef- 
fects upon metabolism under practical conditions 
of ventilation as a result of the use of an air- 
conditioning system producing smaller negative 
ions. 

The problem of atmospheric ionization in rela- 
tion to health and ventilation has been dealt with 
by Yaglou and his associates at Harvard Univer- 
sity, In two of the papers of this series (2) (4) 
extensive data were reported on the physiological 


and subjective changes in human subjects after 
exposure to artificially ionized air (ions of the 
small molecular type were used). The data 
seemed to substantiate in part Dessauer’s report 
of the subjective reactions. The physiological 
findings do not agree with those of the Germans 
as they show no relation to the sign of the ion 
used, or, within limits, to the concentration. In 
the first of these two papers (4) the authors, how- 
ever, suggest that their data on total metabolism, 
respiratory rate, pulse rate, and blood pressure be- 
fore and after ionization indicate a normalizing 
effect of ionized air (irrespective of polarity) on 
these physiological functions. In other words, if 
blood pressure, for example, were high, ions of 
either sign tended to lower it — if low, they tended 
to raise it. In the second paper (2) the authors 
state that “ subsequent experiments with im- 
proved apparatus have not entirely confirmed our 
preliminary observations and Dessauer’s conclu- 
sions ” ; and that ’’ under the conditions of the 
present experiments nothing definite was found to 
justify the use of artificial ionization in general 
ventilation.” 

It should be mentioned that the Dessauer stud- 
ies were made with an apparatus which supplied 
artificially ionized air (of either polarity) in 
which the ions consisted largely of charged sub- 
microscopic particles of magnesium oxide dust 
with a motility range from .007 to .0018 centi- 
meters per second per volt per centimeter. In 
some instances the entire air of the experimental 
room was charged, in others the ionized air was 
delivered through a funnel placed over the sub- 
ject’s face. Ion counts were usually 10° ions per 
cubic centimeter or more. Ions in this range of 
motility reach the lungs in the inspired air and 
are precipitated there in considerable quantities. 
The actual amount of transported material, mag- 
nesium oxide, is very minute. In the course of 
a half hour’s respiration of ionized air about .33 
mgm. of solid material is inhaled, of which about 
.005 mgm. of charged material is retained (Des- 
sauer (I))- 


1 Contribution No. 3, John B. Pierce Laboratory of 
Hygiene. 
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In the studies of Yaglou and his associates the 
ions used were of the small molecular type hav- 
ing on the average a motility of 1.3 centimeter 
per volt per centimeter in the breathing zone of 
the experimental chamber. According to Des- 
sauer ions of this type do not reach the lungs. 
The external surfaces of the subject, however, 
are exposed to their action. 

The results of the researches mentioned here 
indicate that the physiological effects of arti- 
ficially ionized air on normal subjects, if any, 
are of small degree and subtle in character. Des- 
sauer’s published data on normal subjects (using 
large ions) are scanty and certainly do not indi- 
cate any ver^' striking effects. Kiister’s results 
are suggestive but may well have been due to 
some factor other than ionization since what he 
was comparing was really a room atmosphere 
with and without air conditioning. Yaglou’s last 
results seem to be negative, but he worked only 
with small ions which Dessauer believes to be 
without important influence. 

It would certainly seem that rather large ions 
of the Dessauer type which can penetrate most 
deeply into the lungs should be in position to 
produce a maximum effect. It seemed to us, 
therefore, desirable to apply the Dessauer tech- 
nique in an intensive study of a group of normal 
subjects of as nearly comparable physical status 
as possible (health, age, sex, etc.). Such a study 
should be thoroughly controlled from a psycho- 
logical standpoint and sufficiently prolonged to 
allow of an opportunity for the appearance of 
cumulative effects. The present program has 
been undertaken in an effort to close this gap in 
the literature on the subject. 

APP.ARATUS and method of ADMINISTR.VTION 
The ion generator used in the present study was 
identical with that used in the more recent Des- 
sauer studies, and was constructed at the Institute 
of Experimental iledidne at the University of 
Frankfurt-am-lvlain. The apparatus is fully de- 
scribed in the principle Dessauer reference (1). 
It consists essentialty of an elongated glass con- 
tainer through which 1 to 2 liters of filtered air 
per second are blowm. Situated in this container 
IS a small block of pressed magnesium oxide 
which is heated by a platinum coil to a tempera- 
ture of about 950° C. Large numbers of ions 


of both polarities are given ofit from this ion- 
donator to the passing air. Ions of the undesired 
sign are filtered out as the air stream passes 
through a wre grid which is charged to a high 
potential of appropriate polarity. The imipolar 
air stream is cooled as it passes through a tube 
in a water hath and delivered through a glass tube 
to the experimental chamber. The iom'c content 
of the air stream is measured as it leaves the cool- 
ing coil with a suitabty calibrated silver leaf elec- 
troscope. The ionic concentration at this point 
is from 1.7 to 2.0 X 10' positive or negati\-e ions, 
with mobilities in the range of from .007 to .0018 
centimeters per second per volt per centimeter. 
They consist largel}' of charged submicroscopic 
particles of magnesium oxide. 

The ions were administered to the subjects in 
our experiments by leading the air stream in a 
glass tube through a wall into a small metabolism 
room which adjoined the laboratorj' in which the 
generator was set up. Here subjects reclined 
comfortably on adjustable beds and breathed the 
ionized air which was directed on to the face by 
funnels w'hich fitted loosely over the head and 
assured a high concentration of ions in the breath- 
ing zone. Two subjects could be accommodated 
at a time. The temperature of the metabolism 
room was maintained at approximately 70° F., 
with normal indoor humidities. 

Ion counts made in the breathing zone showed 
a concentration of 5 to 6 X 10^' ions (5,000,000 
to 6,000,000) per cubic centimeter. These counts 
were made with a portable ion counter similar to 
that used bj' the Dessauer group (1). After 30 
minutes ionization the concentration of ions in 
the middle of the room was about .5 X lO’ (500,- 
000) per cubic centimeter. When the ion gen- 
erator was turned oft this concentration fell in 
15 minutes to .1 X lO’ (100,000) per cubic centi- 
meter. After 30 minutes the count had a usual 
value of .04 to .07 X lO'- (40,000 to 70,000) per 
cubic centimeter. The counts were about the 
same for negative and positive ions. Wlicn posi- 
tive ionization was used the count for negative 
ions was practically zero, and vice \'ersa. 

EXPERIMENTAL ROUTINE 

Each subject was contracted with for a pro- 
gram of 15 or more separate e.xper!rT:en:s, eac.h 
experiment to be performed on a separate day a.nd 



the series to be completed in two to three months. 
Subjects were paid for their services. Each sub- 
ject was expected twice a week, but it was under- 
stood that this routine would be interrupted if 
minor illness, overwork, or some special indul- 
gence or recreation had occurred on the day or 
night previous to the experiment. As the sub- 
jects were, with one exception, all medical stu- 
dents, the significance of these instructions was 
appreciated and intelligent cooperation elicited. 

Only male subjects were used. They ranged 
in age from 18 years 8 months to 25 years 8 
months. All were in excellent health and had 
been pronounced normal on recent medical ex- 
amination. Two subjects had suffered rheu- 
matic attacks 4 to 5 years earlier. Previous to 
the actual experimentation each subject was put 
through the entire routine and the data dis- 
carded. None of the subjects were told that the 
experiment was concerned with the effects of 
ionized air. Most of them learned of it before 
the experiment was finished. The novelty of the 
experimental situation had so completely worn off 
by this time that none of them showed any real 
concern as to the matter. Each subject spent 
from 55 to 60 hours in test periods of 3% hours 
at rest and without decided movement or con- 
versation. 

The experiments were divided into two groups 
(1) a morning group under standard basal con- 
ditions, and (2) an afternoon group tested after 
a standard low calorie lunch taken at 12 o’clock 
at the laboratory and followed by a rest period 
of two hours after which tests were made. 

Six subjects comprised the morning group. 
They arrived in teams of two at the laboratory 
at 10 o’clock on the night preceding the morning 
tests. They slept until 6 a.m. in the comfortably 
equipped test rooms of the laboratory which were 
held at a temperature of approximately 60° F. 
At 6 a.m. they were awakened, allowed to urinate, 
and transferred to the metabolism room. After 
45 minutes the test routine was begun. Thirty 
minutes before this - routine began the motor 
blower of the ion generator had been turned on 
in order to adapt the subject to the slight hum 
of the motor and the sensation of moving air on 

the face. , ire i • f 

The afternoon group consisted of 5 subjects. 

The subjects took a light breakfast on the day of 


the test and arrived at the laboratory at noon. 
They were given a low ’ calorigenic lunch (Bene- 
dict and Benedict (3)) consisting of 

1 cup (200 cc.) of caffeine-free coffee, 

16 mgm, of saccharine, 

30 grams of medium cream, 

25 grams of potato chips, 

and immediately reclined on the beds in the me- 
tabolism room and rested until 2:00 p.m., and 
after this rest period tests were begun. 

No variation whatsoever was permitted from 
this routine. Subjects arriving late or reporting 
strenuous activity were dismissed and taken on 
another date. Under these regulations subjects 
in both morning and afternoon groups showed 
minimal variations in the physiological functions 
measured and there is no doubt that extraneous 
factors were eliminated to a very high degree. 

The following observations were made during 
each experimental period. Basal or total metabo- 
lism (depending upon whether the morning or 
afternoon group is considered), blood pressure, 
respiratory rate, pulse rate, oral temperature, and 
total urine volue. At the end of the experiment 
subjects were given an opportunity to comment on 
their subjective state. 

The experimental program as a whole was di- 
vided, for each subject, into three series of 5 ex- 
periments each, which gave a total of 15 separate 
experimental periods for every subject. In the 
first series of 5 experiments, designated as the 
Positive Series, the subject received positive ions 
during a period of ionization preceded and fol- 
lowed by control periods. The second series of 
5 experiments was identical except that negative 
ions were administered in the middle period. In 
the third series, no variation was made from the 
previous routine except that the air stream during 
the middle period contained no ions. 

Each single experimental session of the 15 was 
thus divided into 3 periods. 

a. First normal. Thirty minutes before the 
end of the preliminary rest period the motor 
blower was turned on and the subject allowed to 
rest with the air stream blowing on his face, 
(The air supplied was filtered air from the labora- 
tQj-y — no ions were added.) At the end of this 
period, oral temperature, pulse rate, blood pres- 
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sure, and metabolism were taken in the order 
named. 

b. Test period. As soon as the last measure- 
ment had been taken in the first normal period 
either positive (Series 1) or negative (Series 2) 
ions or no ions at all (Series 3) were added to the 
air stream and the subject allowed to breathe the 
ionized or un-ionized air for 30 minutes. The 
routine observations were repeated at the end of 
this period. 

c. Second normal. As soon as the measure- 
ments in period (b) had been completed the heat- 
ing current on the ion-donators was shut off and 
the subject allowed to breathe un-ionized air as 
in the first normal period. After 30 minutes the 
observations were repeated as in periods (c) and 

W- . 

Subjects were then questioned as to their sub- 
jective state on which they were allowed free com- 
ment. At this point, they visited the washroom 
and reported the total urine volume. This con- 
cluded the experiment. 

The temperature and velocity of the air stream 
was carefully regulated so that there would be no 
cues which might distinguish the ion period from 
the two normal periods. In like manner the Posi- 
tive, Negative and Control Series, as groups, were 
carried out with identical technique. It should 
be mentioned that the Control Series was dirided 
into 3 periods and treated precisely as if the mid- 
period had contained ions. 

Metabolism was determined by the closed cir- 
cuit oxj-gen consumption method using the Bene- 
dict-Roth apparatus. Most of the subjects were 


familiar with the technique and 3 'ielded satisfac- 
tory records. 

Blood pressure was determined bj' the auscul- 
tatory' method using a mercury manometer. The 
first clear sound was taken as the systolic pressure 
and the beg innin g of the fourth phase as the dia- 
stolic pressure, 

RESULTS 

The only deriation from the program outlined 
above consisted in 3 series of 4 experiments each 
rather than 5 each carried out on 2 of the 11 sub- 
jects. In all 159 experiments were made, of 
which 90 were on morning subjects and 69 on 
afternoon subjects. There was no important dif- 
ference betv.-een the tv.'o sets of records except 
that the steady states for the rarious measures 
tended to be sh'ghtly higher for the afternoon 
group. In riew of this similarity the results for 
the two groups have been consolidated. 

Three types of controls are incorporated in the 
data. (1) Normal control periods preceding and 
follounng the ion period in each individual test. 
(2) A complete Control Series duplicating the 
Positive and the N^;ative Series. (3) Contrast 
control, consisting of a comparison of the changes 
during ion periods in the Positive Series vrith 
those occurring during the ion period in the Nega- 
tive Series. 

In Table I are reproduced the complete data for 
the Positive Series on one subject, Wi. It can 
readily be seen from this typical case that while 
variations do occur in individual experiments 
which are suggestive, they lose their significance 
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on repeated observation. For example, the basal 
metabolic rate is increased in the Positive Series 
in Experiment 90, but decreased in Experiment 
111. Repetition of the experiment, however, de- 
fines these differences as lying well within the 
range of normal variability. 

It is impractical to reproduce all of the original 
data here. They can be illustrated, however, by 
abstracting the most significant variations in the 
data for individual subjects. In Table III, I have 
summarized these data on metabolic rate for indi- 
vidual cases. It is assumed that since all of the 
functions measured show a considerable variabil- 
ity the proper evaluation of such differences as do 
occur should involve the employment of the ac- 
cepted statistical techniques for interpreting mean 
differences between measurements made under 
control and experimental situations. 


The most convenient device for this purpose is 
the ratio of difference observed between compared 
means to the standard deviation of the difference 
(5)). This is often called the Critical 
Ratio. Critical Ratios above 3 are usually ac- 
cepted as indicating that some constant factor 
has entered into the values forming the one mean 
which was not present in the other case. The 
formula is : 


D 

+ SDhf, 


Critical Ratio. 


In this formula D is the difference between the 
two mean values. SDm, is the standard deviation 
of one mean, SD^f^ the standard deviation of the 
second mean. 

TABLE III 

Maxivinm change \ m metabolic rate (in total calories 
per hour) 


TABLE II 

Consolidated results for one subject — N 

(Each figure is the mean of S observations and is ac- 
companied by its standard deviation.) 


Experimental 

series 

Number 
of exper- 
iments 

1 1st period i 
normal 

2d period 
ions 

3d period 
normal 

Blood pressure — Systolic, mm. Hg 

Positive. . . . 
Negative . . . 
Control 

5 

S 

5 


105 ± 2.6 
100 ± 4.1 
103 ± 4.7 

105 ± 2.6 
102 ± 1.6 
103 ± 3.3 

Blood pressure — Diastolic, mm. Hg 

Positive. . . . 
Negative . . . 
Control 

5 

5 

5 

70 ± 4.2 

67 ± 2.1 

68 ± 3.2 

71 ±3.9 
62 ± 3.5 
70 ± 4.3 

70 ± 2.2 
68 ± 3.0 
66 ± 3.0 

Basal metabolism — total calories per hour 

Positive. . . . 
Negative . . . 
Control 

5 

5 

5 

59.6 ± 2.3 
65.4 ± 4.4 
62.1 db 1.9 

61.4 ± 4.4 
61.2 ± 4.2 
61.2 ± 1.6 

61.7 ±2.6 

62.0 ± 3.6 

61.1 ± 3.3 

Respiration rate — per minute 

Positive . . . • 
Negative . . . 
Control 

1 

5 

5 

5 

1 

11.0 ± .6 
10.0 ± .6 
9.4 ± 1.2 

10.6 ± .8 
9.8 ± .8 
9.6 ± .8 

11.0 ± 0. 
9.8 ± .4 
9.6 ± .5 

■ Pulse rate — per minute 

Positive. . . ■ 
Negative . . . 
Control 

5 

5 

5 

53.4 ± 2.2 
52.6 ± 2.4 
50.0 ± 1.3 

[ 49.0 ± 2.6 
50.2 ± 2.6 
50.4 ± .63 

48.6 ± 3.3 

51.8 ±3.7 

50.8 ± 1.2 


Subject 

Series 

Period 1 

Maximum change 

Critical 

Period 


ratio 



mean ± S.D. 


mean ± S.D. 


Mo.... 


*58.3 ± 3.0 

2 

*62.0 ± 2.5 

2.06 

Sm. . . . 

— 

68.4 ± 3.6 

2 

70.5 ± 3.7 

.91 

K 

+ 

58.7 ± 2.4 

2 

63.3 ± 1.3 

3.83 

N 


65.4 ± 4.4 

2 

62.1 ±4.2 

1.22 

P 

1 + 

60.4 ±2.1 

2 

64.2 ± 2.8 

2.38 

W 

1 c 

65.7 ± 3.0 

2 

68.1 ± 9.7 

.52 

Li 

+ 

72.1 ±3.3 

3 

67.8 

2.69 

Wi 

1 + 

77.7 ± .8 

2 

74.3 ± 2.8 

2.61 

Me.... 

+ 

72.5 ± 2.6 

2 

75.3 ± 3.6 

1.27 

S 


74.6 ± 3.2 

2 

69.5 ± 4.7 

1.82 

Ha 

— 

72.3 ± 4.5 

3 

79.5 ± 4.0 

2.67 


* Each figure is the mean of 5 measurements of me- 
tabolism. 

t Maximum change — each comparison in this table, 
and in Tables III, IV, V, VI was obtained from tabu- 
lations o'f the consolidated results of each subject. See 
Table II. 

Of S positive period changes 3 were increases, 2 de- 
creases. 

Of 5 negative period changes 3 were increases, 2 de- 
creases. 

Of 1 control period change 1 was an increase, 0 de- 
creases. 

In Table III are presented also the Critical Ra- 
tios for the greatest difference in metabolic rate 
between the mean of any first normal period and 
the mean of any succeeding period for each sub- 
ject. (The means of the first normal periods 
were the means of the five first normal periods 
for each of the three series.) The notation under 
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Periods indicates where the variation occurs : 
Example: Subject Mo (1, 2, — ) indicates that 
the greatest change within a series from the 
mean for the first normals occurred in the mean 
for the ion periods in the Negative Series. In 
Subject W (1, 2, C) the greatest change occurs 
between the first normal mean and 2 period mean 
in the Control Series. Only one subject showed 
a change of possible statistical significance, a 
barely significant increase of metabolic rate, on 
exposure to positive ions, all others having a 
Critical Ratio below 3. As shown in the tabu- 
lation at the bottom of the table, an analysis of 
the direction of change in the three series shows 
no consistency. 

TABLE IV 


Maximum change in respiratory rate (per minute) 


Subject 

Series 

Period 1 

^raiimnrn change 

Critical 

Period 


ratio 

Sm .... 

c 

mean i S.D. 

11.4 ± .8 

3 

mean :iz S.D. 
12.6 ±: .8 

2.35 

Mo 

c 

11.5 ± .8 

3 

9.6 ± 1.0 

328 

P 

c 

8.2 i 1.9 

2 

7.6 i «8 

.64 

K 

c 

14.6 ± 1.0 

3 

15.6 ± .5 

2.00 

N 

-f 

11.0 ± .6 

2 

10.6 ± .8 

.87 

\v 

+ 

9.0 ± 2.1 

3 

7.0 ± 1.1 

.20 

Li 

4" 

14.5 ± 2.1 

3 

16.4 i 1.8 

1.46 

Wi 

c 

10.2 ± 1.5 

3 

7.0 ± 1.1 

3.9S 

Me. . . . 

c 

10.5 ± 1.1 

2 

12.5 i 1.1 


s 

-f 

12.5 ± 1.1 

3 

10.8 ± .8 


Ha .... 


16.8 ± 1.0 

3 

22.0 ± 3.0 



Of 1 negative period change, 1 was an increase. 

Of 4 positive period changes, 1 was an increase, 3 de- 
creases. 

Of 6 control period changes, 3 were increases, 3 de- 
creases. 

In Table IV are reported the corresponding 
data for respirator^' rate. Only ttvo subjects Mo 
and Wi show statistically significant changes be- 
ttveen mean values of first normals and succeeding 
periods. Both these changes, however, occurred 
behveen the first and third periods in the Control 
Series when no ions were used. 

In Table V is an analysis of similar data for 
pulse rate. Two subjects, K and Ha, show sta- 
tistically significant changes between the mean of 
the first normals in the positive period and the 
niean of the second period (positive ions). Note 
that the changes for the two subjects are in op- 
posite directions. In six instances the largest 


T.ABLE V 


Maximum change in pulse rate (per minute) 







Subject 

Series 

Period 1 



Critical 

Period 


ratio 

Sm. . . . 

_r_ 

mean S.D. 

51.6 — 1.7 

3 

m^an = S.D. 
55.8 == 3.9 

2.21 

Mo 

— 

57.0 i 1.4 

3 

61.4 4.2 

2.20 

N 


53.4 i 2.2 

3 

48.6 = 3.3 

2.67 

K 

c 

65.8 i 2.8 

3 

71.6 i 3.0 

322 

P 

— 

51.6 ziz 3.2 

3 

56.4 i 3.5 

2.29 

W 


53.8 i 3.2 

3 

55.8 = 3.2 

1.00 

Li 

-t- 

c 

64.0 i 5.1 

3 

61.2 -J- 5.0 

.85 

Wi 

65.6 = 3.5 

3 

68.2 = 3.7 

1.13 

Me 

— 

66 j =b 2.6 

3 

62.2 i 3.0 

229 

S 


64.0 i 1.42 

3 

622 i 2.2 

1.25 

Ha 

4- 

72.8 i 2.6 

2 

65.0 i 3.7 

3.71 


Of 3 negative xieriod changes, 2 were increases, 1 a de- 
crease. 


Of 6 positive period changes, 2 were increases, 4 de- 
creases. 

Of 2 control period changes, 2 were increases, 0 de- 
creases. 

change occurred in the Positive Series, in two in- 
stances in the Negative Series, and three times in 
the Control Series. 

TABLE VI 


Maximum change in systolic blood pressure 
(in mm. of Hg) 



Of 5 negative period changes, 4 were increases, I de- 
crease. 

Of 2 positive period changes, 0 were increases, 2 de- 
creases. 

Of 4 control period changes, 3 wc.'-c increases, 1 de- 
crease. 

The data of Table VI indicate tlLit no subject 
showed a dtange in mean systolic pressure 
enough to give a Critical Ratio of 3. T-.vo sub- 
jects showed the most significant d'.angcs in the 
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Positive Series, five in the Negative Series, and 
four in the Control Series. 

Table VII gives the corresponding data for 
diastolic pressure. Four subjects, Ha, Sm, Wi 
and W, showed changes with Critical Ratios over 
3. Two of these changes occurred between pe- 
riods in the solid Control Series, one between the 
first and last normal periods in the Positive Series, 
and one between the first and last periods in the 
Negative Series. Both of the latter were in- • 
creases. 


were entirely negative and are not reproduced 
here. 

GROUP RESULTS 

The inspection of the individual results makes 
it clear that no individual case can be regarded as 
“ susceptible ” to the effects of ionized air, in so 
far as the measures used may be accepted as ade- 
quate measures of such effects. The group data 
can only bear this out more clearly. 

TABLE Vni 


TABLE VII 


Maximum change in diastolic blood pressure 
(in mm. of Hg) 


Subject 

Series 

Period 1 

Maximum change 

Critical 

Period 


ratio 

Ha. . . . 

+ 

mean ± S.D. 

64 ± 6.6 

3 

mean db S.D. 

74 ± 2.8 

3.13 

Mo. ... 

— 

68 ± 3.5 

3 

78 ± 4.2 

4.00 

S 

+ 

68 ± 4.8 

2 

73 ± 4.0 

1.61 

Sm. . . . 

C 

76 ± 2.5 

3 

83 ± 4.0 

3.33 

Wi 

C 

64 ± 1.3 

2 

71 ±4.5 

3.33 

Me. . . . 

C 

72 ± 1.7 

2 

67 ± 3.6 

2.50 

Li 


67 ± 2.1 

2 

69 ± 1.0 

2.00 

W 

— 

63 ± 3.0 

3 

70 ± 3.5 

3.33 

N 


67 ± 2.1 

2 

62 ± 3.5 

2.78 

K 

c 

73 ri= 4.5 

3 

74 ± 2,4 

.43 

P 

C 

66 ± 2.6 

1 

3 

70 ± 4.2 

1.74 


Of 4 negative period changes, 3 were increases, 1 de- 


crease. 

Of 2 positive period changes, 2 were increases, 0 de- 
creases. 

Of S control period changes, 4 were increases, 1 de- 


Metabolic rate (grand averages) 
(in total calories per hour). 
Consolidated results 


Series 

1 

Num- 
ber of 
sub- 
jects 

Num- 
ber of 
experi- 
ments 

1st period 
normal 

2d period 
ions 

3d period 
normal 




mean db S.D. 

mean ±S.D. 

mean db S.D. 

Positive . . . 

11 

53 

a 

67.3±6.5 

b 

68,3 ±5.5 

67.8±6.3 

Negative . . 

11 

53 

d 

67.7 ±6.0 

i e 

67.2±5.6 

' 68.0±6.5 

Control. . . . 

11 

53 

68.2±5.7 

h* 

67.9±4.9 

68.8±5.7 


* No ions. 


Significance of the difference 




Difference 

Critical 


Comparison 

between means 

ratio 

1. 

Cells 0 to g. . . . 

9 

.34 

2. 

Cells atob 

1.0 

.83 

3. 

Cells etoi 

’...1.6 

.66 


TABLE IX 


crease. 


This analysis may be summarized with the 
statement that using the means of five observa- 
tions on each subject for comparison values, 66 
comparisons on each of five variables (metabo- 
lism, systolic blood pressure, diastolic blood pres- 
sure, respiratory rate, pulse rate) yielded only ten 
cases (out of a total of 5 X 66, 330) in which 
the Critical Ratio of an observed change exceeded 
3. Only one subject occurred twice in this total 
(K). Five of the ten exceeding a Critical Ratio 
of 3 occurred in the Control Series, four in the 
Positive Series, and one in the Negative Series. 
None of these results justify the conclusion that 
anv one of the variables concerned has been con- 
sistently affected or that any subject has shown 
any consistent response to ionization. ^ 

The data on oral temperature and urine volume 


Blood pressure (systolic) (in mm. of Hg). 
Consolidated results 


Series 

Num- 
ber of 
sub- 
jects 

Num- 
ber of 
experi- 
ments 

1st period 
normal 

2d period 
ions 

3d period 
normal 




mean ±S,D.' 

mean ±S.D. 

mean dbS.D. 

Positive . . . 

11 

53 

106±7.4 

b 

105±S.7 

107±6.0 

Negative .. 

11 

53 

d 

104±7.3 

e 

104±5.2 

/ , 
10S±4,6 

Control 

11 

53 

10S±8.1 

/;* 

105±7.6 

i 

106±7,8 


* No ions. 


Significance of the difference 


Comparison 

1. Cells o to d 

2. Ceils d to/. 

3. Cells e to c. 


Difference 
between means 

2.0 

1.0 

3.0 


Critical 

ratio 

.64 

.39 

1.26 
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TABLE X 

Blood pressure (diastolic') (in vwi. of Hg). 
Consolidated results 


Series 

Num- 
ber of 
sub- 
1 jecta 

Num- 
ber of 
experi- 
ments 

1st period 
normal 

2d period 
ions 

3d period 
normal 




man lizS.D. 

\meGn ibS’.D. 

man ^S,D. 

Positive . . . 

11 

53 

a 

67ri=5.7 

b 

69 ±4.7 

c 

69=b4,2 

Negative .. 

11 

1 

53 

d 

69 ±3. 5 

e 

69=t3.(5 

f 

71 ±3.2 

Control 

11 

53 

Z 

69±4.2 

ft* 

69 ±4.2 

71 ±47. 


*No ions. 


Significance of the difference 


Difference Critical 

Comparison between mean ratio 

1. Cells a tod 2 .99 

2. Cells d to/ 2 1.42 

3. Cells o to/ 4 2.02 


TABLE XI 


^Respiratory rate (per minute). Consolidated results for 
11 subjects 


Series 

Num- 
ber of 
sub- 
jects 

Num- 
ber of 
erperi- 
^ ments 

1st period 
normal 

2d period 
ions 

3d period 
normal 

Positive. . , 

11 

53 

man :izS,D. 

a 

llA^SA 

rneart :izS,D. 

b 

11.2±3.1 

mear.:hS.D. 

11.3 ±3.5 

Negative . , 

11 

53 

d 

11.7±2.S 

e 

U,3ri=3.2 

/ 

11.6±3.3 

Control 

11 

53 

11.6±2.6 

ft* 

11.8±2.8 

i 

il.2i£=3.0 


* No ions. 


Significance of the difference 


Difference Critical 

Comparison between means ratio 

1. Cells a to ri 3 .24 

2. Cells g to i 4 .34 

3. Cells ft to t 6 .51 


In Tables VIII to XII inclusive, are sum- 
niarized the consolidated results on all eleven sub- 
jects for each of the physiological measures. For 
each table the significance of the difference has 
been computed for three comparisons which have 
been convenient!}- designated as Comparison 1, 2 
nnd 3, as follows; 

Comparison 1: The greatest difference observed 
between any two of the three “ first normal ” jx:- 


/ / 

riods (in Table VIII this involves cells a and g') 
— the three columns of figures in the upper line 
being designated from left to right as a, h, c, those 
in the second line as d, e, f, and those in the third 
line as g, h, i. 

TABLE Xn 

Pulse rate (per minute). 

Consolidated results 


Series 

Num- 
ber of 
sub- 
jects 

Num- 
ber of 
experi- 
ments 

1st period 
normal 

2d period 
ions 

3d period 
normal 




mean 

man 

men ^SJ). 

Positive 

11 

53 

a 

60.9=b7.1 

b 

59.8±6.2 

60.7±6.0 

Negative . . 

11 

53 

d 

60.2 ±6.6 

59.6±6.6 

/ 

60.6 ±5.9 

1 

Control... .1 

11 

53 

s 

61.1±8.1 

ft* 

60.5 ±8.0 

i 

62.5m:S.O 


* No ions. 

Significance of Ike difference 


Differcace Critical 

Comparison between means mrio 

1. Cells d to g 9 .29 

2. Cells g to 1 1.4 .41 

3. Cells e to j 3.0 .96 


Comparison 2: The greatest difference bettveen 
any “ first normal ” period and an}- succeeding 
period in the same series (in Table VTII, cells a 
and b). 

Comparison 3: The greatest difference between 
any rivo of the 9 cells regardless of the series in 
which it occurs (in Table VIII, cells e and i). 

An inspection of these comparisons for Tables 
VIII to XII reveals no instance of a reliable dif- 
ference. In Table VIII (metabolic rate) the di- 
rection of the change is suggestive in the Positive 
and Negative Series, but statistically not signifi- 
cant Even the suggestion of an opposed effect 
does not occur in the other tables of this series. 
It may be noted that the absence of any signifi- 
cant difference between cells a and d, and d and g 
negatives the possibility of any cumulative effect 
of fi%-e successive treatments with ionized air of 
either sign. 

If we forget for the moment Critical Ratios, 
and tabulate for each i-ariable the obscn-cd val-ces 
according to the series in which they O'Ceurred it 
is found tliat summing ail five \-ariab!es th.c grc.'::- 
cst -variation occurred 19 ti.-nes in tl-.c Centro! Sc- 
ries, 19 times in the Positive Series, and 1/ times 
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in the Negative Series. The variations are dis- 
tributed as nearly in the theoretical chance ratio 
as is possible with integers, a population of 55 and 
3 classifications. (In this comparison, group 
means are used. See Tables VIII to XII.) 

Normalising effects 

As was mentioned earlier in this paper Yaglou 
and his associates (4), using light ions, could find 
no opposed effects from the use of positive and 
negative ionized air, but did suggest tentatively, 
that “ ionized air " irrespective of polarity may 
have a “ normalizing ” effect upon these physio- 
logical functions. It would certainly appear upon 
inspection of their tables that this is true. In the 
case of basal metabolism, as an example, initial 
tests in normal air which fell between 75 and 84 
per cent of the normal standard averaged 81 per 
cent of normal, and on exposure to ionized air 
showed an average change of 12.7 per cent. 
Likewise cases falling between 115 and 124 per 
cent of normal averaged 121 per cent of normal 
in ordinary air; and on exposure to ionized air 
showed an average decrease of — 9.0 per cent. 
Tabulations for all variables for both morning 
and afternoon groups, and for all age groups, 
showed essentially the same effect. 

It seems to us, however, that precisely this ef- 
fect is to be expected in any distributive arrange- 
ment of measurements of this type. Any single 


measure, as of metabolic rate, is in a sense, a 
fallible measure in so far as it deviates from the 
most probable value under fixed conditions of 
measurement (namely, the mean of a series of 
such measurements). Large deviations from a 
mean value occur less frequently than small devia- 
tions, and having occurred, successive measures 
(the true mean remaining stable) are likely to 
show either a positive or negative regression to- 
ward the mean. If each of 10 subjects shows a 
basal metabolic rate of 80 per cent of normal (un- 
less there has been a very selective sampling of 
low basal metabolic rates from the total popula- 
tion) successive tests will usually show a regres- 
sion of some degree toward the normal of the 
population. 

In this particular instance the critical test of 
the “ normalizing ” effect is a comparison with a 
control series on the same group of subjects. 

In Table XIII and Table XIV the data of this 
study on metabolic rate and blood pressure have 
been arranged in the distributive manner, both for 
the consolidated measures of the Positive and 
Negative Series and for the Control Series. An 
inspection of these tables demonstrates that the 
“ normalizing ” effect is a statistical characteristic 
of the classification of repeated measures distrib- 
uted about a mean, and occurs as strikingly in 
the Control Series as it does in the consolidated 
ion series. 


TABLE XIII 


Metabolic changes during exposure to ionization. (With Control Series) 


Basal observations and observations 2 hours after standard lunch 

Heat production in normal air in pcrcentaec of 
DuBois basal standards 

75-84 

(A) 

85-94 

(B) 

95-104 

(Q 

105-114 

(D) 

115-124 

(£) 

h'eatproduction in percentage of DuBds standard 

Average change in ionized air m percentage of DuBois standard 

Number of observations (11 subjects) 

Number showing increase (+2 calories^^or moreL 

Number showing no change (AVithin ±2 calones) 

NuSber showing decrease ( 2 calories or more) 

80.7 

4-5.0 

4 

3 

1 

0 

89.8 

4-2.9 

39 

17 

16 

99.3 
± .0 
47 

14 

15 

18 

107.4 

-3.1 

14 

2 

3 

9 

118.7 

-10.0 

2 

0 

0 

2 

Control senes: , percentage of DuBois standard. 

KSS period (no ions) during control senes ,n per- 

ctntnirp of DuBois Standards . . . . 

TvT.?mhpr of observations (11 subjects) 

Wumoer . : -j-gase (4-2 calories or more) 

SS “o ?hnugV(within ±2 calories) 

Kto sK decrease (-2 calones or 

83.0 

4-6.7 

3 

2 

1 

0 

91.1 

4-2.0 

17 

4 

11 

2 

98.5 

-1.4 

20 

1 

13 

6 

109.2 

-3.9 

13 

3 

3 

7 
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TABLE XIV 


Change in systolic blood pressure during exposure to ionized air. {With Control Series) 


Consolidated results of morning and afternoon observations 

Systolic blood pressure in normal am (jm. Eg) 

Under 90 

90-99 

100-109 

110-119 

120-129 

Over 130 

Experimental series: 







Average pressure, mm. Hg 

88.0 

95.1 

104.0 

113.9 

121.6 

130.0 

Average change in ionized air, mm. Hg 

-i-6.0 


-r 

—3.3 i 

— 3.6 

-10.0 

Number of observations (11 subjects) 

1 

30 

45 

24 

5 

1 

Number showing increase (+2 mm. or more) 

1 

17 

10 

1 

0 

0 

Number showing no change (within ±2 nun.) 

0 

11 

25 

10 

1 

4 

Number showing decrease (—2 mm. or more) 

0 

2 

10 

13 

4 

i 

Control series: 







Average pressure, mm. Hg 


95.0 


113.3 

120.0 


Average change in ion period (no ions) in control senes, mm. Hg . 


+1.1 

-1.3 

—2.4 

-11.0 


Number of observations (11 subjects) 


18 

16 

17 

2 


Number showing increase (-}-2 mm. or more) 


4 

2 

5 

0 


Number showing no change (within ±2 mm.) 


13 

10 

4 

0 


Number shoaring decrease (—2 mm. or more) 


1 

4 

8 

2 



SUBJECTIVE SENSATIONS 

At the beginning of this study it was planned 
to make a check list of the subjective reactions 
reported by Dessauer (1) and Yaglou (2) and 
to have it filled out by subjects after each experi- 
mental period. Early exploratory experiments 
with subjects not used in this study (Cr, Ro, Hn, 
Herr) indicated, however, that such a procedure 
was of doubtful value. It was ewdent that the 
check list Avould measure, in all probability, the 
subjects’ suggestibility more accurately than his 
psychic reactions, if any, to ionized atmospheres. 

With this in mind it was decided to give the 
subject a chance to express his own impression of 
his condition. The question was simply, “ How 
did j'ou feel during the experimental period? 
What comments have you to make ? ” In Table 
RV these reactions are classified under the cate- 
gories built up by the subject’s own initiative. 
There seem to be no good grounds for stating that 
these reactions reveal anjThing more than the fact 
that a three-hour period of complete rest results 
in drowsiness, and that the continual exposure of 
the face to an air stream of sensible velocity pro- 
duces drj-ing of the lips and throat, under condi- 
tions of low to medium relative humidity. 

Some of the subjects learned of the general na- 
ture of the study after the experiment had been 
Under way for some time. None of the subjects 
nt the end of the experiment could distinguisfi the 
Control Series from the Positive or Negative Se- 
nes, nor had they realized that each separate ex- 


T.ABLE XV 


Tabulation of frequency of certain comments made by 
subjects 



Positive 

ions 

Negative : 
ions ' 

Control 

series 

Difficult breathing* 

fre‘2utr,cy 

5 

frequency 

1 

frc-iuemy 

1 

Drowsy, sleepy 

13 

12 

8 

Bad taste in mouth 

2 

0 

1 

Throat dry 

3 

1 

3 

Lips dry 

9 

3 

6 

Watering of the eyes 

0 

4 

2 

Headache 

3 

3 

0 

Tired, depressed 

0 

3 

3 

Face hot 

1 

( 

1 

Face cool 

s 

2 

0 

Feel good, stimulated 


il 

1 

Feel normal 

14 

li 

7 

No comments 

19 

16 

22 


* This item refers to breathing into and out of the 
metabolism apparatus. Difficulty disappears with prac- 
tice. 


perimental period v.’as divided into sections during 
one of which they had received ionized air. Two 
subjects knew that negative ions were "stimu- 
lating ’’ and that positive ions v.-ere “ depressing.” 
These subjects were no more successful than the 
others in distinguishing the periods, nor did their 
comments vary in any significant way in the Posi- 
tive Series and the Control Series. None of the 
other subjects had any conception of the reported 
efiects of ionized air. 

If we consider that the first nine lines in Table 
XIV* represent undesirable sensations and lines 10 
and 11 (face cool; feels good, stimulated) repre- 
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sent desirable sensations, we find the following 
distribution of opinion: 


Sensations reported per experiment 



Positive ions 

Negative ions 

Control series 

Undesirable 

.68 

.58 

.45 

Desirable 

.15 

.11 

.01 



The slight differences which appear may prob- 
ably be attributed to the order in which the experi- 
ments were performed, both pleasant and unpleas- 
ant sensations being sought for by the subjects 
with more ardor in the first series of tests with 
positive ions, — an ardor which decreased as rou- 
tine dulled their interest. 

It seems possible that light ions such as were 
used by Yaglou may produce certain cutaneous 
sensations (possibly due to the collection of static 
charges on body hair) which do not occur with 
the heavy ions used in this study and administered 
in the manner described. 

SUMMARY 

The experimental group comprised 11 male 
subjects in normal health with an age range of 
from 18, 8 months to 25, 8 months. One hun- 
dred and fifty-nine experiments each extending 
over a period of 3% hours were made. Fifty- 
three of these were experiments in which positive 
ions were administered during a 30-minute period 
preceded and followed by similar control periods. 
In each of the 3 periods the physiological meas- 
urements were repeated. In 53 experiments this 
routine was repeated with negative ions. In a 
third series 53 control experiments were made in 
which the middle or “ ionized ” air period did not 
contain ions. Throughout the entire series the 
apparatus employed for the generation of ionized 
particles operated as usual with the single ^cep- 
tion that ions either were or were not added to 

the air stream. 

The respiration of positive or negative ions 
(mobility .007 to .0018 cm. per second per volt 


per centimeter) in a concentration of 5. to 6. X 
10® ions per cubic centimeter of air produces no 
consistent or reliable effect upon the metabolic 
rate, systolic or diastolic blood pressure, pulse 
rate, rate of respiration, oral temperature, or 
urine volume of healthy, apparently normal young 
male subjects. Subjective sensations reported by 
subjects reveal 'no effects related specifically to 
the administration of ionized air. 

In conclusion it must be said that these experi- 
ments do not close the question as to possible 
cumulative effects of ordinary atmospheric ioniza- 
tion or artificial ionization on health or comfort. 
Nor do they justify the conclusion that "arti- 
ficially ionized air ” has no effect upon any physi- 
ological function or comfort factor. They cer- 
tainly do tend to justify the opinion that, so far 
as normal subjects are concerned, such effects are 
unproven and improbable. As in Yaglou’s later 
experiments, “ nothing definite was found to jus- 
tify the use of artificial ionization in general ven- 
tilation.” There still remains the question of the 
reaction of pathological subjects, in particular, 
cases of essential hypertension, to ionized air. 
This problem will be dealt with in a later paper 
from this laboratory. 
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The interpretation of the roentgenograph of 
pulmonary fibrosis in terms of functional respira- 
tory disability is one of the most difficult prob- 
lems which confronts the physician in industrial 
medicine. While the anatomical lesions of pul- 
monary fibrosis and their roentgenographic de- 
tection have been studied extensively, the mecha- 
nisms responsible for the respiratory disabilitj' 
are inadequately xmderstood. The functional as- 
pect of the fibroses acquires special importance in 
cases of pneumoconiosis. 

Measurements of the total pulmonary capacity 
and its subdivisions and their relation to anatomi- 
cal findings in patients with chronic pulmonary 
diseases have been presented in previous com- 
munications (1) (2). The limits of variation in 
normal subjects, both male and female, and the 
method for the prediction of the normal capacity 
of a given subject have been described (1) (2) 
(3). The purpose of the present communication 
is to correlate the anatomical findings with meas- 
urements of the total pulmonary' capacity and its 
subdivisions in 58 cases of pulmonary fibrosis. 

MATERIAL AND METHODS 

Fifty-eight cases with roentgenographic eri- 
dence of pulmonary fibrosis have been studied, 
fifty-seven were male, and one was female ((3ase 
31). The ages of the patients ranged from 31 to 
71 3 ’ears. Sixty-six per cent were below 50 }'ears 
of age and thiity'-one per cent were between 50 
and 60 years. Onty two cases were over 60 j'ears 
of age. 

All but four cases had been exposed to the in- 
halation of inorganic dusts from one to fortj' 
years. In 45 cases a histoiy- of exposure to sili- 
ceous dust in various trades (sand blasting, foundry- 

'Travelling Fellow of the Rockefeller Foundation, 
Fcfeday Fellow, St. John’s College, Oxford. 


work and several other mixed occupations) was 
given bj- the patients. Eight patients preriously 
had been miners, and one had been a cutter of 
stone. In the four cases of pulmonary' fibrosis 
with no history of industrial exposure to dust, 
chrom'c respiratory infection was the probable eti- 
ological factor. Reh'able information as to the 
amount and composition of the dust was not avail- 
able. Dyspnea, cough, loss of weight and night 
sweats were the most frequent sj-mptoms. In 35 
cases a fairly accurate estimation of the degree of 
respiratory disability could be made both from the 
history and from the response to exerdse. In all 
cases dyspnea was experienced on exertion, and 
in three instances was caused by the slightest ac- 
tivity. 

Clinical and electrocardiographic evidence sug- 
gestive of myocardial degeneration was occasion- 
ally encountered, but only in one instance ((3ase 
56) was a history of cardiac decompensation ob- 
tained. There was no eridence of congestive 
heart failure at the time of the e.xamination. 
Roentgenographic examination of the lungs, in- 
duding fluoroscopj-, was made in all cases. The 
changes detected in the roentgenographic films 
varied from slight accentuation of the linear 
markings to dense fibrotic lesions, and this has 
been made the basis for a grouping of our cases. 
In trvo cases pulmonary tuberculosis was strongh- 
suspected but could not be definitety established. 
In 17 cases there was roentgenographic evidence 
of left ventricular ffi-pertrophv- ; of these cases 
twelve occurred in the group of patients with 
minimal fibrotic changes, increased linear mark- 
ings. Enlargement of the right ventricle was 
present in one patient with e.xtcnsivc reticular 
fibrosis and in one patient with minim.al lung le- 
sions ; in another one with nodular fibrosis a 
prominent sliadow in the region of the pulmonaiy 
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artery was observed. Electrocardiograms were 
made in 46 cases. In 18 cases the tracings were 
normal, while in 16 others there was left axis devi- 
ation and of these twelve were in the group of 
cases with minimal roentgenographic changes. 
Right ventricular preponderance was found in 
three cases with more advanced and generalized 
lesions in the lung fields. In four instances myo- 
cardial damage was suspected from the electro- 
cardiograms, and in two other cases a delay in 
auriculoventricular conduction without dropped 
beats. Only eight of all the patients examined 
showed clubbing of the fingers. No correlation 
existed between the degree of clubbing and the 
extent of the fibrosis as revealed by roentgeno- 
graphs. The venous pressure was determined in 
a few instances by the method of Eyster (4). In 
seven patients with nodular fibrosis the venous 
pressure varied between 65 and 110 mm. of water 
with an average value of 85 mm. In four pa- 
tients with a history of asthmatic attacks the ve- 
nous pressure readings were 60, 90, 110 and 180 
mm. of water, respectively. 

The methods used for the determination of the 
total pulmonary capacity and its subdivisions, and 
for the measurement of the chest expansion have 
been fully presented in the communications al- 
ready mentioned (1) (2) (3). Briefly sum- 
marized they consist of the determination of the 
residual air by the oxygen dilution method of 
Christie (5) and of the vital capacity and its com- 
ponents by graphic registration of spirometric 
tracings. All observations have been made at 
least in duplicate, and were carried out with the 
patients in the recumbent position after a prelim- 
inary rest of at least 15 minutes. The chest ex- 
pansion was measured by means of a roentgeno- 
graph doubly exposed at a distance of six feet at 
maximum expiration and inspiration. The prod- 
uct of the area of the lung fields in the position of 
maximum inspiration and the anteroposterior di- 
ameter of the chest in the same position represents 
the “ radiological chest volume.” From this vol- 
ume the corresponding normal total capacity and 
its subdivisions are predicted. Various writers 
have assigned different terms and values for the 
subdivisions of the total pulmonary capacity. We 
have adopted the terminolog}' described m the 
first paper of this series. The normal values used 


for comparison were obtained from young healthy 
adults and consequently they may not be strictly 
applicable to older patients, especially since de- 
creased vital capacity occurs in normal subjects 
50 years of age or older (6). The error intro- 
duced by using such standards is, however, only 
relative. Investigations are now in progress, in 
order to establish normal values for the pulmonary 
capacity and its subdivisions for older individuals. 

Grouping of cases on the basis of roentgenographs 
of the chest 

One of the main objects of the present investi- 
gation was to correlate alterations in pulmonary 
capacity and its subdivisions with the degree of 
the pathological change in the lungs. The cases 
have, therefore, been grouped according to the 
nature and the extent of the roentgenographic 
lesions. 

Group I consists of 23 cases with increased 
linear markings in the lung fields. Very slight 
feathering and beading were observed in a few 
instances. 

Group II includes the seven cases with a his- 
tory of chronic bronchial asthma. The roent- 
genographic findings were similar to those of 
Group I but in addition the shadow of the dia- 
phragm appeared low and flat and the intercostal 
spaces were widened. 

Group III. These 17 patients showed nodular 
shadows. 

Group IV. In this group of four cases the 
nodular shadows show a tendency to agglomerate, 
giving a mottled appearance. 

Group V. The four patients in this group pre- 
sented large dense shadows, chiefly in the upper 
portions of the lung and in addition showed 
marked emphysema at the bases of the lungs. 

Group VI. A fine and diffuse reticular fibrosis 
involving the entire lung fields was present in 
the three cases included in this group. 

Observations on the pulmonary capacity 

General findings. Before considering sepa- 
rately the findings in each of the groups men- 
tioned above, it will be of interest to study the 
alterations found in cases of pulmonary fibrosis 
when they are considered as a single group. ^ The 
results are shown in Table I. The cases with a 
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TABLE I 

Pulmonary capacity in 50 cases of pvlmonary fibrosis * 




Mean 

Standard 

deviation 

CoeSdent of 
Variation 

m 

Absolute values 


liters 

4.61 0.08 

liters 

0.91 

per cent 

19.7 

liters 

2.70-7,06 


2.86 0.06 


24.1 

1.44-4.66 


2.34 0.08 

0.91 

38.8 

1.26-4.80 


1.71 0.05 

0.56 

32.7 

0.68-3.27 


2.26 -L 0.06 

0.69 

30.4 

0.80-4.36 


0.63 i 0.03 

0.28 


0.18-1.(54 



Relative values (total capacity = 100 per cent) 


63.0 0.91 

9.6 

15.2 

39.1-79.6 


50.9 1.02 

10.7 

21.0 

30.5—81.5 


37.2 -L 0.93 

9.8 

26.3 

20.4-60.9 


49.3 1.04 

10.9 

22.1 

18.8-69.5 


13.3 =b 0.64 

6.8 

51.1 

3,2-40.2 



Left column represents the mean calculated normal capacity: the right column the mean observed pulmonary capacity. 
The black area represents the residual air; the line dividing the B-hite ar^ (vital capadtv') is the mid capacity level. 
_ * The cases with a history of bronchial asthma and the single observation in a female patient have been excluded from 
this summary. 


history of bronchial asthma (Group II) and the 
female patient are not included. The observed 
mean value of the total capacity was 4.61 liters, 
which, compared with the calculated normal value 
of 5.83 liters, indicates a significant decrease in 
the volume of air in the lungs at maximum in- 
spiration. This decrease in obsen^ed total capac- 
ity is caused by diminution in the vital capacity, 
the latter having a mean value of 2.86 liters as 
compared with the corresponding normal value 
of 4.55 liters. These changes have been found 
in all cases investigated. Both components of 
the vntal capadty (the complementary and the 
reserv'e air) are equally affected. The observed 
residual air was moderately increased, being 1.76 
liter, as compared with the calculated normal vol- 
ume of 1.26 liter. The mean observed value of 
2.26 liters for the mid capacity corresponded 
closely with the normal predicted volume of 
2.21 liters. 

The changes in the absolute values of the pul- 
monar}’ capacity are reflected in the relative values 
of the subdivisions (total capacitv = 100 per 
cent). The mean vital capacity for the entire 
group constitutes 63 per cent of the total capadty 
us compared with the normal value of 78 per cent. 
Correspondingly the residual air represents 37 
per cent of the total capacity in pulmonary fibro- 


sis in contrast m'th the normal value of 22 per 
cent. The relative value of the mid capadty is 
also increased. A graphic representation of the 
calculated and observed values of the pulmonary' 
capadties and its subdivisions is given in Figure 
1. The relative values are presented in Figure 2. 

Findings in the different groups. A summary 
of the average findings in the sLx groups of cases 
is presented in Table II. A definite correlation 
exists bettveen average obsen'ed values for the 
pulmonary capadties of the A'arious groups and 
the nature and extent of the pulmonary lesions 
seen in the roentgenographic film. The group 
with minimal changes (Group I) in the roent- 
genographs, shows the least change in the average 
values of the pulmonary capadties. The total and 
vital capacities are moderately reduced and the ra- 
tio of residua] air to total capacity is at the upper 
limit of normality. In Groups III and IV in which 
are induded the cases which show nodular shado'.vs, 
either uniformly or mottled, the alterations in the 
pulmonary capadties are more accentuated. This 
is chiefly due to the greater diminution in the 
dtal capadty while the residual volume rem.ains 
approximately the same. The ratio of re--;dt:.-il 
volume to total capadty is definitely above the 
normal limits of variation. It is intere.-ting tint 
no significant differences in the values for the 
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Fig. 1 . Calculated and Observed Pulmonary Capacity in 58 Cases of Pulmonary Fibrosis. 

Each case is represented by tviro columns. The one on the left is the calculated normal value, and 
the column to the right is the observed volume. In black, the residual air. The line dividing the white 
area (vital capacity) is the mid capacity level. The whole column is the total capacity. 


pulmonary capacity and its subdivisions exist be- 
tween Groups III and IV. In Group V charac- 
terized by signs of marked emphysema at both 
bases and large dense shadows in the upper por- 
tions of the lungs, the relative values resemble 
those observed in pulmonary emphysema, except 
that the total capacity is reduced; although the 
vital capacity is less than that of the preceding 
groups, the absolute and relative values for the 
residual volume are definitely increased. The pa- 
tients with a diffuse reticular fibrosis. Group VI, 
show the most marked reduction in vital capacity ; 
the residual volume, however, is only moderately 
increased. The total capacity is markedly de- 
creased in this group. We have reserved for final 
consideration the cases with a history of chronic 
bronchial asthma (Group II). The roentgeno- 
graphic findings are similar to those observ'ed m 
Group I except that evidence of pulmonary em- 


physema is present. The alterations in the pul- 
monary capacities are sharply differentiated from 
the rest of the cases. There is a marked decrease 
in the vital capacity with a proportional increase 
in the residual volume so that the total capacity 
closely approximates the normal value. The 
value of the ratio of residual air to total capacity 
is 53.9 per cent, which is abnormally high. These 
findings are quite similar to those previously de- 
scribed (6) in cases of pulmonary emphysema. 

We had the opportunity to observe the changes 
and the development of bronchial asthma in a 
patient with pulmonary fibrosis, a Polish man, 51 
3 '^ears of age, a hard coal miner for many years. 
Before the beginning of asthma the usual changes 
of pulmonary fibrosis were observed, a decrease 
in the total and vital capacities with a moderate 
increase in the residual air (see Figure 3), 
About a 3 'ear later this man returned to us with 
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the histor)’’ of frequent asthmatic attacks during 
the interval. A second investigation revealed that 
the residual air had increased from the previous 
value of 2.09 liters to 3.80 liters, and that the vital 
capacity had been reduced about 0.50 h’ter; the 


wdth minimal pulmonary’ fibrosis showed a more 
marked respiratory’ disability and more accentu- 
ated alterations in the pulmonary’ capacity than 
that of another patient with nodular type of fibro- 
sis. It is not uncommon to find cases with ad- 



Fig. 2. Reiattve V.^luzs of the Vital Capacity, ilro Capacity A^’D 
Residual Air (Total Capacity = 100 per cent) in 58 Cases of Pulmonary 
Fibrosis. 

Each dot represents an indhadual case, those with a history of asthma are 
represented by circles. Area behveen interrupted lines is zone of normal va- 
riation. 


total capacity at this time was greater, 6.40 liters, 
closely approximating the calculated value of 
6.58 liters. In brief, the pulmonary capacity had 
changed from one typical of pulmonaiy fibrosis 
to that usually observed in emphysema. 

The fact that the pulmonary capacity may be 
correlated in a general way with the roentgeno- 
Praphic appearance of the pulmonary lesions must 
not be interpreted as meaning that the correlation 
exists in each case. Very frequently a patient 


\anced pulmonary lesions with a surprisingly good 
respiratory adaptation to physical actirity. Study 
of each case is essential. A striking demonstra- 
tion of this fact is found in those cases with in- 
creased residual air (Group II) who show mini- 
mal changes on the roentgenographic film, and yet 
e.xhibit marked alterations in the pulmonary ca- 
pacity accompanied by a severe respirator’.' dis- 
ability. 
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TABLE II 


Average observed values of pulmonary capacity and chest expansion and their percentage differences from normal 

in the different groups of pulmonary fibrosis 



Group I — 

23 cases 

Group 11 — 

7 cases 

Group III — 
17 cases 

Group IV — 

4 cases 

Group V — 

4 cases 

Group VI — 

3 cases 


Observed 

values 

Percentage 

difference 

from 

normal 

Observed 

values 

Percentage 

difference 

from 

normal 

Observed 

values 

Percentage 

difference 

from 

normal 

Observed 

values 

Percentage 

difference 

from 

normal 

Observed 

values 

Percentage 

difference 

from 

normal 

Observed i 

values 

Percentage 

difference 

from 

normal 

Capacities 













Total capacity, liters 


-16.0 

5.72 

-5.4 

4.28 

-24.5 

4.09 

-21.9 

5.00 

-23.4 

3.72 

-39.6 

Vital capacity, liters 

3.29 

-27.6 

2.56 

-44.8 

2.62 

-40.3 

2.54 

-36.4 

2.45 

-51.4 

1.98 

-57.4 

Mid capacity, liters 

2.19 

- 1.4 

■aBBi 

+54.4 

2.26 

+ 3.6 

2.10 

+ 4.1 

3.19 

+27.7 

2.53 

+ 7.4 

Residual air, liters 

1.61 

+24.9 

3.16 

+134.8 

1.66 

+31.0 

1.55 

+29.2 

2.55 

+76.1 

1.74 

+23.0 

Complementary air, liters 

2.71 

-25.0 

2.12 

-42.1 

2.02 

-41.4 

1.99 

-35.7 

1.81 

-54.9 

1.19 

-68.4 

Reserve air, liters 

Ratios 

0.58 

-37.6 


-55.3 

0.60 

-34.4 

0.55 

-38.4 

0.64 

-40.9 

0.55 

-14.4 

>* 

Vital/Total capacity X 100 

67.9 

-12.9 

46.1 

-40.9 

60.8 

-22.0 

62.5 

-19.9 

49.7 

-36.3 

55.6 

-28.7 

Mid/Total capacity X 100 

44.8 

+18.2 

61.5 

+62.2 

52.7 

+39.0 

50.9 

+34.3 

63.2 

+66.7 

67.2 

+74.6 

Residual/Total capacity X 100 

32.1 

+45.9 

53.9 


39.2 

+78.1 

37.5 

+70.4 

50.3 

+ 128.6 

44.4 

+101.8 

Complementary/Vital capacity X 100. 

81.9 

+ 3.1 

82.8 

+ 4.2 

77.2 

- 2.7 

79.0 

- 0.5 

74.1 

— 6.6 

60.0 

-24.4 

Expansion 

_ Area at maximum expiration 

Area at maximum inspiration 











72.5 

+ 16.5 

X 100 

65.6 

+ 5.3 

75.4 

+21.2 

72.5 

+16.5 

69.8 

+ 12.2 

81.1 

+30.4 

Right diaphragm excursion, cm 

4.8 

-23.8 

3.8 

-39.7 

3.9 

-38.1 

3.9 

-38.1 

2.6 

-58.7 

4.4 

-30.1 

Left diaphragm excursion, cm 

5.0 

-21.8 

4.2 

-34.4 

4.1 

-35.9 

4.1 

-35.9 

2,6 

-60.3 

3.6 

-43.7 

Lateral expansion, cm 


-28.1 

2.0 

-37.5 

2.1 

-34.3 

2.5 

-21,9 

1.4 

-56.2 

1.7 

—46.8 

Rib rotation, degrees 

15.0 

-29.9 


-29.9 

13.7 

-35.9 

16.2 

-24.3 

10.0 

-53.2 

11.0 

-48.6 


I 1 




Calculated 

1 

2 

Total Capacity 

6.58 

5.17 

6.40 

Vital Capacity 

5. IS 

3.08 

2.60 

Mid Capacity 

2.50 

5.03 

4.40 

Complementary 

4.08 

2.14 

2.00 

Reserve 

1.05 

0.94 

0.60 

Residual 

1.45 

2.09 

3.80 

Mid/Total Capacity 


58. 6^ 

, 68.7^ 

Residual/Total Capacity 


40.4^ 

59.3^ 
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Observations on the expansion of the chest 

The different roentgenographic measurements 
of the expansion of the chest are summarized for 
all cases in Table VII, and the averages for the 
different groups are given in Table II. There is 
a significant decrease in the ability to expand the 
chest in patients with pulmonary fibrosis. The 
area at maximum expiration . . . 

area at maximum inspiration 
mean value of 72.0 as compared with 62.0 in 
normal subjects. The diaphragms have a dimin- 
ished excursion, the lateral expansion of the chest 
is reduced and the ribs rotate through a smaller 
angle in passing from the respiratory position of 
maximum expiration to inspiration. It is quite 
interesting that the average changes in chest ex- 
pansion are also correlated with the nature and 
extent of the pulmonary lesions in the different 
groups. Those patients with minimal fibrosis 
(Group I) are able to expand their chest almost 
as well as normal subjects but, as the fibrotic le- 
sions become more extensive and diffuse, the 
expansion of the chest is also correspondingly 
diminished. The patients of Group II ivith a 
history of bronchial asthma and unquestionable 
emphysema, and those in Group V, exhibit the 
greatest inability to expand the chest. It must 
be also emphasized that such average correlation 
between chest expansion and anatomical lesions. 


is not absolutely constant in all cases. Quite fre- 
quently a patient with marked anatomical changes 
shows an almost normal expansion, which again 
indicates the necessity of stud 3 'ing each case indi- 
vidually. 

Discussion of results from the points of view of 
probable etiology and occupational history 

It must be clearlj- emphasized that the consid- 
eration of our findings in regard to the pulmonarj* 
capacity from these points of -view offers consid- 
erable difficulties and must be interpreted ufithin 
certain limitations. The number of cases studied 
is inadequate to draw an}' statistical conclusion as 
to the role of each etiological factor, and the his- 
tor^’’ given in manj- instances was questionable as 
to accuracj- in regard to the exact nature and the 
length of exposure to dust inhalation. However, 
some interesting facts have been brought out. 

Table III summarizes the average "values and 
the variations of the pulmonarj- capacity when the 
cases are grouped according to their occupational 
historj'. Of those patients exposed to the in- 
halation of siliceous dust in various occupations, 
it is interesting to note that those who had worked 
in sandblasting gave a historj* of the shortest pe- 
riod of exposure and the shortest inter\-al be- 
tween the exposure and the development of the 
sjTnptoms. Thej- also exhibit the most marked 


TABLE m 


Study of 58 cases of pulmonary fibrosis from the point of vievr of the probable etiology and occupational history 




Arerase 

1 Percentare of 

cases 

in the 




Pclnouary capacities 






duration of 


Tonoos poupa 





aTcra^ Taiues 






■ 
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m 
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Total capacity 

^Ital capacity 

iGd capacity 

Residual air 






■ 















PjSe 

Oempation 



















of 

cases 

B 



I 
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m 

IV 

D 

VI 

0"D- 

Kect- 

Ob- 

Di5-r- 

0":> 

Di5r- 

0"> 

Kf-r- 



1 


1 
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■nlue? 
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jcrred 
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eerrrd 
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per cent 
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pereezt 

j 

1 


Eter; 


iiterj 

per era*. 

pe-cect 

1- ^asdUutsE; 

10 


3^ 


20.0 


co.o 

20.0 



4.05 

-25 

2.45 

-42.4 

2.15 

■■pl 

i-ti 

-i.r'.'! 1 

<2.1 

cjonldcriac — Foun- 





■■■■ 



15 


15.1 

^ n 

■15.6 

20.C 

20.0 

6.6 


6.6 

5JI 

-14.1 

3.11 


CSf 


: 2-15 

-f::.4 

' :5.i 

’»• »4no:a 





(probably eipc?ci2 




















4 

ro 

lldl 

lOJ! 

13.5 

55 0 


30.0 


5X 


4Sf 

-16.2 

3.02 

—2^ 7 

7 *S 


l.'I 

•H2J 

37 I 

s 

uj: 



25.0 

25.0 

1Z5 


37J 


4.41 

—22 7 

2.42 

— 4^: 0 

2.47 

-i-ll-s 

ISO 

— s: 4 

44 0 

i- 

^ (1 IU«- 

1 


ZOJD 

U.C 



I CO.O 




4.S4 

-21.S 


—43.5 

isi 

-15.5 

1.74 

— * ' 5 

ZrJ 

“5^) 








35X 


sac 

4SS 

—2=6 

1 

' — <‘0 























* A Exposure to dust. 

B Intcrv-al between beginning of exposure and initiation of sympionr^. 
’C Inten-al between beginning of exposure and present investigations. 
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alterations in the pulmonary capacity and its sub- 
divisions ; chiefly aflfecting the vital capacity which 
is markedly reduced. A high percentage of the 
patients in this occupation fall into the groups 
characterized by nodular fibrosis. Those patients 
who gave a history of having worked in iron 
foundries and various mixed occupations had a 
considerably longer period of exposure and have 
come to us at a considerably later period. The 
patients working in these latter occupations be- 
long to the group of cases showing an increase of 
linear markings in roentgenographs. 

The respiratory dead space 

The volume of the respiratory dead space is 
of great significance in relation to the effective 
alveolar ventilation. An increase in the dead 
space relative to the tidal air tends toward a less 
effective alveolar ventilation. In Table IV are 
presented the results of the calculation of the 
respiratory dead space from the tidal volume and 

TABLE IV 

Respiratory dead space in ptdmonary fibrosis 
(Calculated from the tidal volume and the CO2 and O* 
percentages of the alveolar and expired air) 


Case 

number 

Ventila- 

tion 

per 

minute 

1 

Respira- 
tions j 

Tidal 
volume 1 

Dead space 

From CO 2 
percentage 

From O 2 
percentage 

1 liters 

per minute 

liters 

CC, 

CC. 

3 

10.99 

20 

0.54 

178 

195 

6 

7.59 

12 

0.62 

233 

235 

7 

13.34 

20 

0.68 

307 

212 

31 

8.84 

22 

0.41 

122 

90 

32 

7.36 

16 

0.48 

180 1 

158 

33 

9.46 

22 

0.43 

216 i 

233 

34 

6.68 

16 

0.42 

186 I 

193 

37 

9.66 

18 

0.52 

149 

140 

48 

9.15 

20 

0.47 

133 

171 

49 

10.45 

19 

0.54 

213 

248 

52 

5.06 

12 

! 0.42 

83 

42 

57 

9.33 

14 

I 0.67 

195 

176 

Average 

i 

8.99 

17.6 

0.52 

, 183 

; 174 


the COo and Oo percentages of the alveolar and 
expired air in twelve cases. The dead space has 
a value of about 180 cc. which compares with an 
average tidal volume of 0,52 liter, a figure slightly 
greater than the average of normal. The results 
of this calculation are open to objection on the 
grounds that it is not certain that a true average 


sample of alveolar air was obtained in these cases 
of pulmonary fibrosis. If the values obtained are 
correct they would indicate that an abnormality of 
the dead space does not play a significant role in 
the production of respiratory disability in these 
cases. 

We have attempted to reach a more accurate 
estimation of the dead space based upon the point 
at which the carbon dioxide concentration assumes 
a constant value in serial fractional samples of the 
air of a single expiration. One such curve is 
shown in Figure 4, in which it may be observed 
that the flat part of the CO 2 curve seems to be 
reached before 200 cc. of the air is expired, a 
figure which is in general agreement with that ob- 
tained in the above indirect method of calculation. 

DISCUSSION 

The observations presented show that there are 
evident alterations in the total pulmonary capacity 
and its subdivisions in pulmonary fibrosis. Apart 
from a preliminary communication from this clinic 
(7) there are no previous observations in the lit- 
erature with which we may compare our findings. 
Perhaps the most closely related observations have 
been made in pulmonary tuberculosis, Garvin, 
Lundsgaard and Van Slyke (8) in 1918 observed 
a decreased vital capacity and increased residual 
air in incipient cases, while in more advanced con- 
ditions the latter volume was normal, but with a 
still greater reduction in the vital capacity. These 
findings were later confirmed by Anthony (9). 
It appears that a decrease in the total and vital 
capacities is of most constant occurrence in pul- 
monary fibrosis, while the residual air is as a rule 
moderately increased, and may infrequently reach 
an abnormally high value. Accompanying these 
alterations there is, in most cases, a decreased 
ability to expand the chest. These abnormalities 
show a definite tendency to be correlated with the 
degree of fibrosis. 

Gardner (10) has recently summarized the de- 
velopment of the anatomical changes which result 
from the inhalation of the inorganic dust particles, 
and divides the reaction into five general phases , 

1 diffuse parenchymatous disease due to the ac- 

cumulation of phagoc 3 des and local inflammator> 
changes in the immediately adjacent connecti^ 
tissue; 2~linear perilymphatic proliferation ; 
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Fig. 4. COs Content of Various Samples Taken at Known Volumes in a Shigle Expiration. 

Black dots are samples taken in a case of pulmonary fibrosis, and crosses in a normal male subject 
Column 1 represents the residual volume (black area) and the volume of the expiration (white area). The 
line dividing the white area is the resting respiratorj' level; therefore the space above this line is the tidal 
volume and the space below is the reserve air. Column 2 represents similar measurements in the case of pul- 
monarj- fibrosis. 


beading of the trunks due to chronic proliferative 
changes in associated lymphoid tissues; 4 — en- 
largement of the mediastinal lymph nodes due to 
proliferation of the local connective tissues, and 
5 — late chronic proliferation and nodule forma- 
tion in the finer connective tissues of the pul- 
monary parenchyma. In the evolution of these 
pathological changes one may visualize a gradual 
encroachment of the fibrosis upon the functional 
alveolar air space, resulting in a progressive de- 
crease in the total and vital capacities. It is some- 
■W’hat more difficult to visualize the mechanism by 
which the residual air is increased. It is possible 
that as some alveoli are obliterated by fibrosis 
others may expand to fill the space by a com- 
pensatoiy- emphysema. Then too, the increase in 
rigidity of the structure of the lung may resist the 
normal deflating power of its elastic tissue. 
Cliristie (11) has recently indicated that the loss 
of elastic properties of the alveolar wall is the 
factor responsible for the increase in the residual 
air observed in pulmonarv' emphysema. Binger 


(12) and Lundsgaard (13) explained a similar, 
but more moderate, increase in residual air oc- 
curring in cases of cardiac decompensation by a 
decrease in the elastidty of the alveolar walls. 
Hurtado, Kaltreider and Mc(iiann (14) observed 
an increase in residual air of normal men at low 
barometric pressure. Under the same conditions 
they observed intense congestion of the pulmonary' 
capillaries of guinea pigs and suggested that this 
was the cause of decreased elasticity of the alveoli 
and resultant increase in residual air. These ob- 
sers'ations suggest that the increase in residual air 
in cases of pulmonary fibrosis may be explained 
on the basis of alterations in the elastic properties 
of the alveolar walls, but there is no conclusive 
eridence to support this hypothesis. 

The intrapleural press'ure was measured in 
three cases of our series and the results are pre- 
sented in Table V. In two of these cases there 
was a history of asthmatic attaclrs and the values 
for pulmonary capacity were tyyical of emphy- 
sema. The intrapleural pressure of these subjects 
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TABLE V 


Intrapleural pressure in three cases of pulmonary fibrosis 



Case 25* 

Case 27* 

Case 32t 

cm. H 2 O 

cm. H 2 O 

cm. H 2 O 

Quiet breathing. . . 

-3 to 4-1 

4-0.8 to 4-2.5 

—3 to —5 

horced inspiration 

-15 1 

-6 

-3.6 

Forced expiration . 

4- 3 

4-3.8 

-Ito -0.2 

1 


* Cases 25 and 27 had a history of asthmatic attacks ; 
pulmonary capacity determinations revealed marked 
emphysema. 

t Cases 32 showed marked nodular lesions in the roent- 
genographic film. Pulmonary capacity revealed a marked 
decrease in the vital capacity and a moderate increase in 
the residual air. 

was positive. In the remaining case, in which the 
roentgenographic study of the lungs revealed very 
extensive nodular lesions, there was a diminished 
fluctuation of the pressure on forced breathing. 
One of the important signs of decreased elasticity, 
according to Christie (11), is a decrease in the 
reserve volume when determined after a full in- 
spiration, as compared with the same capacity 
measured after an ordinary tidal inspiration. We 
have found this sign in only 23 (43.4 per cent) 
of the 53 cases in which we sought to demonstrate 
it. When a decrease in reserve air was noted it 
varied from 0.10 liter to a total disappearance of 
the reserve air, but there was no correlation .be- 
tween the degree of change and the other values 
in the pulmonary capacity. These observations 
indicate that changes in elasticity of the lungs play 
a part in the abnormal respiratory mechanism of 
pulmonary fibrosis. 

Although the relative importance of the ana- 
tomical and functional factors in the pathological 
physiology of pulmonary fibrosis cannot be settled 
at the present time, it is fair to assume that both 
contribute to the abnormalities in the different 
pulmonary capacities, the determination of which 
may give us a quantitative index of the limits of 
adaptation to increased ventilatory demands. The 
importance of the measurement of the vital capac- 
ity has been demonstrated by Peabody (15) and 
his coworkers. In pathological conditions in 
which the residual air is increased one would ex- 
pect to find conditions unfavorable to efficient al- 
veolar ventilation. In a previous communication 
(6) we have indicated the close relationship, be- 


tween the ratio of residual air to total capacity 
and the degree of respiratory disability in cases 
of pulmonary emphysema-; the same correlation 
exists in pulmonary fibrosis (Figure 5, Table 
VI). It is ' difficult to evaluate the changes in 

IDO, 
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Fig. 5. Correlation Between the Degree of Dys- 
-r, Residual Air ^ 

PNEA AND THE RatIO p: X 100 IN 00 

Total Capacity 

Cases of Pulmonary Fibrosis. 

0 = no dyspnea ; + = dyspnea on severe physical exer- 
tion ; 4- 4- = on moderate exertion ; 4 — I — f- = on slight 
physical activity; and 4 — h 4" 4" = dyspnea at rest. 

total pulmonary capacity in relation to disability. 
However, from our experience with more than 
two hundred observations in normal subjects and 
in patients with chronic pulmonary disease it ap- 
pears that a decrease of more than 15 per cent m 
the observed vital capacity is significant of ab- 
normality; that moderate disability exists when it 
is 70 per cent of normal ; and severe disability ff 
it is below this limit. The ratio of residual air 
to total capacity, possibly abnormal when greater 
than 30 per cent, is definitely beyond the limits 
of normal if over 35 per cent, and is only mod- 
erately abnormal if not higher than 45 per cent. 
Beyond this limit the ratio is always associated 
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TABLE TI 


Relation of dyspnea to pulmonary capacity 


Degree 

of 

dyspnea* 

Number 

of 

cases 

Percentage of 
normal 
vital capadty 

Percentage of 
normal 
mid capadty 

Percentage of 
normal 
residual air 

Ratio 

Mid capadty 

Ratio 

Reaidiial air ^ 

Total capadty ^ 

To'.al capadty 

per cent 

per cent 

per cent I 

0 

5 

-23.1 

-14.6 

+ 7.3 

39.1 

29.6 

■l~ 1 

8 

-31.9 

- 0.1 

+ 31.8 

46.2 

35.6 

++ 

5 

-36.3 

fi- 6.7 

+ 32.6 

52.4 

36.4 

+++ 

14 

-50.9 

+18.8 

+ 66.9 

60.0 

49.1 

++++ 

3 

-67.9 

+48.6 

+119.2 

76.1 

1 

63.6 


*0 = no dyspnea; + = dyspnea on severe physical activity; -r-{- = on moderate e.xertion; -i — 'r+ = on slight 
exertion; and +-i — | — h = dyspnea at rest. 


with a severe degree of respiratoiy disability and 
nearly always accompanied by a diminution in the 
saturation of the arterial blood with oxj’gen. Up 
to a certain point decrease in the vital capacity, if 
it is not accompanied by increase in the residual 
air, is compatible with a high degree of respiratory 
efficiency. In such a case the ratio, residual to 
total capacity, is not abnormally high. 

It is interesting to compare the obsen^ations in 
pulmonar}”' fibrosis and in pulmonary emph3’sema. 
These two conditions, apart from tuberculosis, 
represent the main types of chronic pulmonary 
disease in which respiratory disability is an impor- 
tant finding. Such a comparison is made in Ta- 
ble VII, in which we have included for compara- 
tive purposes the corresponding measurements 


made in normal male subjects. In patients wnth 
emphj’sema the chest is larger and the diaphragm 
is held at a lower level than in those with pul- 
monaiy^ fibrosis, but in both conditions the chest 
tends to assume a rounded shape. The abih’ty to 
expand the chest is slightl}”^ less in emphj'sema 
than in fibrosis. These two conditions seem to 
be chiefly differentiated bj* changes in the total 
pulmonaty" capacities. In emphysema the total 
capacity is almost normal due to the great increase 
in the residual air which compensates for the de- 
crease in the Utal capadty. The ratio of residual 
volume to total capadty is higher in this disease 
since two factors contribute to its alteration: the 
decrease in the dtal capadty and the increase in 
the residual air. On the other hand, in pul- 


TABLE vn 


Comparison of the mean values for chest size and expansion and pndmonary capacity in normal male subjects {50 cases) 
pmlmonary emphysema (Z4 cases) and pulmonary fibrosis {58 cases) 


Body r.nrureinenU 

Body leidit, cm 

Body ijn 

Body sarficc area, on*. 


Size and thape of chesi 

chert volime, Icspiratlon, 

.in5piration,cn.. 

of cherty iespiration, an 

of chert, irapiration, an 




crpaason. 

^•cral ctpaarion, m. 

T- diaphraiaa, an, 

‘-Proiatioa. drr^ra 

at gia^.::n fTpyalloa . 


Cfuzi ezpcntion 


Normal 

Emphysema 

Fibrosis 


Normal 

Emphysema 

Fibrods 




P’Jzurrjsry cs^riiy 




176.2-^0.-i9 

165.9J-I59 

163.5^:0,75 

Abeointe valass 




72.5J-I.07 

61.6J- 152 

65.6^:1.07 

Total capadty. liUn 

6.13±0.0S 

S.TS-i'O.U 

4.6!*^-05 

1S7.8-«'1.19 

167.4-^ 25S 

l72.2il3S 

\ ilal eapanty, IHat 

4-75±XX5 

2X.5-i^.I3 

2Xv-K).W 




Mid capacity. Iden 

2J54-H)X5 

3.65-»-0.I4 

2X4-‘-OX? 




Reiisal air. 

1.35±OX4 

2JB4-J-0.I4 

1,71 -*-0.05 




Comp^-^eataT^ air, iJat. : 

3.79±0.05 

2.01-»-0.0« 

2X'*.-»-0X6 

14 ‘?3-^.17 

14.77-1- 0.76 

13.55=0^:2 

Reserre air, liien 

0,55=0.02 

OX4±O.C3 

O.C3±O.D3 


630-^1252 

633 =i:7.72 

. 




-i-0.20 

24 o.i- 05S 

21.S iOJN 





25.6 J-Od!3 

20.1-^- OJS'Z 

235 ±053 

Vital/'rotal capadlv X 100 

75.0±0.4I 

514-*-I.45 

63.0-^.5I 

30j3 -^0.16 

2S^-^ 0.+< 

29 4 

MId.T’ota! capacjtT X lOO 

37X=0.75 

WX-^1X2 

y»9-i-lX2 

21.7 ->-0.1S 

23.1J- 05S 

23.4 ±0.22 

Reddaal, Total capadtr X 100 

22.0-^.41 

47.6^1X2 

37X-OX3 




Ccmp!emm:a.-y /Total wpaertyX 100... 

CIX±0XI 

3*.6-^1.45 

4:o-^ixi 




EecrrcTotaJcapaci^’X ICO 

15.2 

14.6— OX? 

nx-o.6i 

615 ±055 

795± 1.47 

ti.l ±1.10 








Comp’^meetary/MtaJ capacity X ICO. . . 

r5.4±OZO 

7DX-IJr7 

7-X-tX57 




stal capadry XIW 

20.£*=O.22 

25X— 1X5 

2 1.? ±-0.07 

3.9 -^0.03 

2.1J- 0.12 

1.9 ±0.07 





3.2 •M).CS 

2.4= 0.13 

CJ2 ±0X5 





-^0.11 

3.0-^ 0.22 

4.2 ±0.17 





6.4 -^.12 

4.4i OJJI 

4.4 ±0.17 





21.4 ztOSl 

15-Chi: 0.7? 

14-4 ±0.43 





C2J: ^<3.42 

n.4=b 1.2C 

70.0 ±0X7 
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monary fibrosis, the total capacity is diminished. 
This is due to a marked decrease in the vital ca- 
pacity while the residual air is only moderately 

increased; consequently the ratio , 5 . 

total capacity 

X 100 is not as high as in emphysema. It is also 
interesting to notice that in emphysema the re- 
duction in vital capacity occurs chiefly at the ex- 
pense of the complementary air, while in fibrosis 
complementary and reserve air are about equally 
reduced. It has been our experience that the 
respiratory disability is also of greater severity 
in emphysema as compared with pulmonary fibro- 
sis. Cases of pulmonary fibrosis which have de- 
veloped emphysema are, as a rule, severely dis- 
abled. 


SUMMARY AND CONCLUSIONS 


Determinations of total pulmonary capacity and 
its subdivisions and measurements of the expan- 
sion of the chest have been made in 58 cases of 
pulmonary fibrosis, all but 4 of which gave a his- 
tory of employment in dusty trades. Additional 
observations included a complete clinical exam- 
ination, roentgenographic and electrocardio- 
graphic studies. The observations have been 
correlated with the degree of the anatomical 
changes in the lungs revealed by roentgenographs, 
with the probable etiological factor, and with the 
degree of respiratory disability. A comparison 
has also been made with previous observations 
from cases’ of pulmonary emphysema. These in- 
vestigations lead to the following conclusions : 

1. Definite alterations in the pulmonary capac- 
ity occur in cases of pulmonary fibrosis, consisting 
chiefly in moderately reduced total capacity, a 
more marked decrease in the vital capacity and a 
moderate or marked increase in the residual air. 

2. The above changes are usually, but not al- 
ways, proportional to the nature and extent of the 
pathological changes in the roentgenographs of 
the lungs. Frequent exceptions to this correla- 
tion indicate the necessity for studying and inter- 


preting each case individually. 

3. The changes in the pulmonary capacity are 
found to be correlated with the degree of clinical 
respiratory disability. The estimation of the vital 

residual air ion arp 
capacity and of the ratio capacity 


important indices of respiratory efficiency; the 
lower the former and the higher the latter, the 
greater the disability. 

4. No significant alteration in the volume of 
the respiratory dead space was found in 12 cases 
of pulmonary fibrosis. 

5. There is a reduction in the ability to expand 
the chest in pulmonary fibrosis, usually, but not 
always, proportional to the degree of the ana- 
tomical changes revealed in roentgenographs of 
the chest. 

6. Comparison of the pulmonary capacities in 
uncomplicated cases of pulmonary fibrosis and in 
emphysema reveal significant differences. In un- 
complicated fibrosis the total capacity and vital 
capacity are reduced, and the residual air is mod- 
erately increased. In emphysema the total capac- 
ity is normal, due to the fact that the increase in 
residual air compensates for the decrease in vital 
capacity. 

BIBLIOGRAPHY 

1. Hurtado, A., and Boiler, C, Studies of total pul- 

monary capacity and its subdivisions. I. Normal, 
absolute and relative values. J. Clin. Invest., 1933, 
12, 793. 

2. Hurtado, A., and Fray, W. W., Studies of total pul- 

monary capacity and its subdivisions. II. Correla- 
tion -with physical and radiological measurements. 
J. Clin. Invest., 1933, 12, 807. 

3. Hurtado, A., Fray, W. W., Kaltreider, N. L., and 

Brooks, W. D. W., Studies of total pulmonary ca- 
pacity and its subdivisions. V. Normal values in 
female subjects. J. Clin. Invest., 1934, 13, 169. 

4. Eyster, J. A. E., The Clinical Aspects of "Yenous 

Pressure. The Macmillan Co., New York, 1929. 

5. Christie, R. V., The lung volume and its subdivisions. 

I. Methods of measurements. J. Clin. Invest., 
1932, 11, 1099. 

6. Hurtado, A., Kaltreider, N. L., Fray, 'W. W., Brooks, 

W. D. W.j and McCann, 'Wm. S., Studies of total 
pulmonary capacity and its subdivisions VI. Ob- 
servations on cases of obstructive pulmonary em- 
physema. J. Clin. Invest., 1934, 13, 1027. 

7. Hurtado, A., Fray, W. W., and McCann, 'W’m. S., 

Studies of total pulmonary capacity and its sub- 
divisions. IV. Preliminary observations on cases 
of pulmonary emphysema and pneumoconiosis. J- 
Clin. Invest., 1933, 12, 833. 

8. Garvin, A., Lundsgaard, C, and Van Slyke, D. D., 

Studies of lung volume. II. Tuberculous men. 

J. E.xper. Med., 1918, 27, 87, 

9. Anthony, A. J., Untersuchungen uber Lungem-o - 

umina und Lungenventilation. Deutsches Arc . 
klin. Med., 1930, 167, 129. 



PULMONARY CAPACITY. \Tn. 


93 


10. Gardner, L. U., The pathologic reaction in various 

pneumonoconioses. J. A. M. A., 1933, 101, 594. 

11. Qiristie, R. V., The elastic properties of the emphy- 

sematous lung and their clinical significance. J. 
Qin. Invest, 1934, 13, 295. 

12. Binger, C. A. L., The lung volume in heart disease. 

J. Exper. Med., 1923, 38, 445. 

13. Lundsgaard, C, Determination and interpretation of 


changes in lung volumes in certain heart lesions. 
J. A. M. A., 1923, 80, 163. 

14. Hurtado, A., Kaltreider, N. L, and McCann, Wm. S^' 

Respiratory response to anoxemia. Am. J. Phys- 
iol., 1934, 109, 626. 

15. Sturgis, C. C., Peabody, F. W., Hall, F, C, and 

Fremont-Smith, F., Jr., Ch'nical studies on the 
respiration. VIII. The relation of dyspnea to the 
maximum minute volmne of pulmonary ventilation. 
Arch. Int Mei, 1922, 29, 236. 



STUDIES OF TOTAL PULMONARY CAPACITY AND' ITS SUBDIVISIONS 

IX. RELATIONSHIP TO THE OXYGEN SATURATION AND CARBON 
DIOXIDE CONTENT OF THE ARTERIAL BLOOD ^ 

By ALBERTO HURTADO, NOLAN L. KALTREIDER and WILLIAM S. McCANN 

{From the Department of Medicine, University of Rochester School of Medicine and Dentistry 
and Medical Clinic of the Strong Memorial and Rochester Municipal Hospitals, 

Rochester, New York) 

(Received for publication October 8, 1934) 


An index of the efficiency of the exchange of 
carbon dioxide and oxygen bet'ween the circulat- 
ing blood and the alveolar air may be derived 
from the analysis of the arterial blood. Hotv- 
ever, it must be born in mind that changes in the 
gaseous content of the blood leaving the lungs 
may be brought about by a multiplicity of res- 
piratory and circulatory factors, so that the proper 
interpretation of the results presents considerable 
difficulties. Although numerous analyses of ar- 
terial blood have been made in various pulmonary 
conditions, a review of the literature reveals very 
few attempts to correlate these studies with simul- 
taneous studies of the external respiration. This 
is particularly true in the case of chronic pulmon- 
ary diseases, the fibroses and emphysema of the 
lungs. We have presented in previous communi- 
cations (1) (2), evidence showing that the 

changes observed in the total pulmonary capacity 
and its subdivisions in cases of pulmonary emphy- 
sema and fibrosis are closely related to the ana- 
tomical alterations and tend to be correlated with 
the degree of clinical respiratory disability. The 
purpose of this communication is. to correlate the 
alterations in the gaseous content of the arterial 
blood with the pulmonary capacities in 37 cases of 
pulmonary fibrosis and in 24 cases of pulmonary 
emphysema. 

REVIEW OF THE LITERATURE 

The feasibility of obtaining arterial blood by 
puncture was first demonstrated by Hiirter (3) in 
1912, and several years later Stadie (4) in 1919, 
introduced the technique into this country. 

1 The expenses of this investigation were defrayed 
from a fund contributed by the Pfaudler Company, The 
Corning Glass Company, The Eastman Kodak Company, 
The American Grinding Wheel Manufacturing Associa- 
tion The American Laundry Machinery Company, The 
Gleason Works and The Symington Company. 


Normal values. A summary of the investiga- 
tions made on the carbon dioxide content and 
oxygen saturation of the arterial blood of normal 
individuals is presented in Table I. A total of 37 
observations on the oxygen saturation of healthy 
adult male subjects have been collected from the 
works of Harrop (5) in 1919, Meakins (6) in 
1920, Himwich and Barr (7) and Barcroft and 
others (8) in 1923 and Hurtado; Kaltreider and 
McCann (9) recently. With the exception of 
three cases, two reported by Himwich and Barr 
and one by Meakins the arterial oxygen satura- 
tion has been found to be always above 94 per 
cent, so that this may be adopted as the lowest 
norma] value. In Meakin’s observation the sub- 
ject was in poor physical condition at the time of 
the investigation. 

There is less agreement in regard to the normal 
carbon dioxide content of the arterial (whole) 
blood than in the case of oxygen content. We 
have been able to collect 35 observations made on 
adult male subjects reported by Harrop (5) in 
1919, Meakins (6) in 1920, Barr, Himwich and 
Green (10) in 1923, Burwell and Robinson (11) 
in 1924 and Hurtado, Kaltreider and McCann (9) 
in a recent publication. The results varied be- 
tween 40.8 and 54.69 volumes per cent, and in 
consequence it appears difficult to establish the 
limits of normal variation. It is possible that 
technical errors may account for some of the ab- 
normally high and low levels reported and it must 
also be remembered that the amount of this gas in 
the arterial blood is susceptible to variations de- 
pending on abnormalities in the breathing at the 
time when the blood is drawn. The limits of nor- 
mal variation may be placed, somewhat arbitrarily, 
at 42.0 and 52.0 volumes per cent. 

Observations in pulmonary diseases. Nu- 
merous analyses of arterial blood have been made 
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TABLE I 


Normal values for COz content and Oz saturation of the arterial blood {collected from the literature") 


Investigators 

Nnmber 
of cases 

i 

CO2 content 

O3 Eataratioa 

Average j 

Variations 

Average 

Variations 



Tolumes 
f>er cent 

volumes fer cent 

fer cent 

cent 

Harrop (1919) 

10 

49.69 

44.58 to 

54.69 




15 



96.4 

94.3 to 100 

Meakins (1920) 

7 

52.7 

52.1 to 

54.2 



11 




95.3 

1 

93.8 to 96.3 

Barr, Himwich, Green (1923) 

8 

47.85 

40.8 to 

50.9 



Himwich, Barr (1923) 

5 




94.4 

93.2 to 96.1 

Barcroft and others (1923) 

4 


1 

1 


95.5 

95 to 97 

Burwelland Robinson (1924) 

8 

46.68 

44.75 to 

50.30 



Authors (1934) 

2 

46.82 

43.71 to 

49.97 

97.5 

95.3 to 99.7 


in cases of pneumonia. A decrease in the ox}’gen 
saturation has been found to occur in most cases 
at some stage of the disease, and evidence of this 
change has been presented by Stadie (4) (12) 
in 1919 and 1922, Barach and Woodell (13) and 
Meakins (14) in 1921, Hastings, NeiU, Morgan 
and Binger (IS) in 1924, Binger, Hastings and 
Sendroy (16) in 1927, Binger and Davis (17), 
Davis (18) and Binger (19) in 1928. That no 
significant change occurs in the carbon dioxide 
content of the arterial blood of patients with pneu- 
monia has been reported by some of these investi- 
gators (15) (16). That a decrease in the o.xygen 
saturation of the arterial blood is a frequent find- 
ing in cases of pulmonarj* emphysema has been 
demonstrated by several observers: Meakins (14) 
in 1921, Campbell, Hunt and Boulton (20) in 
1923, Himwich and Loebel (21) in 1928, Kountz, 
Ale.xander and Dowell (22) in 1929 and verj- 
recently by Christie (23). An increase in the 
carbon dioxide content of the arterial blood in 
this disease has been found by Scott (24) and 
Meakins and Davies (25). 

Few investigations of the gas content of the 
arterial blood have been made in pulmonarj- 
tuberculosis. Dautrebande (25) in 1925 obseix'cd 
no alteration in incipient cases, while in those 
patients with advanced and extensive lesions the 
oicygen saturation was reduced and the carbon 
dioxide content increased. Identical results were 
obtained by Pomplun (26) in 1928, while Hilton 


(27) failed to find any significant abnormality of 
these values in nine cases. 

Still fewer observations have been made in cases 
of pulmonar}" fibrosis. Of the three cases studied 
by Cossio and Berconskj* (28) in 1932 onty one 
appears to be uncompb’eated by emphysema, and 
in this case the saturation of the arterial blood was 
reduced to 75.2 per cent. In five cases of pneu- 
monokoniosis studied in the copper mines of the 
Peruvian Andes, at 15,CXX) feet, one of us (A. H.) 
observed an average arterial saturation of 77.8 
per cent, in contrast with the corresponding nor- 
mal value of 83.4 per cent for such an altitude, 
while the carbon dioxide content was not signifi- 
cantly altered, taking into consideration the nor- 
mal A-alue found at that altitude (unpublished 
observations). 

It has been assumed (29) (30), that edema 
of the alveolar walls causes marked alterations in 
the diffusion of the respirator^' gases, and this 
assumption seems to be corroborated by e>:peri- 
mental work on animals (31) (32). 

MATEP.I.AL .AX'D itETHODS 

Analyses of the carbon dioxide content and of 
the oxA'gen saturation of the arterial blood have 
been made in 37 cases of p'jlmonary' fibrosis and 
in 24 cases of pulmonarv' emphysema. .'MI of the 
subjects were adult males. complete presenta- 
tion of the clinical and roer.tEcnographic studies, 
and of the different measurements in dies: ex- 
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TABLE II 


Carbon dioxide content and, oxygen saturation of arterial blood in cases of pulmonary emphysema 




Arterial Blood 





Pulmonary Capacity 



Case 

num- 

ber 

CO 2 

con- 

tent 

O 2 

con- 

tent 

O 2 

capac- 

ity 

O 2 

satura- 

tion 

Vital capacity 

Mid capacity 

Residual air 

Ratio 

Residual air 

Ratio 

Mid capacity 

Observec 

value 

Dif- 

ference 

from 

normal 

Observec 

value 

Dif- 

ference 

from 

normal 

Observec 

value 

Dif- 




ference 

from 

normal 

Total capacity 

Total capacity 

1 

volumes 
j>er ceiii 

volumes 
per cent 

volumes 
per cent 

per cent 

liters 

Per cent 

liters 

per cent 

liters 

per cent 

per cent 

per cent 

50.19 

49.30 

48.81 

41.00 

43.01 
43.51 
51.32 
46.67 
47.06 
47.59 

19.08 

19.94 

95.6 

4.95 

~ 7.9 

3.72 

-f41.9 

2.64 

4-74.8 

34.8 

49.1 

L 

17.30 

23.70 

72.9 

1.72 

-60.9 

5,36 

-1-150.4 

4.54 

4-267.7 

72.5 

85.6 

6 

19.16 

21.63 

88.6 

2.34 

-54.0 

4.67 

-f88.3 

3.87 

4-170.6 

62.4 

75.2 

4 

21.37 

21.84 

97.7 

3.52 

-26.5 

3.09 

4-38.5 

2.25 

4-66.6 

39.0 

53.5 

0 

20.60 

21.40 

96.4 

3.76 

-26.9 

3.36 

4-36.8 

2.33 

4-60.7 

38.2 

48.1 

0 

20.56 

22.09 

93.1 

3.50 

-30.2 

2.67 

4- 9.4 

2.05 

4-45.4 

36.9 

48.1 

7 

8 

17.88 

19.94 

89.7 

2.78 

-39.3 

3.48 

4-55.1 

2.50 

4-93.9 

47.3 

65.9 

20.40 

25.50 

80.0 

2.70 

-52.3 

6.56 

4-137.6 

5.82 

4-266.6 

68.3 

77.0 

y 

10 

11 

12 

13 

20.46 

22.57 

90.6 

3.18 

-38.2 

3.10 

4-23.5 

2.28 

4-57.2 

42.2 

57.4 

20.52 

25.76 

79.6 

3.05 

-54.2 

4.67 

4-43.7 

3.59 

4-90.9 

54,1 

70.4 

49.00 

18.60 

19.90 

93.4 

1.94 

-60.6 

3.81 

4-58.7 

2.83 

4-103.6 

59.3 

79.8 

45.99 

17.66 

20.61 

85.7 

2.34 

-55.4 

3.51 

4-37.1 

3.15 

4-112.8 

57.3 

63.9 

43.76 

20.91 

23.91 

87.4 

3.06 

-38.3 

3.18 

4-31.4 

2.66 

4-90.0 

46.5 

55.5 

14 

15 

48.96 


19.08 

84.2 

2.68 

-46.0 

4.30 

4-77.5 

3.68 

4-162.8 

57.8 

67.6 

40.73 


23.93 

95.3 

3.54 

-22.3 

2.65 

4-19.3 

1.63 

4-27.3 

31.5 

51.2 

16* 

55.33 

17.52 

23.58 

74.3 

0.86 

-85.4 

3.87 

4-34.8 

3.61 

4-117.4 

80.7 

86.5 

17* 

48.19 

17.37 

21.16 

82.1 

1,20 

-81.5 

3.14 

-0.9 

2.96 

4-61.7 

71.1 

75.4 

ISf 

55.59 

15.69 

19.26 

81.5 

2.09 

-64.1 

6.25 

4-120.0 

5.77 

4-251.8 

73.4 

79.5 

19t 

44.04 

14.34 

15.58 

92.0 

1.68 

-59.1 

3.12 

4-56.0 

2.80 

4-141.4 

62.5 

69.6 


45.71 

20.01 

21,73 

92,0 

3.45 

-37.5 

4.93 

4-83.2 

4.23 

4-172.9 

55.0 

64.2 

21T 

48,66 

19',91 

21.62 

92.1 

2,08 

-45.9 

3.16 

4-68.9 

2.86 

4-164.8 

57.9 

63.9 

22t 

42.34 

17.69 

19.65 

89.9 

2.92 

-33.5 

2.17 

4- 1.4 


4-39.0 

36.9 

46.8 

23 1 

45.11 

16.34 

18.18 

89.9 

2.12 

-54.0 

2.75 

4-22.8 


4-46.9 

47.4 

68.2 

24t 

58.16 

17.57 

20.31 

86.5 

1.66 

-68.0 

3.46 

4-36.7 


4-76.7 

60.9 

81.5 


* Diagnosis of emphysematous cysts also made, 
t Diagnosis of pulmonary fibrosis also made. 

pansion and pulmonary capacity of these patients 
has been made in previous publications (1) (2), 
and need no repetition here. Most of the cases 
of pulmonary fibrosis belonged to the group of 
pneumonokoniosis. The blood was obtained by 
puncture of the radial artery after the patients 
had had a preliminary rest of at least 15 minutes, 
and just prior to the determination of pulmonary 
capacity. Most of the patients were in the re- 
cumbent position. The usual precautions were 
observed to prevent exposure of the blood to the 
air. The analyses were carried out according to 
the method of Van Slyke and Neill (33) in their 
manometric apparatus, within tivo or three hours 
after the blood had been drawn. 

OBSERVED VALUES OF THE OXYGEN SATURATION 
and CARBON DIOXIDE CONTENT OF THE 
ARTERIAL BLOOD 

The results of tlie determinations of the blood 
gases, together with the most important findings 


in regard to the pulmonary capacities of all cases 
studied are presented in Tables II, and III, and 
summarized for both pulmonary fibrosis and 
emphysema in Table IV. A comparison of the 
findings in both diseases is made in Figure 1. 

Oxygen saturation. Twenty-four cases of pul- 
monary emphysema varied between 72.9 and 97 .7 
per cent saturation of the arterial blood with 
oxygen with a mean value of 88.2 per cent, a 
value which is very definitely less than normal. 
In twenty cases (83.3 per cent) it was below the 
lower normal limit, 94 per cent, and in fourteen 
of these (58.8 per cent) the saturation was less 
than 90 per cent. The mean value for the oxygen 
combining capacities was well within the normal 
limits in this group of patients with emphysema 
but the Oxygen content was significantly decreased. 

In the thirty-seven cases of pulmonary fibrosis 
the mean value for the oxygen saturation of the 
arterial blood was 92.0 per cent. It varied be- 
tween 80.6 and 98.5 per cent, and in twenty-six 
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TABLE III 

Carton dioxide content and oxygen saturation of arterial Hood in cases of pulmonary fibrosis 



Arterial Blood 

Pulmonary Capacity 

Case 

num* 

ber 

COs 

con- 

tent 

o , 

con- 

tent 

Oj 

capac- 

ity 

Oi 

satura- 

tion 

Vital capacity 

ifid capacity | 

Residual air 

Ratio 

Residual air 
Total capacity 

Ratio 

ilid capacity 
Total capacity 

Observed 

value 

Dif- 
ference 
from 
' normal 

Observed 

value 

Dif- 

ference 

from 

normal 

Observed 
value 1 

Dif- 

ference 

from 

normal 


rolumes 
f>er cent 

volumes 
per cent 

volumes 
per cent 

per cent 

liters 

Per cent 

liters 

per cent 

liters 

per cent 

per cent 

per cent 

1 

44.25 

21.14 

22.08 

95.7 

3.02 

- 36.0 

2.53 

E91UU1 


+ 34.6 

37.2 

52.5 

2 

46.20 

18.88 

23.25 

81.2 

2.32 

- 41.8 

1.85 



+ 15.9 

36.0 

50.9 

3 

39.62 

19.30 

20.32 

95.4 

2.10 

- 52.0 

2.06 


1.72 

+ 38.7 

45.0 

53.9 

4 

42.70 

19.39 

21.08 

92.0 

1.54 

— 55.7 

1.55 

- 8.3 

1.21 

+ 23.5 

44.0 

56.3 

5 

44.95 

20.80 

22.46 

92.7 

3.00 

- 29.2 

2.68 

+ 30.1 

1.94 

+ 63.0 

39.2 

54.2 

6 

46.62 

17.93 

20.69 

86.6 

2.18 

- 62.9 

2.87 

0 

2.13 

+ 26.0 

49.4 1 

66.6 

7 

43.85 

20.23 

22.34 

91.0 

3.90 

- 25.4 

4.80 

+ 88.2 

3.16 

+ 115.0 

44.8 

67.9 

8 

42.09 

20.88 

22.76 

91.7 

2.78 

- 30.0 

1.33 

- 31.1 

1.11 

- 0.8 

28.5 

34.1 

9 

42.00 

21.60 

22.57 

95.7 

2.68 

- 41.3 

2.10 

- 5.8 

1.68 

+ 30.3 

38.5 1 

48.1 

10 

43.87 

19.26 

20.77 

92.2 

2.22 

- 41.7 

7.65 

+ 48.6 

2.11 

+ 97.2 

48.7 

61.2 

11 

47.39 

19.99 

22.90 

87.3 

2.24 

- 50.3 

2.23 

+ 1.4 

1.75 

+ 37.8 

43.8 

55.8 

12 

44.73 

17.50 

20.37 

85.9 

2.30 

- 42.3 

2.03 

+ 4.1 

1.71 

+ 51.3 

42.6 

50.6 

13 

43.34 

21.35 

22.54 

94.7 

2.84 

- 29.1 

1.79 

- 8.2 

1.37 

+ 21.2 

32.6 

42.5 

14 

1 47.63 

18.17 

19.87 

91.4 

3.36 

- 27.2 

3.00 

+ 33.3 

2.48 

+ 92.2 

42.5 

51.3 

15 

47.53 

20.35 

21.95 

92.7 

3.08 

- 39.9 

3.03 

+ 21.2 

2.09 

+ 44.1 

40.4 

58.6 

16 

55.21 

21.18 

26.27 

80.6 

1.44 

- 71.8 

2.22 

- 10.8 

1.86 

+ 29.1 

56.4 

67.3 

17 

46.54 

18.67 

19.98 

93.4 

2.92 

- 30.4 

2.08 

+ 1.9 

1.14 

- 3.4 

28.1 

51.2 

18 

41.40 

19.50 

20.82 

93.6 

3.26 

- 34.5 

2.94 

+ 21.4 

2.20 

+ 57.1 

40.3 

53.8 

19 

46.15 

17.04 

18.70 

91.1 

2.88 

- 28.7 

1.98 

+ 0.5 

1.14 

0 

28.3 

49.2 

20 

39.35 

19.79 

21.16 

93.5 

3.49 

- 28.2 

2.95 

+ 24.4 

2.35 

+ 71.5 

40.3 

50.5 

21 

46.57 

18.20 

19.59 

92.9 

3.15 

- 33.4 

2.44 

+ 6.0 

1.84 

+ 38.3 

36.9 

48.9 

22 

45.11 

22.45 

24.86 

90.3 

1.56 

- 59.3 

1.34 

- 28.3 

1.14 

+ 5.5 

42.3 


23 * 

41.75 

21.20 

22.57 

93.9 

3.26 

- 33.4 

2.20 

- 7.9 

1.52 

+ 10.1 

31.8 

45.9 

24 

48.37 

18.42 

20.04 

91.9 

2.20 

- 43.3 

1.84 

- 2.6 

0.68 

— 37.6 

23.6 

63.8 

25 

47.80 

18.70 

19.78 

94.5 

3.52 

- 14.1 

2.21 

+ 10.5 

1.57 

+ 35.3 

30.9 

43.4 

26 

40.65 

21.85 

22.61 

95.0 

3.68 

- 20.6 

1.66 

- 26.2 

1.22 

- 6.1 

24.9 

33.8 

27 

44.08 

17.75 

18.92 

93.9 

4.04 

- 13.7 

2.45 

+ 7.4 

1.69 

+ 28.0 

29.5 

42.8 

28 

43.08 

20.88 

22.76 

91.7 

3.18 

- 29.7 

1.26 

- 42.7 

0.94 

- 25.9 

22.8 

30.6 

29 

46.86 

20.94 

24.13 

86.7 

1.72 

— 67.6 

2.54 

- 1.9 

2.38 

+ 52.0 

58.0 

61.9 

30 

42.09 

16.89 

18.07 

93.5 

3.55 

- 26.0 

2.15 

- 8.1 

1.65 

+ 22.0 

31.7 

41.3 

31 

43.26 

19.91 

20.67 

96.3 

3.79 

- 14.6 

2.04 

— 

1.32 

-r 5.6 

25.8 

39.9 

32 

42.85 

19.79 

20.22 

97.8 

3.06 

- 26.8 

1.55 

- 23.6 

0.99 

- 15.4 

24.4 

38.2 

33 

45.66 

19.92 

20.70 

96.2 

3.08 

- 31.1 

2.83 

+ 29.8 

2.27 

+ 80.1 

42.4 

52.9 

34 

46.07 

19.58 

20.72 

94.5 

3.96 

- 28.3 

3.55 

+ 31.9 

2.53 

+ 63.2 

38.9 

54.7 

35 

44.37 

18.75 

20.15 

93.0 

3.14 

- 29.9 

1.75 

- 19.7 

1.13 

- 10.3 

26.4 

40.9 

36 

42.90 

19.00 

19.28 

98.5 

2.73 

- 32.2 

1.57 

- 19.9 

0.87 

- 23.0 

23.9 

43.2 

37 

51.83 

16.39 

17.49 

93.7 

2.26 

— 57.3 

3.91 

+ 51.4 

3.07 

+ 106.0 

57.6 

73.4 


• Diagnosis of bronchiectasis also made. 


TABLE IV 


Summary of the values leith respect to arterial blood and pulmonary capacity in cases of pulmonary fibrosis and emphysema 




Pulmonary' Fibrosis (37 cases) 

.. 





Mean 

Standard 

Coefadcnt 




CocfT.dcnt 




de'*ia- 

of 

Variaticss 

ifean 

derm- 

cf 

V.*! rtn ! : rm t 



tion 

variation 



tins 

vanatl-m 


ArteriaX Blood 

v-Uj content, volumes per cent 



per cent 




Per cent 


•14.S9-MDJ4 

3.06 

6.S 

39JS-55.2I 

47.67^:0.60 

43S 

0.2 

4973-5’ 16 

^ wntcnt. toiur-.c, pir cAt.. . ! ! ! ! . . . 

19.50 -*-0. 1 6 

l.U 

7.4 

16-39-22.45 

lS.75iO.27 

1.96 

10 4 

14 3t-22.*0 


21.20-»-0.20 

1.S3 

S.6 

17.49-26.27 

21.29—0.24 

2.22 

10 4 

I5-5» -35 76 


92.0 -^O.-l" 

3.9 

4.2 

SO,6 -9S.5 

ES.2 =0 92 

6.7 

7.6 

72.9 -97.7 

Pulr-.or.ary Ccpscily 

t italcapaaty. liters 

«id tilers 

pC!idual air. liters 

lS»i« cnpacity. per cent . 

^*^0 Mid/Total carocity, percent. ... 

2.S7-i-0.07 

0.69 

24,0 

1.44- 4.0^< 

2.63 ±0.13 

0 92 

34 0 

0 f C - 4 9 < 

2.32 -^O.OS 

0.73 

31.4 

133- 4«0 

3.79—0.14 

I.C2 

2'> 0 

2.17 - 6 '6 

1.71-^O.Od 

OJ6 

32.7 

0 65- 3.16 

3.i;=:0.15 

1 (T) 

54 0 

:.6J- 5*: 

37.1 -^1.07 


26.1 

223 —55 0 

53.7 =l-«2 

13.2 

24 6 

iij -» > 7 

50.7 rnl.OS 

mm 

19J 

30.6 -73.4 

660 =1-72 
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1^ 9 
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cases (70.3 per cent) it was below the lower nor- 
mal limit of 94 per cent. In contrast with the 
group having emphysema it was below 90 per cent 
in only six patients, 16.2 per cent. These results 
show that the saturation of the arterial blood 
with oxygen is affected less in cases of pulmonary 
fibrosis than in those with emphysema. The 
oxygen combining power was almost identical in 
both groups of cases but in the group with 


between 40.73 and 58.16 volumes per cent. The 
values observed were scattered between the nor- 
mal limits of variation, and in only three cases did 
the results indicate an abnormally high content. 

In the patients with pulmonary fibrosis the 
mean value observed was 44.89 volumes per cent 
with variations between 39.35 and 55.21 volumes 
per cent. Referring to Figure 1, it will be noted 
that most of the results obtained in this condition 



Fig. 1. Carbon Dioxide Content and Oxygen Saturation of the Arterial Blood 
IN 24 Cases of Pulmonary Emphysema (Circles) and 37 Cases of 
Pulmonary Fibrosis (Dots). 


fibrosis the average oxygen content of the arterial 
blood was higher. 

Carhon dioxide content. The mean value for 
the carbon dioxide content of the arterial blood 
in the cases of pulmonary emphysema was 47.67 
volumes per cent, with the extreme variations 


were grouped near the lower normal limits of 
variation, and in one case only was the value 
abnormally high. These observations indicate 
that a higher carbon dioxide content is found in 
cases of pulmonary emphysema than is usual with 
those of fibrosis. 
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TABLE V 

Oj saluralion of the arterial blood and its relationship to the ptUmonary capacity in cases of pulmonary fibrosis and emphysema 


Average Values 


Os satiiration 

! 

Vital capacity 

Mid capacity 

Residnal air 

Ratio 

Reridualair ^ 

Total capacity 

f>er cent from normal 

Per cent from normal j 

per cent from normal 

1 


Fibrosis 

Emphysema 

Fibrosis 

Emphysema 

Fibrosis 

Emphysema 

Fibmsis 

Emphysema 

fer cent 

94 to 100 

-29.6 

-20.9 

-fl.O 

-1-34.1 

-1-24.0 

-1- 57.3 

33.1 

35.9 

90 to 94 

-34.8 

-45.2 

-1-9.3 

-f49.9 

-f34.8 

-fll4.2 

36.4 

52.3 

85 to 90 

—55.7 

-48.9 

-fO.9 

-f38.9 

-1-41.8 

+ 90.0 

A8.4 

51.2 

80 to 85 

-56.8 

-60.9 

— i.i 

-1-83.5 

-f22.5 

-1-185.7 

46.2 

67.6 

75 to 80 

70 to 75 


-54.2 

-73.1 


+43.7 

+92.6 


-f 90.9 
-1-192.5 


54.1 

76.6 


Correlation of the gaseous content of the arterial 
blood with the pidmonary capacity 

Oxygen saturation. The relationship of the 
ox}*gen saturation of the arterial blood to the 
various observations of the pulmonary capadtj* is 
summarized in Table V. We have been especially 
interested in the comparison of the degree of 

Residual air 


anoxemia with the ratio 


X 100. 


Total capacity 
From observations which we have made in cases 


of pulmonary emphysema and fibrosis it appears 
that this ratio gives, as a rule, a fair index of the 
abnormality of the respiratory mechanism in these 
conditions and that it is well correlated with the 
degree of disabilitj*. 

A comparison of the degree of oxj'gen satura- 
tion of the arterial blood with the value of the 
ratio in cases of pulmonaiy* emphysema is pre- 
sented in Figure 2. It reveals a definite tendencj* 
for the saturation to decrease as the ratio in- 



Flc. 2. CoRRELATIOK OF TnE OXYCEX SaTUE-^TIOX OF THE .-VETESIAL BlOOO WITH -HE R.f.TTO OF ReFIFVAL .'.IF TO 
Total Pclmoxaky CAPAcrri’ ik 24 Cases of Pclvoxaey EsrpirvsEii-v 
Curve is a tnathcmatically calculated logarithmic curve. 
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ratio .residual air x ioo 
total capacity 

Fig. 3. Coordination of the Oxygen Saturation of the Arterial Blood and the Ratio of Residual Air to To* 

TAL Pulmonary Capacity in 37 Cases of Pulmonary Fibrosis. 


creases, although the relationship does not ap- 
pear to be linear in character. Some degree of 
anoxemia was present in all instances in which 
the ratio exceeded 40 per cent. In all cases, but 
one, in which the ratio was greater than 60 per 
cent the degree of anoxemia was extreme. The 
relationship of these same factors in cases of pul- 
monary fibrosis is shown in Figure 3. Whenever 

the ratio x loo exceeded 45 per 

Total capacity 


cent, all cases, but one, showed some degree of 
unsaturation, but below this limit there appeared 
to be no correlation between these two factors. 
The arterial blood may or may not be saturated 
with oxygen when the ratio was low, but the de- 
gree of anoxemia is very slight in those circum- 
stances, being in no case below 91 per cent. In 
general the statement is true that when the resid- 
ual air constitutes 45 per cent or more of the 
total capacity of the lungs it is usual to find some 


TABLE VI 


CO2 content of the arterial blood and its relationship to the pulmonary capacity in cases of pulmonary fibrosis and emphysema 



volumes per cent 

36 to 40 

40 to 44 

44 to 4S 

48 to 52 

52 to 56 

56 to 60 


Vital capacity 


per cent from normal 


Mid capacity 


per cent from normal 


Residual air 


per cent from normal 


Ratio 
Residual air 
Total capacity 


Fibrosis Emphysema Fibrosis Emphysema Fibrosis Emphysema Fibrosis Emphysema 



+ 10.3 
+ 2.1 
+ 7.4 
+24.4 
- 10.8 


+22.8 

+57.7 

+67.5 

+77.2 

+36.7 


+55.1 

+22.2 

+36.3 

+34.2 

+29.1 


+ 54.7 
+ 126.9 
+ 13/. D 
+ 184.6 
+ 76.7 
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degree of anoxemia of the arterial blood and that cases are grouped on the basis of the relative 
the degree of anoxemia tends to increase as the value of the residual air the average values ob- 
ratio increases beyond this limit. served of the oxj'gen saturation and carbon 

Carbon dioxide content. In Table VI there is dioxide content of the arterial blood in each group 
a comparative study of the carbon dioxide content show a striking relationship to the ratio. The 



V0L-9S 20—30 30— VO VO— 50 SO— CO CO— 70 7C— EO £0—130 


RATIO 


RCSlOUAL AR jf iQo 
TOTAL CAPACITT 


Fig. 4. Correlatiox or the Cakeox Dioxide Context or the .\rtcsiai. Blood 
TO THE Ratio or Residu.u. Air to Total Pulmoxaey Capacity ix 24 
Cases or Pulmoxary Emphy-eema (Circixs) axd 37 Cases 
or PCLMOXARY' FlEROSIS (DoTS). 

Broken lines represent the average carbon dioxide content in each group. 


of the arterial blood and the pulmonaiy' capadU*. 
The correlation behveen tlie ratio 
Residual air 
Total capacin- ^ ^ 

snd the carbon dio.xide content in all cases in- 
vestigated, both of pulmonarj' emphysema and 
fibrosis, is presented in Figure 4, which shows a 
definite tendenej- for the carbon dio.xide content 
to Y-arv- directly with tlie ratio. Vhen all of the 


critical value of the ratio at which the average 
Y’alues of the blood gases become definitely abnor- 
mal are betivecn 40 and 50 per cent. 

DISCUSSIO.X 

Although the elimination of carbon dio.xide and 
the absorption of o.xx'gen are mutuallv 
processes in certain resrvects, they mav be con- 
sidered separately, Difneuby in tb.e eli.'r.inatic.n 
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■ • » « « • ■ 1 1 ■ ■ I ■ ■ « I 
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RATIO RESipual air k iqo 
TOTAL capacity 

Fig. 3. Coordination of the Oxygen Saturation of the Arterial Blood and the Ratio of Residual Air to To- 
tal Pulmonary Capacity in 37 Cases of Pulmonary Fibrosis. 


creases, although the relationship does not ap- 
pear to be linear in character. Some degree of 
anoxemia was present in all instances in which 
the ratio exceeded 40 per cent. In all cases, but 
one, in which the ratio was greater than 60 per 
cent the degree of anoxemia was extreme. The 
relationship of these same factors in cases of pul- 
monary fibrosis is shown in Figure 3. Whenever 

, . Residual air j j ac 

the ratio r- X 100 exceeded 45 per 


Total capacity 


cent, all cases, but one, showed some degree of 
unsaturation, but below this limit there appeared 
to be no correlation between these two factors. 
The arterial blood may or may not be saturated 
with oxygen when the ratio was low, but the de- 
gree of anoxemia is very slight in those circum- 
stances, being in no case below 91 per cent. In 
general the statement is true that when the resid- 
ual air constitutes 45 per cent or more of the 
total capacity of the lungs it is usual to find some 


table VI 

COi content of the arterial blood and its relationship to the pulmonary capacity in cases of pulmonary fibrosis and emphysema 



Vital capacity 


per cent from normal 


Mid capacity 


per cent from normal 


Residual air 


per cent from normal 


Ratio 

Residual air ^ jqq 
T otal capacity 


volumes per cent 

36 to 40 

40 to 44 

44 to 4S 

48 to 52 

52 to 56 

56 to 60 




Emphysema 

Fibrosis 

Emphysema 

Fibrosis 

1 

4-10.3 


4-55.1 

-29.6 

+ 2.1 

4-22.8 

+22.2 

-50.1 

4-7.4 

4-57,7 

+36.3 

-49.5 

4-24.4 

‘ 4-67.5 

4-34.2 

-74.S 

-68.0 

-10.8 

4-77.2 

4-36.7 

4-29.1 
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degree of anoxemia of the arterial blood and that 
the degree of anoxemia tends to increase as the 
ratio increases beyond this limit. 

Carbon dioxide content. In Table VI there is 
a comparative study of the carbon dioxide content 


cases are grouped on the basis of the relative 
value of the residual air the average values ob- 
served of the o^'gen saturation and carbon 
dioxide content of the arterial blood in each group 
show a striking relationship to the ratio. The 



RATIO 


RESPt/At 4R X {00 
TOTAL CAPACiTr 


Fig. 4. Correiatiox of the Caeeox Dioxide Coxtext or the .Aj!te?.ial Bixod 
TO THE Ratio of Residual .'Vie to Total Pulhox.ary CAP.vaTY ix 24 
Cases of Pulsioxaey Emphyseii.a (Ckcles) axd 37 C.ases 
of Pulmoxaey Fief.osis (Dots). 

Broken lines represent the average carbon dio.-dde content in each gronp. 


of the arterial blood and the pulmonarj- capadt%'. 
The correlation beUveen the ratio 


Residual air 


XlOO 


Total capadtv- 
and the carbon dioxide content in all cases in- 
vestigated, both of pulmonaiy’ empln-sema and 
fibro.sis, is presented in Figure 4, which shows z 
definite tendency for the carbon dioxide content 
to vaiy- directh- with the ratio. When all of the 


critical value of the ratio at which the average 
values of the blood gases become deSnitelv abnor- 
mal are betiveen 40 and 50 per cent. 


Although the elimination of carbon dioxide and 

the absorption oi o.xygen are mutuallv dependent 

processes in certain respects, thev mav t Tn. 

siderea separatelv. DiFicuhv tr, \u V • ? 

“ cuit} :n the elimination 
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of carbon dioxide may be paitly compensated by 
an increase in the alkaline reserve of the blood. 
If, however, some of the blood flowing through 
the lungs escapes complete aeration the mixed 
pulmonary blood in the left auricle will be in- 
completely saturated and arterial anoxemia will 
be inevitable no matter how much the ventilation 
and blood flow through normal portions of the 
lung may be increased. 

The factors (apart from a low barometric pres- 
sure) which will operate in causing a diminution 
in the oxygen saturation of the arterial blood are 
numerous, but they may be ultimately considered 
from three general points of view: (1) deficient 
alveolar ventilation (lack of proper mixing, ana- 
tomical alterations preventing a free flow of air, 
shallow breathing) ; (2) reduced permeability for 
diffusion (in the alveolar and capillary walls or in 
the blood itself), and (3) the influence of the 
abnormalities just mentioned will be modified by 
the preservation or suppression of the circulation 
through the affected lung zones. It is evident 
from this brief consideration that anatomical as 
well as functional abnormalities of the lung 
parenchyma may play an etiological role in the 
production of anoxemia, and we may investigate 
first the extent to which these abnormalities are 
present in pulmonary emphysema. 

Christie (23) has recently published a most 
complete study of the functional pathology of 
emphysema. Our own observations of the pul- 
monary capacity in this condition have been pub- 
lished (1). In both papers the factors entering 
into the deficient alveolar ventilation and resultant 
anoxemia of this condition have been reviewed, 
particularly with reference to the loss of elasticity, 
the increase in intrapleural and venous pressure, 
the dilatation of the alveoli, the increase in re- 
sidual air and .the decrease in vital capacity. In 
the present paper we have endeavored to bring 
out the relationship between the last two factors 
and the gas content of the arterial blood. 

There is much to suggest that there are great 
inequalities in the efficiency of ventilation of the 
alveoli in different parts of the lungs with the 
result that the mixed pulmonary blood in the left 
auricle is incompletely saturated with oxygen. 
By making fractional analyses of a single ex- 
piration, Nielson and Sonne (34) have recently 
demonstrated that tlie alveolar air is not uniform 


in composition, even in normal individuals, and 
suggest that it is quite likely that this lack of uni- 
formity is more pronounced in pulmonary disease. 
Further studies of this type are being carried on 
in our laboratory with an improved apparatus. 
Meakins (6) observed a decrease in the saturation 
of' the arterial blood following the induction of 
shallow breathing in normal individuals, and ex- 
pressed the opinion that it is an important mecha- 
nism in the anoxemia observed in patients with 
pneumonia (35). A study of the respiratory 
tracings in our cases does not disclose the presence 
of shallow breathing, and it appears that at least 
during rest it is not a significant factor in the 
altered haemo-respiratory exchange. 

Alterations in the alveolar permeability prob- 
ably play no role in the imperfect oxygenation of 
the blood in cases of emphysema. Krogh (36) 
in 1914 found a normal permeability and dif- 
fusion constant in three cases of emphysema. 
Although the possibility of a disturbed permeabil- 
ity cannot be entirely dismissed our observations 
suggest that deficiency in alveolar ventilation is 
probably the most important factor. 

The explanation of the anoxemia found in pul- 
monary fibrosis is more difficult. Although there 
is some evidence (2) to indicate that alterations in 
elasticity of the lungs probably exist in this con- 
dition, the question has not been definitely settled, 
it is interesting to observe that anoxemia is mainly 
found when the ratio of residual air to total ca- 
pacity is over 45 per cent. In this condition, as 
in pulmonary emphysema, an insufficient alveolar 
ventilation is a factor which accounts for the 
anoxemia in part. However, the nature of the 
anatomical changes in pulmonary fibrosis indi- 
cated that in well advanced cases there are dense 
areas which in all probability receive little or no 
ventilation, and, if the blood is incompletely 
shunted from these regions anoxemia will result. 
We have been unable to find a definite correlation 
between the degree of anoxemia and the extent of 
the fibrotic lesions as seen in the roentgenographfe 
film (see Table VII). 

Although considerable thickening of the al- 
veolar walls is frequently found at autopsy in 
cases of pulmonary fibrosis, suggesting that a de- 
creased diffusion of oxygen ('' pneumoniosis ”) 
may exist in this condition, there is no e.xperi- 
mental or direct proof in favor of this assumption. 
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TABLE VII 


CDs content and 0-. saturation of the arterial blood in 
cases of pulmonary fibrosis arranged in groups aecording 
to the roentgenographie appearance.* 


Groups^ 

Nnm* 
ber of 
cases 

CO2 content 

O2 satnration 

Aver- 

age 

Variations 

Aver- 

age 

Variations 



Tolumes 

volumes 

Per 

per 



percent 

Per cent 

cent 

cent 

Group I 

17 

43.72 

39.35-i7.&(i 

94.1 

91.4-98.5 

Group III 

12 

45.08 

39.62-55.21 

90.1 

80.6-96.3 

Group IV 

3 

44.13 

42.00-46.54 

93.8 

92.2--95.7 

Group V 

3 

48.91 

47.39-51.83 

91.2 

87.3-93.7 

Group VI 

2 

47.61 

46.86-48.37 

89.3 

86.7-91.9 


* Group I. Cases which showed increased linear 
markings in the lung fields. 

Group III. Patients included in this group showed 
nodular shadows. 

Group IV. In this group the nodular shadows 
showed a tendency to agglomerate, giving a 
mottled appearance. 

Group V. Patients in this group presented large 
dense shadows chiefly in the upper portions of 
the lung and in addition showed marked em- 
• physe'ma at the bases of the lungs. 

Group VI. A fine and diffuse reticular fibrosis in- 
volving the whole of the lung fields was pres- 
ent in the cases included in this group. 

It should not be assumed that the existence of 
snoxemia indicates a high degree of disability. 
To be sure it represents a partial failure of res- 
pirator)' function, however it has been observed 
that the natives of high altitudes may live in a 
condition of constant and marked anoxemia and 
still exhibit a most surprising adaptation to physi- 

and mental work (37) (38). It is quite pos- 
sible that the anoxemia which follows the developi- 
ment of chronic anatomical alterations in the 
lungs leads to some unknown adaptative mecha- 
nism, which in this way differs in its significance 
from the one which results from an acute loss of 
respiratory function, such as that whicli occurs in 
pneumonia, or as a result of a sudden decrease in 
barometric pressure. 

The carbon dio.xide content of the arterial 
blood seems also to have some relationship to the 
degree of the alterations in pulmonaiy capacity. 
An abnormal increase in the content of CO- is 
chiefly observed in cases of pulmonar)' emphv- 
fenia in which these alterations are esiiccjaily 


marked. This suggests that the same functional 
abnormalities which have been mentioned in con- 
nection with the development of anoxemia are 
partly responsible for the accumulation of carbon 
dioxide. However, one finds a severe anoxemia 
not uncommonly accompanied by a normal car- 
bon dioxide content of the arterial blood. The 
high carbon dioxide content usually found in 
cases of pulmonar)' emphysema is accompanied 
by an increase of blood bicarbonates. Since the 
work of Scott (24) this has been interpreted as 
a mecham'sm by means of which the emphysema- 
tous patient is able to compensate, at least in part, 
the difficulties in the elimination of carbon diox- 
ide during physical actirit)'. 

SUMMARY AND CONCLUSIONS 

The oxygen saturation and the carbon dio.xide 
content of the arterial blood have been studied in 
24 cases of pulmonar)- emphysema and in 27 
cases of pulmonary' fibrosis. IMost of the latter 
were cases of pneumonokom'osis. The findings 
have been correlated with the degree of alteration 
in the pulmonaiy- capacit)- simultaneously deter- 
mined, and lead to the following conclusions : 

1. Ano.xemia is a veiy- frequent finding in cases 
of pulmonary' fibrosis and emphysema, but it ap- 
pears to be much more pronounced in the latter 
disease. 

2. The carbon dio.xide content of the arterial 
blood has been found to be increased chiefly in 
cases of pulmonary emphysema. Host cases of 
fibrosis exhibit a rather low normal content of 
this gas. 

3. The degree of unsaturation of the arterial 
blood with o.xygen appears to be definitely cor- 
related with abnormalities in pulmonarv capacitv, 
this being chiefly evident in cases of emphvscma. 

4. H hen the residual air constitutes 45 per cent 
or more of the total capacity a certain degree of 
anoxemia is almost in\*ariably present, both in 
pulmonary emphysema and fibrosis. 

5. -Abnormally high values of carbon dioxide 
in the arterial blood are found in a-ssociation %v!th 
a marked increase of the ratio of residual air to 
total capadty. 

6. Though many factors must be considered in 
connection with the anoxe.'nia of ptilmonarv em- 
physema and of p'jlmonary fihros;-.: cl dvfici'-m rd- 
vcolar ventilation is probaidy tl’.e r:-;-: in:,'-'.rt.'.r.: 
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Fig. 5. Atorage Oxygen Saturation (Broken Line) and Carbon Dioxide 
Content (Solid Line) of the Arterial Blood of 61 Cases of Pulmonary Emphy- 
sema and Fibrosis Grouped According to the Observed Ratio of Residual Air 
TO Total Capacity. 


factor, the best index of which is found in the 
ratio of residual air to total capacity. 

BIBLIOGRAPHY 

1, Hurtado, A., Kaltreider, N. L., Fray, W. W., Brooks, 

W.’ D. W., and McCann, Wm. S., Studies of total 
pulmonary capacity and its subdivisions. VI. Ob- 
servations on cases of obstructive pulmonary em- 
physema. J. Clin. Invest., 1934, 13, 1027. 

2. Hurtado, A., Kaltreider, N. L., Fray, W. W., Brooks, 

W. D. W., and McCann, Wm. S., Studies of total 
pulmonary capacity and its subdivisions. VIII. 
Observations on cases of pulmonary fibrosis. J. 
Clin. Invest., 1935, 14, SI. 


3. Hurter, Untersuchungen am arteriellen menschlichcn 

Blute. Deutsches Arch. f. klin. Med., 1912, 108, 1. 

4. Stadie, W. C., The oxygen of the arterial and venous 

blood in pneumonia and its relation to cyanosis. 
J. Exper. Med., 1919, 30, 215. 

5. Harrop, G. A., Jr., The oxygen and carbon dioxide 

content of arterial and of venous blood in normal 
individuals and in patients with anemia and heart 
disease. J. Exper. Med., 1919, 30, 241. 

6. Meakins, J. C., Observ'ations on the gases in human 

arterial and venous blood. J. Path, and Eact., 
1920, 23, 451. 

7. Himwich, H. E., and Barr, D. P., Studies in the 

physiologj' of muscular exercise. V. Oxygen re- 
lationships in the arterial blood. J. Biol. Chem., 
1923, 57, 363. 



PULMONARY CAPACITY. IX. 


105 


8. Barcroft, Binger, C. A., Back, A. V., Doggart, 

J. H., Forbes, H. S., Harrop, G., Mealdns, J. C., 
and Redfield, A. C., Observations upon the effect 
of high altitude on the physiological processes of 
the human body, carried out in the Peruvian An- 
des, chiefly at Cerro de Pasco. Philos. Tr. Roy. 
Soc., s. B, 1923, 211, 351. 

9. Hurtado, A., Kaltreider, N. L., and McCann, Wm. S., 

Respiratory response to anoxemia. Am. J. Phys- 
iol., 1934, 109, 626. 

10. Barr, D., Himwich, H. E., and Green, R. P., Studies 

in the physiology of muscular exercise. I. Changes 
in acid-base equilibrium following short periods of 
vigorous muscular exercise. J. Biol. Chem., 1923, 
55, 495. 

11. Bunvell, C. S., and Robinson, G. C., The gaseous 

content of the blood and the output of the heart in 
normal resting adults. J. Clin. Invest, 1924-25, 1, 
87. 

12. Stadie, W. C., 'The treatment of anoxemia in pneu- 

monia in an oxygen chamber. J. Exper. Med., 
1922, 35, 337. 

13. Barach, A. L., and Woodell, M. N., Studies in oxy- 

gen therapy. II. In pneumonia and its complica- 
tions. Arch. Int Med., 1921, 28, 394. 

14. Mealdns, J. C., Observations on the gases in human 

arterial blood in certain pulmonary conditions, and 
their treatment with oxygen. J. Path, and BacL, 
1921, 24, 79. 

15. Hastings, A. B., Neill, J. M., Morgan, H. J., and 

Binger, C. A. L., Blood reaction and blood gases 
in pneumonia. J. Clin. Invest., 1924-25, 1, 25. 

16. Binger, C. A. L., Hastings, A. B., and Sendroj", J., 

Jr., A further study of blood reaction and blood 
gases in pneumonia. J. Exper. Med., 1927, 45, 
1081. 

17. Binger, C. A. L., and Davis, J. S., Jr., The relation 

of anoxemia to the type of breathing in pneu- 
monia. A study of respiration by means of a 
body plethysmograph. J. Clin. Invest, 1928-29, 6, 
171. 

18. Davis, J. S., Jr., The effect of morphine on the respi- 

ration in pneumonia. J. Clin. Invest, 1928-29, 6, 
187. 

19. Binger, C. A. L., Anoxemia in pneumonia and its re- 

lief by Os inhalation. J. Qin. Invest, 1928-29, 6, 
203. 

20. Campbell, J. M. H., Hunt, G. H., and Poulton, E. P., 

An examination of the blood gases and respiration 
in disease, with reference to the cause of breath- 
lessness and cjanosis. J. Path, and Bact., 1923, 
26, 234. 

21. Himsrich, H. E., and Loebel, R. O., The o.xj-gen 

saturation of hemoglobin in the arterial blood of 
exercising patients. J. Clin. Invest, 1927-28, 5, 
113. 


22. Kountz, W. B., Alexander, H. L., and Dowell, D., 

Emphysema simulating cardiac decompensation. 
J. A. M. A., 1929, 93, 1369. 

23. Christie, R. V., The elastic properties of the emphy- 

sematous lung and their clim'cal significance. J. 
Clin. Invest, 1934, 13, 295. 

24. Scott, R. W., Observations on the pathologic physi- 

ology of chronic pulmonary emphysema. Arch, 
Int Med., 1920, 26, 544, 

25. Mealdns, J. C., and Davies, H. W., Respiratory 

Function in Disease. Oliver and Boyd, Edin- 
burgh, 1925, 

26. Pomplun, F., Ergebnisse von Sauerstoff- und Kohlen- 

saurenanalysen des arteriellen und venosen Elutes 
bei Lungentuberkulose. II. Darstellung von Ein- 
zelfallen. Ztschr. f. Tuberk., 1928, SI, 185. 

27. Hilton, R., La teneur en oxygene du sang arteriel 

dans la tuberculose pulmonaire et au cours du 
pneumothorax artificiel. Ann. d, med., 1925, 17, 
322. 

28. Cossio, P., and Berconsky, I., Syndrome dTiypo- 

ventilation alveolaire. Rev. sud-am. de med. et de 
chir., 1932, 3, 705. 

29. Hoover, C. F., iloisture in the air spaces of the 

lungs and oxygen therapy. J. A. M. A^ 1918, 71, 
880. 

30. Le Blanc, E., Respiratorischer Gasaustasch und 

Lungendurchblutung unter normalen und krank- 
haften Zustanden der Atmungsorgane. Unter- 
suchungen am arteriellen und venosen Blut von 
Mensch und Tier. Beitr. z, Klin. d. Tuberk,, 1922, 
50, 21. 

31. Schjemlng, J., Hber das Problem der Zv-anose un 

der Begriff der Pneumonose. Beitr. z. Klin. d. 
Tuberk., 1922, 50, 96. 

32. Ceruti, G., Variazone dil ricambio respiratorio e dei 

gas del sangue nell’ edema polmonare sperimentale. 
Arch, di sc. biol., 1931, 16, 221. 

33. Peters, J. P., and Van Slyke, D, D., Quantitative 

Clinical Chemistry'- Vol. 11, Methods. Williams 
and Wilkins Company, Baltimore, 1932. 

34. Nielson, E., and Sonne, C., Die Zusammensetzung 

der .-Mveolarluft Ztschr. f. d. ges. exper. ifed., 
1932, 85, 46. 

35. Mcakins, J. C., Harmful effects of shallow breathing 

with special reference to pneumonia. .A.rch. Int. 
Med., 1920, 25, 1. 

36. Krogh, M., The diffusion of gases through the lungs 

of man. J. Physiol., 1914-15, 49, 271. 

37. Hurtado, A., Studies at high altitude. Blood ob- 

servations on the Indian natives of the Peruvian 
Andes. Am, J. Physiol., 1932, 100, 4S7. 

38. Hurtado, .A.., Respiratory adaptation in the Indian 

natives of the Peruvian .Andes, Studies at l.igh 
altitude. .Am. J. Phys. .Anthropo!., 1932. 17, 137. 



^^ONCERNING THE NATURALLY OCCURRING PORPHYRINS 

I. The Isolation of Coproporphyrin I from the Urine in a 
Case of Cincophen Cirrhosis^ 

By CECIL JAMES WATSON 

\Trom the Department of Medicine, University of Minnesota Hospital, Minneapolis') 
(Received for publication September 10, 1934) 



XATURALLY OCCURRIXG PORPHYRINS. I. 


107 


was painless. The stools were clay colored and the 
urine dark brown in color. There was marked ascites 
which recurred rapidly following each abdominal para- 
centesis. There was increasing edema of the legs. 
Hemorrhoids were noted. A definite hemorrhagic tend- 
ency was observed, characterized by petechiae and epis- 
ta.xis. Neither liver nor spleen was palpable. The pa- 
tient was apathetic, and during the last few days of life 
was difficult to arouse. Death occurred after a period 
of coma of about 36 hours duration. Laboratory cx- 
amiiiatioiis: The hemoglobin was 88 per cent (Sahli). 
The red blood cells numbered 4.500,000. .Another hemo- 
globin determination one week before death was 96 per 
cent (Sahli). The leukocj-tes were 13,500, on another 
occasion 12,500; the neutrophiles 84 per cent and the 
Ijmphocytes 16 per cent. The total leukocyte count one 
week before death had decreased to 7,800. The blood 
platelets were 200,000 per cu. mm. The coagulation time 
of blood obtained by ear lobe puncture was 1 lb minutes ; 
the bleeding time was 5 minutes. The capillary resist- 
ance test was strongly positive. The icterus index 
shortly after admission to the hospital was 140 units. 
The \'an den Bergh reaction was of the biphasic prompt, 
direct type. Five days before death the icterus index 
was 110 units. The blood Wassermann and Kahn reac- 
tions were negative. The urine was acid in reaction, the 
specific gravity varjdng from 1.017 to 1.023. The Gmelin 
test for bilirubin was strongly positive. The urobilino- 
gen in the urine was increased in amount, on one occasion 
being 4.3 mgm. per day, a week later 27.4 mgm. per day. 
The method used was a modification of one previously 
described by the writer (13). The upper limit of normal 
with this method is believed to be 1.5 mgm. per day. 
Over a four day period at about the time of the second 
urine urobilinogen estimation, the average daily excretion 
of urobilinogen in the feces was found to be 33 mgm. 
The normal range is from 100 to 250 mgm. per day. 
using the method just mentioned. These findings indi- 
cated an incomplete obstruction to the outflow of bile, 
and considerable diffuse liver injury. The stools did not 
contain demonstrable occult blood by the benzidine test. 

Necropsy .revealed advanced cirrhosis of the liver. 
The liver weighed 1125 grams, was quite firm and exhib- 
ited diffuse fine lobulation. The spleen weighed 300 
gr.ims. Microscopically a marked portal cirrhosis was 
.seen in the liver, characterized by very marked fibrosis, 
moderate lymphocytic infiltration, and extensive bile duct 
proliferation in the portal spaces. Many of the bile 
ducts were dilated and filled with bile, as though definite 
obstniction existed distal to them. The liver parench>-ma 
of the central portion of the lobules appearctl to be quite 
normal. No necrosis was seen and fatty metamorphosis 
was relatively small in amount. Nothing from .an ana- 
tomical st.andpoint served to distinguish this from an 
ordinary advanced port.al cirrhosis. 

The tnethosl used for the isolation of the coprop >rphy- 
rin was a inotlification of that c.mploycd by H. Fischer 
aii'l Ducsl'erg (51. liach 24 -hour urine sample :r>r .an 
s'glit day iK'riixl was strongly acidifietl with glacial acetic 


acid in a 5 liter separatory funnel, and shaken with to 
I 2 its volume of ether. (Care was observed at first dur- 
ing this shaking, because of the large amounts of COs 
liberated on acidification.) Emulsions were broken by 
addition of small amounts of alcohol. It was occasion- 
ally necessary to resort to filtration after shaking with 
talc. The ether was repeatedly washed with distilled 
H:0 and was next extracted a number of times with 
small amounts of 2 per cent HCl. This 2 per cent HCl 
from each 24-hour urine was united, and extraaed re- 
peatedly with chloroform, which removed urobilin and 
mesobiliviolin (14) as well as most of a small amount 
of chloroform soluble porphyrin which was present. It 
was then diluted ten times (to 0.2 per cent HCl) and 
again extracted with chloroform. This completed the 
removal of the chloroform soluble porphyrin. This por- 
phyrin was probably protoporphyrin since on later frac- 
tionation it was found to leave 2 per cent HCl for 
chloroform. Nevertheless, its absorption spectrum did 
not correspond entirely with that of protoporphyrin, but 
the amount was much too small to permit further puri- 
fication. so that its identity remained doubtful. The re- 
maining aqueous solution was made negative to cengo 
paper by addition of an excess of solid sodium acetate. 
Twenty to 25 cc. more of glacial acetic acid were also 
added. Repeated ether extraction was then carried out. 
The ether was united, washed with water repeatedly, and 
the coproporphyrin e.xtracted with 2 per cent HCl. Al- 
ter nearly neutralizing uuth 10 per cent NaOH. it was 
again taken into ether. Next it was quantitatively re- 
moved from the ether with 10 per cent NaOH. This 
was allowed to stand over night, but the sodium salt was 
entirely soluble, as H. Fischer and Kirrmann ( 15 ) have 
shown to be true of coproporphyrin, but not of the 
porphyrins more closely related to hemin. such as pro- 
toporphyrin, or deuteroporphyrin. Upon making this 
NaOH solution barely acid with 10 per cent HCl. th.e 
coproporphyrin was again taken into ether, and the 2 
per cent HCl-ether fractionation was once more re- 
peated. The final ether solution was dried over anhy- 
drous sodium sulphate, filtered, and concentrate*! to a 
very small volume on the water bath. The free copro- 
porphyrin crystallized in fine needles. Thii material v.n- 
cstcrificd by standing over night in methyl alcoh'd. v. hich 
had just previously been saturated in the c*i!<i v. itli dr;. 
HCl gas. The ester wa- purine-*!, and crystallize'! *iiit 
of chloroform-methyl alc'diol. acc'irdir.g to H. F:-c!’.'.r’v 
metho*I (4. 16). .•\fter rep'zatc*! re-cry-taliiz.-ition, 12 
mgm. of material were ol/.aine-l. In Iinndhng --irh 
small amounts the use of a microtcclinic i- < Mii'.-it"-'. . 
This is particularly true with, reference to fdir.iti ; 
funnels of 1.5 to 2 cm. in di.ameter v. itii \erv -n-.-.h ! ••..'!■ '! 
glass taclis and r<'uur! filter g 5 nun :n *.’■.. in ■- 

ter are cmpl'iycil v.ilii s-jcti .n. tc t tu’v ■■■ :•' .a • 

arm ser-.cs to recei-.e ti;e m itiicr h';u r. In i- ■ . 

fraction of a rni’hgrani n-;.;. rt..d:;;, I 

cr.~il times. On Ih-g. ti e •: ■ ; rr;. • ;t 
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Evidence for a dualism of the porphyrins in 
nature has been repeatedly presented by Hans 
Fischer (1, 2, 3). This means that both plant 
and animal organisms are capable of the forma- 
tion of porphyrins of two isomeric series, those 
corresponding to aetioporphyrin III, including 
hemoglobin and chlorophyll, and those of the aeti- 
oporphyrin I type, the function of whose repre- 
sentatives is as yet very little understood. The 
aetioporphyrins, of which there are four, have 
only methyl and ethyl groups in varying position 
on the porphyrin ring. Because of this relative 
simplicity Fischer has classified the isomers of the 
other porphyrins according to which aetioporphy- 
rin their structure corresponds. The aetioporphy- 
rins are artificial. Porphyrins corresponding in 
structure to aetioporphyrins I and III have been 
found in nature, those corresponding to II and 
IV have only been obtained artificially. Fischer 
has pointed out that it is chemically inconceivable 
for porphyrins of the one type to be transformed 
into those of the other except by complete destruc- 
tion and re-synthesis. Thus it is necessary to 
look upon the formation of the two series occur- 
ring in nature as independent processes. Por- 
phyrins corresponding to aetioporphyrin I were 
first isolated from the urine and feces of a case 
of congenital porphyrinuria by H. Fischer (4). 
These were named coproporphyrin I and uropor- 
phyrin I, the former having four methyl and four 
propionic acid groups, the latter eight carboxyl 
groups. Several instances of the same disease 
have since been studied by Fischer and Duesberg 
(5), and also Van den Bergh (6), in which iden- 
tical porphyrins were excreted. However, one 
instance was reported by each in which copro- 
porphyrin III -was isolated. Thus evidence for 
the existence of two chemically different, but 


clinically indistinguishable types of idiop<ithic 
porphyrinuria was presented. In only one other 
condition has coproporphyrin III been isolated; 
namely, by Grotepass (7) from the urine of a 
patient with lead poisoning. This finding was 
substantiated by Fischer and Duesberg (5) in a 
study of experimental lead poisoning in rabbits. 
Traces of coproporphyrin occur in normal urine, 
as recognized by Schumm (8), also by H. Fischer 
and Zerweek (9), but whether of the aetioporphy- 
rin I or III type has not been determined. As 
Kammerer (10) has recently observed, this re- 
mains one of the chief difficulties in the porphyrin 
problem, and the extremely small amounts in the 
normal urine make this obstacle almost insur- 
mountable. H. Fischer (4) estimated that at 
least 1000 liters of normal urine would have to 
be employed in order to isolate sufficient porphy- 
rin for microanalysis. The increase of porphyrin 
in the urine in jaundice and liver disease of vari- 
ous types has long been recognized (Gar rod (11)) 
Gunther (12)). Until now porphyrins have not 
been isolated from such instances. In the present 
investigation a porphyrin has been isolated from 
the urine of a patient suffering from cirrhosis of 
the liver, probably caused by cincophen. This 
porphyrin has been identified by virtue of ester 
melting point and spectroscopic characteristics as 
coproporphyrin I. 

MATERIAL AND METHODS 

A description of the clinical and anatomical 
findings in the patient from whose urine copro- 
porphyrin I was isolated, follows : , 

White male, aged 52. The patient came to the hospital 
because of jaundice and anorexia of eight weeks dura 
tion. For two years he had been troubled by rheuma 
tism. To alleviate this he had taken a patent medicine 
for three months prior to the onset of jaundice. Chemi 
cal examination of this medicine indicated the presence 
of considerable amounts of cincophen. The jaun ice 
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was painless. The stools were clay colored and the 
urine dark brown in color. There was marked ascites 
which recurred rapidly following each abdominal para- 
centesis. There was increasing edema of the legs. 
Hemorrhoids were noted. A definite hemorrhagic tend- 
ency was observed, characterized by petechiae and epis- 
taxis. Neither liver nor spleen was palpable. The pa- 
tient was apathetic, and during the last few days of life 
was difficult to arouse. Death occurred after a period 
of coma of about 36 hours duration. Laboratory ex- 
aminations: The hemoglobin was 88 per cent (Sahli). 
The red blood cells numbered 4.300,000. .-Another hemo- 
globin determination one week before death was 96 per 
cent (Sahli). The leukocjTes were 13,500, on another 
occasion 12,500; the neutrophiles 84 per cent and the 
hanphoev-tes 16 per cent. The total leukocyte count one 
week before death had decreased to 7,800. The blood 
platelets were 200,000 per cu. mm. The coagulation time 
of blood obtained by ear lobe puncture was 1 minutes ; 
the bleeding time was 5 minutes. The capillarj' resist- 
ance test was strongl}- positive. The icterus index 
shortly after admission to the hospital was 140 units. 
The Van den Bergh reaction was of the biphasic prompt, 
direct type. Five days before death the icterus index 
was 110 units. The blood Wassermann and Kahn reac- 
tions were negative. The urine was acid in reaction, the 
specific gravity varj-ing from 1.017 to 1.023. The Gmelin 
test for bilirubin was strongly positive. The urobilino- 
gen in the urine was increased in amount, on one occasion 
being 4.3 mgm. per day, a week later 27.4 mgm. per day. 
The method used was a modification of one previously 
described by the writer (13). The upper limit of normal 
with this method is believed to be 1.5 mgm. per day. 
Over a four day period at about the time of the second 
urine urobilinogen estimation, the average daily e.xcretion 
of urobilinogen in the feces was found to be 33 mgm. 
The normal range is from 100 to 250 mgm. per day. 
using the method just mentioned. These findings indi- 
cated an incomplete obstruction to the outflow of bile, 
and considerable diffuse liver injury. The stools did not 
contain demonstrable occult blood by the benzidine test. 

Necropsy .revealed advanced cirrhosis of the liver. 
The liver weighed 1125 grams, was quite firm and exhib- 
ited diffuse fine lobulation. The spleen weighed 300 
grams. Microscopically a marked portal cirrhosis was 
■‘^cen in the liver, characterized by very marked fibrosis, 
moderate lymphocytic infiltration, and extensive bile duct 
proliferation in the portal spaces. Many of the bile 
ducts were dilated and filled with bile, as though definite 
ob.structinn existed distal to them. The liver parenchjma 
of the central portion of the lobules appeared to be quite 
normal. No necro.sis was seen and fatty metamorpho^i- 
was relatively small in amount. Nothing from an ana- 
tomical standpiint served to distinguish this from an 
ordinary advanced portal cirrhosis. 

The method used for the isolation of the copropirpby- 
rm was .a mcKlification of that employed by H. Fischer 
and Duesberg (51. ILadi 24-honr urine ‘.ample tor .an 
eight day peril k 1 was strongly acidified with gl.aci.il acetic 
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acid in a 5 liter separatory funnel, and shaken with (4 to 
^2 its volume of ether. (Care was observed at first dur- 
ing this shaking, because of the large amounts of CO- 
liberated on acidification.) Emulsions were broken by 
addition of small amounts of alcohol. It was occasion- 
ally necessary to resort to filtration after shaking witii 
talc. The ether was repeatedly washed with distilled 
HsO and was next extracted a number of times with 
small amounts of 2 per cent HG. This 2 per cent HCl 
from each 24-hour urine was united, and extracted re- 
peatedly with chloroform, which removed urobilin and 
mesobiliviolin (14) as well as most of a small amount 
of chloroform soluble porphyrin which was present. It 
was then diluted ten times (to 0.2 per cent HCD and 
again extracted with chloroform. This completed the 
removal of the chloroform soluble porphyrin. This por- 
phyrin was probably protoporphvain since on later frac- 
tionation it was found to leave 2 per cent HCl for 
chloroform. Nevertheless, its absorption spectrum did 
not correspond entirely with that of protoporphjTrn. but 
the amount was much too small to permit further puri- 
fication, so that its identity remained doubtful. The re- 
maining aqueous solution was made ne-gative to Congo 
paper by addition of an e.xces5 of solid sodium acetate. 
Twenty to 25 cc. more of gladal acetic acid were also 
added. Repeated ether extraction was then carried out. 
The ether was united, washed with water repeatedly, and 
the coproporphyrin e.xtracted with 2 per cent HCl. Af- 
ter nearly neutralizing with 10 per cent NaOH. it was 
again taken into ether. 2se.xt it was quantitatively re- 
moved from the ether with 10 per cent NaOH. This 
was allowed to stand over night, but the sodium salt was 
entirely soluble, as H. Fischer and Kirrmann (15) have 
shown to be true of coproporphyrin, but not of the 
porphvTins more closely related to hemin. such as pro- 
toporphyrin. or dcuteroporphyrin. Upon makung this 
NaOH solution barely acid with 10 per cent HCl. th.e 
coproporphyrin was again taken into ether, and tlie 2 
per cent HCl-cther fractionation was once more re- 
peated. The final ether solution was dried over anhv- 
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obtained by allowing it to stand dissolved in 25 per cent 
HCl over night, sufficient sodium acetate was added to 
make the solution negative to congo paper, and the free 
porphyrin was taken into ether. This acetic and ether 
solution served for a spectrometric study of the porphy- 
rin. For this purpose a Zeiss grating comparison spec- 
trometer was employed. 

In the above described separation of the porphyrins, a 
more complete fractionation was effected by continuing 
the extractions until the absence or extreme faintness of 
the red fluorescence in ultra-violet light, of the porphyrin 
being extracted, indicated that the extraction was com- 
plete. This red fluorescence persists long after the por- 
phyrin color and absorption spectrum has ceased to be 
visible. As a source of ultra-violet light, a small Leitz 
hand arc lamp was used, a copper sulfate solution being 
employed to filter out a considerable part of the light of 
longer wave length. 

RESULTS 

The crystals of the porphyrin ester obtained 
have the appearance shown in Figure 1. The 

i 
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Fig. 1. Crystals of the Porphyrin Ester from the 

Urine. 

methyl ester of coproporphyrin I crystallizes char- 
acteristically in this form, i.e., thread like needles ; 
while the crystals of coproporphyrin III methyl 
ester, as recently compared by H. Fischer and 
Duesberg (5), are less needle like, having the 
form of broader prisms. The porphyrin ester 
isolated in the above procedure, after three re- 
ciystallizations from chloroform-methyl alcohol, 
melted at 241 to 243° C. Coproporphyrin I 
methyl ester (for which the writer is indebted to 
Professor FT. Fischer) melted at 245 to 246° C. 
a\ mixture showed no significant depression of 
point, tvltich ,vas 243 to 245- C. The 
.tbsorp'tion speclniin of tlie acetic and ether solit- 


tion of the free porphyrin was as follows: I, 
625.4 m,a to 621.4, maximum 623.5 niji, II, very 
faint, maximum 596.8 m/A, III, 569.0 m/^ to 567.1, 
maximum 568.2 m/x, IV, 532.8 m,u to 524.2, maxi- 
mum 529.1 m,u, V, 505.2 m,a to 488.1, maximum 
495.1 nijU. The order of intensit}’' was: V, IV, I, 
III, II. This solution exhibited identical absorp- 
tion with that of a similarly prepared solution of 
coproporphyrin I, the spectra of the two solutions 
being superimposed in the comparison spectro- 
meter. 

DISCUSSION 

There was no suggestion in the behavior or 
appearance of the patient’s er 34 hroc 3 des, during 
life, of bone marrow irritation. Judging 63 '^ Weir 
and Comfort’s (17) recent review of the reported 
cases of cincophen poisoning, anemia or other 
evidence of marrow affection is extremel 3 '' rare. 
There is little reason, therefore, to assume that 
this increase of coproporphyrin in the urine oc- 
curred because of increased formation in the mar- 
row such as is the case in congenital porphyrinuria 
and pernicious anemia (H. Fischer, H. Hilmer ct 
al. (IS)). Rather than derived from excessive 
formation in the marrow it was believed that the 
porphyrin isolated was the normal coproporphyrin 
of the urine, increased because of the damaged ex- 
cretory power of the liver. Van den Bergh (19) 
has recentl 3 ^ discussed the retention of copropor- 
ph 3 U'in in the blood serum in obstructive jaundice. 
He obtained experimental evidence to suggest that 
the coproporphyrin of the bile is formed in the 
liver. According to this, one would expect rela- 
tivel 3 ' large amounts of urinaiy coproporph 3 'rin in 
simple obstructive jaundice, and smaller amounts 
or none in jaundice due to liver disease. This 
was apparently not true in the present case, since 
there was, of course, advanced liver disease. 
Nevertheless, the damage was fairl 3 ^ well limited 
to the periphery of the lobules, and there was 
obviously a definite biliaiy obstruction. In three 
cases of common duct obstruction due to stone, 
the urine was found to contain definite, but only 
moderate increases of coproporphyrin, very much 
less in amount than in the case of cincophen cir- 
rhosis. On the other hand, the urine from a 
patient who later died of hepatic insufficiency due 
to advanced hepar lobatnm contained no trace of 
either copro- or ain' other jiorpin'rin. 
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SUMMARY 

A porphyrin has been isolated from the urine 
of a patient with cirrhosis of the liver, the latter 
probably caused b}' cincophen. So far as can be 
determined this is the first report of the isolation 
of a porphyrin from the urine of a patient suffer- 
ing from jaundice, or liver disease. It is believed 
to be the normal coproporphyrin of the urine, in- 
creased in amount because of damaged excretory 
power of the liver. It has been positively identi- 
fied b\' virtue of ester melting point and spectro- 
scopic character as coproporphyrin I. 
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obtained by allowing it to stand dissolved in 25 per cent 
HCl over night, sufficient sodium acetate was added to 
make the solution negative to Congo paper, and the free 
porphyrin was taken into ether. This acetic and ether 
solution served for a spectrometric study of the porphy- 
rin. For this purpose a Zeiss grating comparison spec- 
trometer was employed. 

In the above described separation of the porphyrins, a 
more complete fractionation was effected by continuing 
the extractions until the absence or extreme faintness of 
the red fluorescence in ultra-violet light, of the porphyrin 
being extracted, indicated that the extraction was com- 
plete. This red fluorescence persists long after the por- 
phyrin color and absorption spectrum has ceased to be 
visible. As a source of ultra-violet light, a small Leitz 
hand arc lamp was used, a copper sulfate solution being 
employed to filter out a considerable part of the light of 
longer wave length. 

RESULTS 

The ciystals of the porph3u-in ester obtained 
have the appearance shown in Figure 1, The 
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Fig. 1. Crystals of the Porphyrin Ester from the 

Urine. 

methyl ester of coproporphyrin I crystallizes char- 
acteristically in this form, i.e., thread like needles ; 
while the crystals of coproporphyrin III methyl 
ester, as recently compared by H. Fischer and 
Dttesberg- (5), are less needle like, having the 
form of broader prisms. The porphyrin ester 
isolated in the above procedure, after three re- 
crystallizations from chloroform-methyl alcohol, 
melted at 241 to 243° C. Coproporphyrin I 
methyl ester (for which the writer is indebted to 
Professor FI. Fischer) melted at 245 to 246° C. 
A mixture showed no significant depression of 
melting point, which was 243 to 245° C. The 
absorpHon spectrum of the acetic and ether solu- 


tion of the free porphyrin was as follows: I, 
625.4 m^ to 621.4, maximum 623.5 m/x, II, very 
faint, maximum 596.8 wju, III, 569.0 lu/x to 567.1, 
maximum 568.2 m/i, IV, 532.8 m,w to 524.2, maxi- 
mum 529.1 ni/x, V, 505.2 ni/i to 488.1, maximum 
495.1 m/x. The order of intensit}^ was: V, IV, I, 
III, II. This solution exhibited identical absorp- 
tion with that of a similarly prepared solution of 
coproporphyrin I, the spectra of the two solutions 
being superimposed in the comparison spectro- 
meter. 

DISCUSSION 

There was no suggestion in the behavior or 
appearance of the patient’s erythrocytes, during 
life, of bone marrow irritation. Judging by Weir 
and Comfort’s (17) recent review of the reported 
cases of cincophen poisoning, anemia or other 
evidence of marrow affection is extremel}'^ rare. 
There is little reason, therefore, to assume that 
this increase of coproporphyrin in the urine oc- 
curred because of increased formation in the mar- 
row such as is the case in congenital porphyrinuria 
and pernicious anemia (H. Fischer, H. Hilmer cf 
al. (18)). Rather than derived from excessive 
formation in the marrow it was believed that the 
porphjndn isolated was the normal coproporpbyrin 
of the urine, increased because of the damaged ex- 
cretory power of the liver. Van den Bergh (19) 
has recently discussed the retention of copropor- 
phyrin in the blood serum in obstructii^e jaundice. 
He obtained experimental evidence to suggest that 
the coproporpbyrin of the bile is formed in the 
liver. According to this, one would expect rcla- 
tivel}'- large amounts of urinary coproporpbyrin in 
simple obstructive jaundice, and smaller amounts 
or none in jaundice due to liver disease. This 
was apparently not true in the present case, since 
there was, of course, advanced liver disease. 
Nevertheless, the damage u^as fairly well limited 
to the periphery of the lobules, and there uas 
obviously a definite biliary obstruction. In three 
cases of common duct obstruction due to stone, 
the urine was found to contain definite, but only 
moderate increases of cojiroporphyrin, \ci\ much 
less in amount than in the case of cincophen cir- 
rhosis. On the other hand, the urine from a 
patient who later died of hepatic insufficiency due 
to advanced hepar lobatum contained no trace ol 
cither copro- or any other porplu rin. 



NATURALLY OCCURRING PORPHYRINS. I. 


109 


SUMMARY 

A porphyrin has been isolated from the urine 
of a patient with cirrliosis of the liver, the latter 
probably caused by cincopben. So far as can be 
determined this is the first report of the isolation 
of a porphyrin from the urine of a patient suffer- 
ing from jaundice, or liver disease. It is believed 
to be the normal coproporphyrin of the urine, in- 
creased in amount because of damaged excretory 
power of the liver. It has been positively identi- 
fied by virtue of ester melting point and spectro- 
scopic character as coproporphyrin I. 
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Van den Bergh (19) has recentl}'- obtained ex- 
perimental evidence to suggest that coproporph}^- 
rfn may be formed in the liver from protopor- 
phyrin. Having a short time previously described 
the regular occurrence of protoporphyrin in hu- 
man erythrocytes (20) he pointed out the possi- 
bility that the coproporphyrin of human bile may 
have its origin in this way, i.e., protoporph 3 n-in 
liberated from the red blood cells and transformed 
into coprojiorphyrin in the liver. The protopor- 
ph 3 n-in of the erythroc 3 des has as 3 ^et received 
relatively little study. Van den Bergh’s observa- 
tion as to its occurrence has been confirmed b 3 ^ 
Kiimmerer (10), and by Schreus (21). It has 
been assumed by Van den Bergh to correspond to 
aetioporphyrin HI, in other words, to be related 
either to the formation or destruction of hemo- 
globin. Mention has been made in part I of the 
dualism of the porph 3 u-ins which H. Fischer has 
shown to exist in nature. A most complete re- 
Auew of this subject in its relation to ph 3 ^siology 
and medicine will be found in Kammerer’s pres- 
entation (10) befoi'e the German Congress of 
Internal Medicine in 1933. 

If the coproporphyrin in the bile comes from 
the protoporphyrin of the erythrocytes, a con- 
siderable increase in its amount in both bile and 
feces might be expected during a period of in- 
creased blood destruction. Furthermore, if the 
protoporphyrin giving rise to coproporphyrin in 
the liver, does correspond to aetioporphyrin III, 
then the increased coproporphyrin excreted should 
be coproporph 3 ’rin HI. For this reason the 
writer has examined the feces as to porph^-rin 
content in five cases of congenital hemoh'tic jaun- 
dice. One of these was of particular interest 
since the patient was under ol)servation during a 
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so-called hemolytic crisis. The porph 3 n'in excre- 
tion in the feces during this period was actualh’ 
greatty increased. In the following, particular 
emphasis will be given to the description of the 
porph 3 U'ins isolated from the feces of this case. 

Because of Boas’ (22) recent description of 
the occurrence of protoporph 3 n-in in the urine and 
his suggestion that it might be found in urines of 
individuals having increased blood destruction, the 
urine from this case was also carefn]l 3 '^ examined 
as to porphyrin content. Giwther (12), later H. 
Fischer and Zerweck (9), and R. Duesberg (23) 
examined the urine in cases of hemol 3 'tic jaundice 
without being able to demonstrate any increase in 
porphyrin content. 

material and methods 

Cose ]. Male, aged 22. The patient stated 
that he had never been strong and that for inau}^ 
years he had been subject to attacks of short dura- 
tion characterized by nausea, vomiting, and fever. 
In the past three 3 ^ears jaundice had been noted 
repeatedh^ and anemia had been at times severe 
enough to require transfusion. The patient’s 
jnother believed that jaundice and anemia had 
been present in earl 3 ' childhood. Tlie patient was 
first examined on November 21, 1933. At this 
time jaundice was moderate, and there appeared 
to be some anemia. He complained of weakness 
and tiredness; the mouth temperature was ele- 
vated to 99.4° F. The spleen was markcdl}' en- 
larged, reaching to about the level of the umbili- 
cus. Its consistency was firm. The hemoglobin 
percentage on this date was 54 (Sahli). fhe 
er 3 ’■throc^’tcs were 2.5/0,000; leukoc 3 'tes vere 
normal. Stained smears of the blood revcaltri 
marked anisocytosis with many hyperchromatic 
microevtes. The reticulated er 3 throc 3 tcs vcre 
37 per cent. The icterus index was 20. The 
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Van den Bergh reaction ivas of the indirect type. 
Resistance of the patient’s errlhrocrTes to hypo- 
tonic saline ivas as follows; hemolysis began at 
0.66 per cent, was complete at 0.44 per cent. 
Hemolysis of control erythrocytes began at 0.44 
per cent, was complete at 0.34 per cent. Xone 
of the members of the patient's immediate family, 
including his parents and several brothers, gave 
any history of jaundice, nor was the spleen pal- 
pable in any. Xevertheless, the erythrocytes from 
the father and one brother were tested as to fra- 
gility with interesting result. Father's erythro- 
cytes : hemolysis began at 0.42 per cent and was 
complete at 0.34 per cent. Hemolysis of the 
brother's erythrocytes began at 0.54 per cent and 
was complete at 0.38 per cent. Control : Hemoly- 
sis began at 0.44 per cent, was complete at 0.32 
per cent. The urobilinogen excretion in the feces 
was estimated over a four dav period. Xovember 
21 to Xovember 25. The average daily amount 
was 1140 mgm. The normal range with the 
method (13) used is from 100 to 250 mgm. per 
day. Preparatory to splenectomy the patient was 
given a transfusion of 600 cc. of citrated blood on 
Xovember 26. It should be stated that even be- 
fore the transfusion the patient complained of 
weakness and anorexia and the temperature was 
elevated to 100° F. There was no immediate re- 
action to transfusion. On the following day the 
patient felt much worse, the temperature rose to 
103°, nausea, restlessness, and apprehension were 
noted. The jaundice had increased. On Xo- 
'*^'^ber 29 the icterus index had increased to 32. 
the hemoglobin percentage had decreased to 45 
(Sahli). The average dailv excretion of uro- 
bilinogen in the feces from Xovember 28 to De- 
cember 2 was 1220 mgm. It was believed that 
the patient was suffering from a hemolytic crisis, 
and that the transfusion rather than having been 
ot aid bad perhaps precipitated this increase of 
blood destruction. Following this temporary 
marked increase of jaundice and anemia, improve- 
ment was rapid. The tein]ierature was nonnal 
l^'^ceniber 1 and the patient felt much better. 
After three days he was allowed to go home and 
letiiriicd on December 12. .At this time he had 
miproved remarkably. The icterus index was 
“0. jaundice definitely diminished. The liemo- 
sloliiii percentage was now 78 (Sahli). and the 
‘^r.vtbrocytes were 4.200.000 per c.mni. The 


reticulocyles had decreased to 9 per cent. Sple- 
nectomy was done by Dr. O. H. Wangensteen. 
The spleen weighed 1720 grams. The capsule 
was smooth, the external surface was dark red. 
the consistency finn. The cut section was dark 
red. and it was apparent that the pulp contained 
a large amount of blood. Microscopic sections 
exhibited the usual appearance of spleens from 
cases of familial hemolytic icterus, i.e.. narrow 
sinuses, the splenic pulp crowded with erythro- 
cytes. Relatively little iron was demonstrable 
with the Berlin blue reaction. The spleen was 
not examined as to porphyrin content. This had 
previously been done in a similar instance (24) 
with negative result. 

The collection of feces from which porphyrins 
were isolated covered two periods. Xovember 21 
to Xovember 25, and Xovember 28 to December 
2. eight days in all. The moist feces for this 
period weighed 920 grams. Twenty grams were 
used in the quantitative urobilinogen estimations. 
One gram of tbe mixed collection was used for 
a benzidine test for occult blood, which was nega- 
tive. 


All of the remainder was thoroughly ground 
in a large mortar with gladal acetic acid. This 
mixture was repeatedly extracted with relatively 
larger amounts of ether, in the same way as re- 
cently described (25) for the isolation of crystal- 
line stercobilin from feces. The acetic ether ex- 
tract was filtered and the ether largelv removed 
by vacuum distillation. The remaining acetic acid 
solution was poured into 6 volumes of 2 per cent 
HCl. with thorough mixing. After standing over 
night this was filtered, and the filtrate in a five 
liter separatory funnel was covered with approxi- 
mately dOO cc. of ether. Solid sodium acetate 
was now added in sufficient amount to make the 
aqueous fraction negative to Congo paper. Tiie 
two fractions were thoroughly shakc-n immediately 
after each addition of sodium acetate. After 
making tlie solution Congo negative, it v.-as shaken 


uuL iuur more times 


\\un smaller amounts oi 
et ler. The entire ether solution, containing ail 
of the ixinibyrins. a considerable proportion of 
the copromesobilidolin (26). and a relativelv 
small proportion of tbe stercobilin. was wa-hed 
repeatedly with distilled water, which remo-.er! 
most of the latter. Tlie ixirpbvrins .and tlie 
copromesobiliviohn were removed by reiieated ex- 
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traction with 2 per cent HCl. The coproineso- 
biliviolin was removed from this by repeated ex- 
traction with chloroform. The porphyrins, with 
the exception of protoporphyrin, remain in the 
2 per cent HCl. 

The 2 per cent HCl solution was diluted with 
distilled water to 0.2 per cent. Following this 
dilution chloroform extraction was again resorted 
to. H. Fischer (27) was able to show that copro- 
porphyrin may be separated from deuteroporphy- 
rin by repeatedly extracting a 0.2 per cent HCl 
solution of the two porphju-ins with chloroform. 
Only the deuteroporphyrin goes into the chloro- 
form. This method was carried out by the writer 
(24) in isolating deuteroporphyrin HI from the 
feces. 

The chloroform solution had a wine red color 
and exhibited intense red fluorescence in ultra- 
violet light, indicating a considerable iiorphyrin 
content. It was shaken repeatedly in a separatoiy 
funnel with 10 per cent NaOH, the porphyrin 
leaving the chloroform quantitatively as a diffl- 
cultly soluble sodium salt. On standing over 
night, most of this came out of solution. It was 
collected on a filter paper, washed with a very 
little 10 per cent NaOH, and then redissolved in 
10 per cent HCl. It was then taken into ether 
b}’’ repeated extraction, the HCl being almost neu- 
tralized by the gradual addition of 10 per cent 
NaOH. The ether solution Avas dried over an- 
hydrous sodium sulphate, filtered and evaporated 
to dryness on the water bath, Tlie partially ciys- 
talline residue AA’^as dissoh^ed in metlyl alcohol 
saturated in the cold with dry HCl gas. The 
purified ester was crystallized out of chloroform- 
methyl alcohol. All of these procedures were 
carried out in accordance Avith H. Fischer’s (4, 
16) methods. After three recrystallizations, the 
yield Avas approximately 7 mgm. As Avill be seen 
beloAV, this Avas found to be a hitherto undescribed 
porphyrin. 

The porphyrin remaining in the 0.2 per cent 
HCl Avas taken into ether after making the solu- 
tion negative to congo paper by the addition of 
sodium acetate and more strongly acid by the 
addition of glacial acetic acid. After Avashing the 
ether several times Avith distilled Avater. the por- 
phyrin Avas extracted Avith 10 per cent NaOH. 
Tlie sodium salt of this porphyrin Avas soluble. 
The solution was filtered and the porphyrin taken 


into ether by barely acidifying AAuth 10 per cent 
HCl and shaking in a separatory funnel. The 
ether Avas Avashed AAu’th Avater and the porph)n-in 
quantitatively extracted Avith 1 per cent HCl. 
This fractionation : ether — 1 per cent HCl— ether 
Avas repeated, just neutralizing the acid each time 
by dropping in 10 per cent NaOH. The ether 
AA^as dried oA^er anhydrous sodium sulphate. 
Upon concentrating it to a very small volume on 
the AA^ater bath, the free porphyrin crystallized in 
fine needles. The small amount of solution AA'as 
filtered and all of the crystalline material includ- 
ing that on the Avails of the round bottomed flask 
was esterified as described above. The ester crys- 
tallized readily from chloroform-methyl alcohol. 
The yield Avas approximatel}'^ 6 mgm. As Avill be 
described beloAV this Avas found to be the methyl 
ester of coproporphyrin I. 

For the purpose of spectroscopic study small 
amounts of the esters Avere saponified by standing 
OA'er night in 25 per cent HCl. This Avas made 
negative to congo paper, and the free porphyrins 
extracted with ether. Measurements of absorp- 
tion spectra AA'-ere made AAOth the aid of a Zeiss 
grating comparison spectrometer. Comparisons 
of spectra of knoAvn and neAAdy isolated porphy- 
rins Avere made by superimposing the spectra of 
acetic and ether solutions of the Iaa'-o in this ap- 
paratus. In this AA^ay it is possible to make cer- 
tain of very small dififerences in position of ab- 
sorption bands. These differences are often too 
small to be recognized Avith a hand spectroscope. 

Coproporj)hyrin Avas demonstrated in the urine 
of Case 1 by emplo3dng the acetic and ether ex- 
traction method as used for the isolation of copro- 
porphyrin I from the urine, described in Part I. 
The amount obtained from a 24-hour urine sam- 
ple AA'as too small to color more than faintly the 
final solution in 2 per cent HCl, 20 cc. in volume. 
This, hoAA'eA'er, e.xhibited a fairly intense red flu- 
orescence in ultra- A’iolet light. The amount of 
porphyrin Avas too small to permit of spectroscopic 
identification. It Avas ether soluble and did not 
leave 0.2 per cent HCl for chloroform, character- 
istics Avhich identify it fairly avcII as a copropoi- 
phyrin. Tavo months after splenectomy feces 
from Case 1 for an eight day period of collection, 
AA'ere again examined, using the method just dt 
scribed. At this time there Avas no jaundice nor 
anemia and the patient felt very much improved. 
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Feces for eight day periods of collection from 
four other typical cases of familial hemolytic ane- 
mia were also investigated as to porphyrin con- 
tent. The method described above for isolating 
porphyrins from the feces was used in each in- 
stance. In three of the cases (3, 4, and 5). no 
complicating disease was present. In one (Case 
2), chronic ulcerative colitis had been recognized 
for two years ; during the period of collection of 
feces the patient was having from four to six 
stools per day. These at times contained traces 
of blood. In none of these four cases was there 
any evidence of a hemolytic crisis such as oc- 
curred in Case 1. In this study, no attempt has 
been made to estimate the amounts of porphyrin 
excreted, principally because no accurate and sat- 
isfactoiy method is yet available. Nevertheless, 
it was possible to gain what was believed to be a 
fairly accurate conception of amount by the 
amounts which could be isolated, as well as by 
comparisons of the intensity of color and absorp- 
tion spectrum of the final solutions from amounts 
of feces representing the same periods of collec- 
tion. The cases used for comparison will be men- 
tioned in Part III of this communication. 

RESULTS 

The methyl ester of the chloroform soluble 
porphyrin obtained from the feces of Case 1 
cristallized in flower-like aggregates of well 
formed, somewhat curved prisms (Figure 1). 
The ease of cr 3 -stallization, as well as the unity 
of the crystal form spoke against the possibility 
of a mixture. 

This ester melted sharply at 202 to 203° C. 
There was no elevation of the melting point after 
another recrystallization. The dimethyl ester of 
< euteroporphyrin III melts at 223°, that of meso- 
212°, that of hematoporphyrin at 
Fischer (2)). Itlixed melting jioint 
determinations with deuteroporphyrin III and 
I’le^oporphyrin IX ester, the latter obtained from 
leniin according to H. Fischer and Kogl’s method 
f-^). gave sharp depressions. 

The HCl number” (2) of the new porplwrin 
'a, found to be 0.8 per cent. This indicates the 
concentration of IICl which will remove 
ixirphyrin from ether. The absoqition spec- 
1 porpbvrin in ether and acetic was : 

to 621.9 111 ;/, maximum 627.4 m;t, II (ver\' 





weak) 597.2 mp. maximum. Ill 5S2.S to 566.7 m/i, 
maximum 572.4 mp, IV 536.4 to 525.0 m;i, maxi- 
mum 531.4 m^, V 506.6 to 486.4 m,u, maximum 
496.9 mp. Order of intensit}-; V, IV, III. I. II. 
-A. small amount of this porphyrin was submitted 
to Professor Hans Fischer in Munich, to whom 
the writer is most grateful for suggestions and 
advice regarding it. Professor Fischer found: 
I 628.9 m/i, maximum, II 572.3 mp, III 532.9 mp, 
IV 499.4 m/i; order of intensiri- IV, III, II. I. 
He obser\-ed that this was not characteristic either 
of hematoporphyrin or deuteroporphyrin. but 
more like a mixture of protoporphyrin and he- 
matoporphyrin. Because of this he pointed to the 
possibiliU' of a molecular combination of the two. 
Another possibiliU' which he suggested was that 
of a protoporphyrin changed to the e.xtent of 
having a molecule of water added on to one of its 
vinyl (CH = CH„) groups. Hematoporphvrin 
in concentrated sulphuric acid e.xhibits a marked 
spectroscopic change compared with the original 
substance ; deuteroporplnwin shows no change 
(2/). The writer did not obsen'e anv change in 
concentrated sulphuric acid after one hour. 
However, Professor Fischer noted a definite al- 
though slight shift of absorption after the solu- 
tion had stood for three davs. His spectroscoj/ic 
findings were: I 597.5 mu. II 552.8 rn./i. .After 
three da\’s I 596.5 ni/t. II 558.8 ntp. Deutero- 
porphyrin is readih' brominated giving dibrom- 
deuteroporphvrin with considerable change in 
spectroscopic character, while mesoixirphyrin is 
unchanged b_v bromine. The new jiorphvrin e.x- 
hibited a ver}' definite change with bromine, am! 
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the absorption was now identical with that of 
dibroindeuteroporphyrin III. The effect of bro- 
mine was observed with the free porphyrin dis- 
solved in glacial acetic acid. Deuteroporphyrins 
corresponding to aetioporphyrin I have not been 
synthesized (27), so that no reference substance 
is available to aid in determining whether the new 
porphyrin is an isomeric deuteroporphyriii, or an 
entirely new type of porphyrin. Microanalysis 
would be of great help in classifying this porphy- 
rin. To this end more material is necessary, and 
feces from more individuals exhibiting a marked 
increase of blood destruction must be studied as 
to porphyrin content. The feces from Case 1 
obtained two months after splenectomy contained 
only a trace of chloroform soluble porphyrin. 
The amount was too small to be identified spectro- 
scopically. 

In three of the four other cases studied (2, 3, 
and 4), the amounts of chloroform soluble por- 
phyrin were not sufficient for identification. 
From the feces of Case 5, however, a chloroform 
soluble porphyrin was obtained in sufficient con- 
centration to permit spectroscopic study. In ether 
and acetic the absorption spectrum was: I 630.8 
to 621.8 m/t, maximum 627.4 m/x, II 582.8 to 
567.3 mix, maximum 576.2 m/t, III 538.6 to 526.1 
m/x, maximum 533.0, IV 509.2 to 491.7 m/x, maxi- 
mum 498.3 m/x. Order of intensity; IV, III, I, 
II. Superimposed with the new porphyrin from 
Case 1, the absorption spectra were identical. 
Thus the occurrence of the newly described por- 
phyrin in the feces of another case of familial 
hemolytic jaundice, while not proven, is strongly 
suggested. 

The ester of the porphyrin remaining in 0.2 per 
cent HCl, from Case 1, crystallized in the form 
of thread like needles, characteristic of copro- 
porphyrin I ester (see Figure 1 in Part I). This 
melted at 245 to 246° C. The melting point of 
coproporphyrin I methyl ester was identical. A 
mixture gave no depression of the melting jioint. 
In acetic and ether the absorption spectrum was : 

I 625.4 to 621.4 m/x, maximum 623.5 m/x, II (very 
faint) maximum at 596.8 m/x, III 569.0 to 567.1 
m/t maximum 568.2 m/j. IV 532.8 to 524.2 in/x, 
nraximun. 529.1 nv, V 505.2 to 4SS.1 ii.axi- 
muni 495.1 111 ,.. Order of intensity: V. IV, I, 
III II. Spectroscopic identity with copropor- 


phyrin I was demonstrated, the spectra being 
superimposed. 

Roughly estimated, the per diem amount of 
coproporphyrin I excreted by Case 1, before sple- 
nectomy, was at least 20 to 30 times that normally 
observed. This was much more than was found 
in the other four cases, although the amount of 
copropoiphyrin in the feces of each of these was 
definitely greater than from normal individuals 
and individuals with secondary anemias. The 
cases used for comparison will be mentioned in 
Part III of this communication. Coproporphyrin 
I was readily isolated from the feces of Cases 3 
and 5; in the former the amount obtained after 
three recrystallizations was approximately 2 
mgm., in the latter 3 mgm. The melting points 
in each instance were identical with that of copro- 
porph 3 U‘in I, and no depression of the melting 
point of a mixture was observed. The absorption 
spectra in both instances were identical with that 
of coproporphyrin I, the spectra being superim- 
posed. The amount of porphyrin from Case 4 
was easily sufficient to permit ciystallization, and 
was at least as much as in the last two instances, 
but it was unfortunately lost during recrystalliza- 
tion. The amount from Case 2 was not enough 
to be obtained in crystalline form, although the 
intensity of color and absorption spectrum indi- 
cated considerably more porph 3 irin than usually 
noted. 

DISCUSSION 

In onl 3 x one wa 3 i would it be possible to corre- 
late the occurrence of excessive amounts of copro- 
porp!i 3 min I in the feces during heiglitened blood 
destruction with Van den Bergh's conception that 
the protoporph 3 xrin of the eiythroc 3 'tes is trans- 
formed in the liver into coproporphyrin. This 
would presuppose that this protopor])hyrin also 
corresponds to aetioporphyrin I, in other words, 
that it has no direct relation to the formation or 
destruction of hemoglobin. The only jwotopor- 
phjTin as 3 'et isolated is that whose iron chloride 
compound is ordinary hemin, whose structure cor- 
responds to aetioporphyrin III. Nevertheless, it 
is quite possible that isomeric protoporphyrins ex- 
ist in nature, and that the formation of copropor- 
phyrin I in the body ]>rocccds over a protojioridn-- 
rin of the “ I ” type. H. Fischer and Kirrman 
(15) have shown tliat protoporphyrin may be con- 
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verted to coproporphyrin by addition of formic 
acid to the two vinyl groups of the former. These 
relationsliips have been thoroughly presented by 
Fischer in various communications (1. 2, 3). 

Until the isomeric type of the new porphyrin 
can be determined, little can be said regarding its 
significance. Its characteristics classify it rather 
definitely as a closer relative of protoporphyrin 
than is coproporphyrin. If new evidence shall 
prove it to correspond to aetioporphyrin III, then 
its occurrence during heightened blood destruction 
could only be regarded as indicating biliarv' ex- 
cretion of a porph\Tin derived from hemoglobin. 
If it be found to correspond to aetioporphyrin I, 
its occurrence during increased blood destruction 
would strongly suggest that the eiythrocytes con- 
tain a protoporphj'rin corresponding to aetiopor- 
phyrin I. 

The possibility that these porphyrins were 
formed in the bone marrow, not in the liver, must 
be considered. Against this view was the very 
small amount of coproporphyrin, and the total 
absence of a chloroform soluble porphyrin, in the 
urine of Case 1. A microspectroscopic study of 
the marrow in familial hemolytic jaundice such 
as Borst and Konigsdorffer (29) have carried out 


in pernicious anemia, would serve to support or 
den}' the possibility of bone marrow formation. 

SL’jr.\rARV 

A hitherto undescribed porphyrin whose methyl 
ester melts at 202 to 203° C., having some of the 
characteristics of a deuteroporphyrin. but differ- 
ing from the deuteroporphyrins spectroscopically, 
has been isolated from the feces of a typical case 
of familial hemolrtic jaundice, suffering from a 
hemoh'tic crisis " at the time the feces were col- 
lected, This porphyrin occurred in association 
with a marked increase of coproporphyrin I. In 
four other cases of the same disease the e.xcretion 
of coproporphyrin was moderately increased, anr! 
in two of these instances it was again isolated and 
shown to be coproporphyrin I. If this copropor- 
phyrin is to be related to the protoporphyrin of 
the eiythrocr-tes, as described by \'an dc-n Bergh, 
the latter would have to correspond to aetiopor- 
phyrin I. The possibility of independent forma- 
tion in the marrow erythroblasts must also be 
considered. 
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H. Fischer and Zerweek (9) were the first to 
recognize the increased urinary excretion of co- 
proporphyrin in cases of pernicious anemia during 
relapse. Traces of coproporph 3 a'in occur regu- 
larly in the normal urine and evidence was pre- 
sented in Part I of this communication which 
strongly suggests that the normal urine porphjn-in 
is coproporphyrin I. There is no evidence that 
this is formed in the bone marrow of the normal 
individual, rather, the studies of Borst and Kdn- 
igsdorffer (29) are against this view. Van den 
Bergh’s experimental evidence suggesting that 
coproporphyrin may be formed in the liver has 
been discussed in Part H. Recently copropor- 
phyrin has been identified in the ery throb lasts and 
megaloblasts of pernicious anemia marrow by 
Borst and Konigsdorffer (29). The reason for 
this formation of coproporphyrin in the marrow 
is unknown. Duesberg (23) has assumed it to 
be simply another evidence of reversion of the 
pernicious anemia marrow to an embryonic type, 
since the ei-ythroblasts of normal embryonic mar- 
row regularly contain coproporphyrin according 
to Borst and Konigsdorffer (29), and since co- 
proporphyrin is regularly present in meconium, 
Gar rod (11), Gunther (12), On the other hand, 
H. Fischer and Hilmer (30) were able to isolate 
coproporphyrin I from ordinary brewer's yeast, 
the amount being greatly increased after autolysis. 
It was conceivable that the marrow cells in per- 
nicious anemia were to be regarded as cells labor- 
ing under abnormal or deficient living conditions, 
the coproporphjnin being formed for an unknown 
function in the same way tliat the yeast cell forms 
it under abnormal conditions. A further possi- 
bility was that the coproporphyrin excreted in 
pernicious anemia corresponded to aetioporphyrin 
III, in other words, to hemoglobin, as Grotepass 

1 Aided by a grant from research funds of the Grad- 
uate School of the University of I^Iinnesota. 


(7) has recently shown to be the case in lead 
poisoning. Definite knowledge as to the t 3 ^pe of 
coproporphyrin excreted in pernicious anemia is 
necessaiy. The amounts in the urine have been 
too small to permit of its isolation from that 
source. In 1932, the writer reported the isolation 
of a coproporplyrin from the feces of a perni- 
cious anemia patient (24). The amount was so 
small that sufficient reciystallization was not pos- 
sible; nevertheless, the ester melted at 220°, high 
enough to preclude the possibilit}^ of its being 
coproporphyrin III. In the present investigation, 
feces from normal individuals, from individuals 
suffering from secondaiy anemias, and from per- 
nicious anemia patients were investigated as to 
their porphyrin content. 

MATERIAL AND METHODS 

The method used for the isolation of the por- 
ph 3 a-ins from the feces was that described in 
Part 11. ' ; gJ 

Feces from two cases of pernicious anemia were 
iiwestigated. The clinical findings in these are 
briefl 3 '^ described as follows : 

Casa 1. Female, aged 51. The principal 
symptoms were weakness, sore tongue, and pares- 
thesias. The stomach contents did not contain 
free HCl. The hemoglobin was 31 per cent 
(Sahli), eiythroc 3 'tes 1,000,000, leukocytes 2,050, 
64 per cent Iymphoc 3 Tes. Stained smears showed 
marked macro-anisocytosis, poikilocytosis, occa- 
sional basophilic stippling and multiple nuclear 
buds. Reticulocytes 2.4 per cent. Following in- 
tramuscular liver therapy the reticulocyte count 
increased to 12.1 per cent with progressive in- 
crease of hemoglobin and erythrocytes, and 
marked improvement in condition. 

The entire amount of feces for an eight day 
period prior to liver therap}' was subjected to 
the procedure described in Part II, The patient 
was seen again ten months later. 1 he hemoglobin 
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uas now SO per cent (Sahli). the en-throcytes 
3,840,000. The feces for a like period were again 
examined in the same way as to porphyrin con- 
tent. 

Case 2. Female, aged 60. Pale yellow skin, 
weakness, and sore tongue of six months duration. 
Hemoglobin 25 per cent. eiAthrocrtes 900.000. 
reticulocites 0.5 per cent, leukocytes 2.100. 74 
per cent lymphocrdes. Marked macro-anisocyto- 
sis, and poikilocytosis. Some basophilic stippling, 
occasional normoblasts. The entire amount of 
feces for si.x days was subjected to the method of 
isolation. 

The feces from six individuals not having per- 
niaous anemia were examined in the same way 
tor the sake of comparison. Two were normal 
male adults. The collection of feces from both 
of these covered an eight day period. The other 
four were hospital patients. One had a high 
grade anemia secondain* to a bleeding duodenal 
ulcer. The collection of feces from this case 
covered a period of nine da\'s. Two of the pa- 
tients had macrocrlic anemias, one in association 
with cirrhosis of the liver, the other with tubercu- 
lous lymphadenitis and probable tuberculosis of 
the spleen. The feces from the former were col- 
lected for six days, those of the latter for eight. 
One patient had the typical symptoms and find- 
ings of chronic idiopathic hypochromic anemia, 
including sore tongue, dysphagia, hypochlorhy- 
dria, koilonychia, and color index 0.54. The pe- 
riod of collection of feces was eight days. All 
these individuals were on a general diet with ex- 
ception of the patient with the bleeding ulcer, who 
received only milk. 

Spectroscopic studies were made with a Zeiss 
-spectrometer of grating type with a comparison 
prism permitting the absorption spectra of two 
solutions to be superimposed. For the purpo.'C of 
i^pcctroscopic study, small amounts of the esters 
of the porphyrins isolated were saponified in 25 
per cent HCI. The absorption spectra of the free 
porphyrins were then measured, both in 25 i>er 
cent HCl. and in ether and acetic solution. They 
Yerc also directly conijiared with those of known 
poqiliyrins. in the same solvents, by suiH-riinp-si- 
tion of their spectra. 


RESULTS 

Coproporphyrin I \\-as isolated in the form of 
its ciA'Stalline methyl ester from the feces of both 
of the cases of pernicious anemia. The amount 
obtained from the first case after three recrystal- 
lizations was approximately 1 mgm.. from the 
second 0.6 mgm. The melting point of that from 
the first case was 245 to 247'^ C. and from the 
second 243 to 245° C. In neither was there any 
depression of the melting point of a mixture with 
known coproporphvrin I which melted at 245 to 
246° C. 

The absorption spectrum of the porphyrin from 
the first case in ether and acetic was as follows : 
I 624.5 m/i to 620.8. maximum 623.1 mu. II maxi- 
mum 566.9 m,u. III 531.1 m,tt to 523.9. ma.xinium 
528.5 m/i, I\ 505.0 m/t to 489.0. maximum 496.2 
nip. Order of intensity: IV, I. III. II. 

The absorption spectrum of the second in ether 
and acetic was; I 624.6 mii to 621.9, maximum 
623.3 m.u. 11 faint maximum 567.8 m,u. Ill 532.4 
nip to 524.4, ma.ximum 529.1 mp. I\' 505.6 mu 
to 488.2. ma.ximum 496.4 mp. Order of inten- 
sity; IV, I, III. II. In 25 per cent HCl : I 596.4 
nip to 591.1, maximum 593.4 mp. II faint maxi- 
mum 5/3.0 mp. Ill 557.5 mp to 544.8. ma.ximum 
551.8 mp. Order of intensity: III. I. II. 

Feces from tlie first case, studied ten months 
after liver therapy had induced a remission, con- 
tained so veiy little coproporphyrin that it could 
not be obtained in crystalline form. .A chloro- 
form soluble porphyrin was present in small 
amount. This left 0.2 per cent HCI for chloro- 
fonn, and gave an insoluble sodium salt, charac- 
teristics of a deuteroporphyrin. The amount af- 
ter three recrystallizations was ajiproximately 0.3 
mgm. The ciA'stals (Figure Ij of its metlivl 
e.'tcr were like those of tlie ester of dcutcror^.r- 
phyrin III previously isolated (24). Ilo-.vcvcr. 
the melting point of the.-e cr\>tnl' was lk’,» to 
191° C. Deuterfiporjihyrin III methyl e-ter mehs 
at 221' C. A mi.xture melted at 1S6 to isp- ('. 
Surprisingly enough, the ab-orp;:M:i -;-,-c;r!;m <•: 
this j-xjrjihyrin was jiracticallv idt.t;;ical with, tlr: 
of copro;ioq)hyrin. In acetic a:;d cia r -- 
tl’.e absnq-,tion was a- fo’iows; I /.i-J'' u- , to 
022.9. ir,.a.ximum ('>23,0 lu /. Il 
t^O'>.l lup. Ill 580 S m-. t'l rf-'i.'s. ^ . -• 
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Fig. 1. Crystals of the Porphyrin Ester from the 
Feces in Case 1. 

m/A, IV 533.7 m/i to 523.6, maximum 528.9 mju., 
V 504.8 m/A to 484.9, maximum 496. 1 m/A. Order 
of intensity: V, I, IV, III, II. The spectrum was 
further compared with that of the new porphyrin 
described in Part II, and found to differ. It is 
possible that this is the same porphyrin as that 
obtained repeatedi}'' by H. Fischer and Duesberg 
(5) from the feces of rabbits. The ester melting 
point of the porphyrin described by them varied 
between 182° and 187° C. Its absorption spec- 
trum was evidently more nearl}'^ that of a deutero- 
porphyrin tlian in the present instance, and the 
authors believed it to be either an impure deutero- 
porphyrin III, or an isomer. The same may be 
true of the porphyrin described aboi^e. In the 
absence of positive identification, nothing can be 
said of its possible significance. The amounts of 
coproporphyrin from the feces of the six control 
individuals were in every instance too small to 
permit of isolation in crystalline form. The 
amount was smallest from the cases of idiopathic 
hypochromic anemia, and the secondary anemia 
with the bleeding ulcer. In the latter case consid- 
erable protoporphyrin and a small amount of deu- 
teroporphyrin were demonstrated spectroscopi- 


cally, as was to be expected following hemorrhage 
into the gastro-intestinal tract. The new porphy- 
rin described in Part II was not observed in any 
instance. 

COMMENT 

Kammerer (10) has recentl}’^ pointed out that 
because many of the common foods contain traces 
of cojMoporphyrin, conclusions based upon find- 
ing it in the feces would have to be guarded. 
There is little doubt that exogenous traces of 
coproporphyrin occur in all feces; nevertheless, 
that it was in sufficient amount in the feces of 
two pernicious anemia patients to be readil}'^ iso- 
lated in crystalline form, while this was not pos- 
sible in one of the same cases after liver had in- 
duced a remission, nor in six other control cases, 
was considered significant. Furthermore, the fact 
that only coproporphyrin I was isolated from the 
pernicious anemia cases is believed to indicate that 
the coproporphyrin which H. Fischer and Zer- 
weck (9), and Borst and Konigsdorffer (29) 
have noted in the urine and marrow in pernicious 
anemia is coproporphyrin I, whose formation 
from a cliemical standpoint has no direct relation 
to the formation or destruction of hemoglobin, but 
must be regarded as occurring because of inde- 
pendent synthesis, for reasons as yet unknown. 

SUMMARY 

Coproporph 3 'rin I has been isolated from the 
feces of two typical cases of pernicious anemia 
during relapse and has been identified by virtue 
of ester melting point and absorption spectrum. 
In one of these, studied again after liver had in- 
duced a remission, the amount was obviously de- 
creased and too small to isolate. In similar 
amounts of feces from two normal individuals, 
and four with anemias of other type, the amounts 
were too small to permit of isolation. 

BIBLIOGRAPHY 
See this issue, page 109. 
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Recently Tillett and Gamer (1) have demon- 
strated that broth cultures of hemol3'tic strepto- 
cocci of human origin rapidly liquefy the fibrin- 
dot of human plasma. Cultures of other spedes 
of bacteria obtained from human beings fail to 
exhibit this propert}'. Tillett, Edwards and 
Gamer (2) further found that the plasma clot 
from patients convalescent from acute hemoljlic 
streptococcal infections was highly resistant to 
the action of broth cultures of a human hemo- 
Ij^tic streptococcus. The observations of Tillett 
and his coworkers were confirmed by Hadfield, 
Magee and Peny (3). 

Previously, we (4, 5, 6) have studied groups 
of patients with rheumatic fever and rheumatoid 
arthritis to determine what, if any, relationship 
exists between streptococcal infection and these 
diseases. In continuing these studies, we have 
determined the resistance to fibrinolj'sis of the 
blood plasma of patients with rheumatic fever 
and rheumatoid arthritis and of control groups 
of patients. 

3IETHODS OF STUDY 

All patients were studied while in the hospital. 
The methods emplo3-ed in the determination of 
the resistance to fibrinol3'sis of blood plasma fol- 
lowed closel3' the method described b3' Tillett and 
his coworkers (1, 2). 

At weekl3' intervals 5 cc. of blood were col- 
lected. Potassium oxalate, 0.01 gram per 5 cc. 
of blood, was emplo3'ed as an anticoagulant. The 
plasma was separated b3' centrifugalization and 
vas used within t^vo hours after its withdrawal. 

A strain of the hemoh-tic streptococcus supplied 
b}' Dr. Tillett and designated as CO was em- 
ployed in all the tests. Freshly grown IS to 24- 

^ Tliis investif^tion was aided in part by a prar.t from 
tbc Proctor Fund of the Harvard Medical School for 
the Study of Qironic Diseases. 


hour cultures of this organism were grown in veal 
muscle infusion broth, adjusted to a pH of 72 . 
and containing one per cent of peptone and 0.2 
per cent of Na,HP04. 

To 0.2 cc. of fresh oxalated plasma was added 
0.8 cc. of sterile ph3-siological salt solution. To 
this 0.5 cc. of a fresh broth culture of the CO 
strain of the hemohlic streptococcus was added 
and well mixed. Then 0.25 cc. of a 0.25 per 
cent sterile solution of CaQ, was added and well 
mixed. The tubes were placed immediatel3' in 
a water bath at 37.5° C. V’ith repeated obseiwa- 
tions the times of solid coagulation and, finalh-, 
complete dissolution of the clot were recorded. 
All tests in which the plasma clot was resistant 
to dissolution after 24 hours’ incubation were arbi- 
traril3’ terminated. 

The classification of the degree of resistance of 
the plasma clot as suggested b3' Tillett, Edwards 
and Gamer (2) was followed. The highest de- 
gree of resistance shown b3' a patient’s plasma 
during the period of obser;-ation was utilized in 
the classification shown in Table I. 

RESULTS 

Determinations of the resistance to fibrinolysis 
of 520 samples of plasma from 135 individuals 
were made. Their ages varied between thirteen 
and seventy 3-ears. No correlation could be es- 
tablished between the age of the indiridual and 
the ability to develop resistance to fibrinolysis. 

The plasmas from groups of individuals with- 
out evidence of hemoh-tic streptococcal infccti'-^n 
were studied. Samples of plasma from fourteen 
apparently- normal laboratory- v.-orkers iverc if.l- 
lowed at frequent intcrv-als for several months. 
.-\ group of twenty--two patients with p-ulrr.-^r.ary- 
tubcrculosis, lobar pnetunonia, herp-es zo-ter ar-3 
lung abscess were studie-I t<n fifty--one f/ccasiar.'. 
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Fig. 1. Crystals of the Porphyrin Ester from the 
Feces in Case 1. 

ii/A, IV 533.7 m/A to 523.6, maximum 528.9 m/n, 
C 504.8 m/A to 484.9, maximum 496.1 ui/a. Order 
if intensit}^: V, I, IV, III, II. The spectrum was 
iurther compared with that of the new porphyrin 
lescribed in Part II, and found to differ. It is 
Dossible that this is the same porphyrin as that 
obtained repeatedly by H. Fischer and Duesberg 
'5) from the feces of rabbits. The ester melting 
loint of the porphyrin described by them varied 
letween 182° and 187° C. Its absorption spec- 
rum was evidently more nearly that of a deutero- 
lorphyrin than in the present instance, and the 
luthors believed it to be either an impure deutero- 
lorphyrin III, or an isomer. The same may be 
rue of the porphyrin described above. In the 
ibsence of positive identification, nothing can be 
laid of its possible significance. The amounts of 
loproporphyrin from the feces of the six control 
ndividuals were in every instance too small to 
lermit of isolation in crystalline form. The 
imount was smallest from the cases of idiopathic 
lypochromic anemia, and the secondary anemia 
vith the bleeding ulcer. In the latter case consid- 
;rable protoporphyrin and a small amount of deu- 
eroporphyrin were demonstrated spectroscopi- 


cally, as was to be expected following hemorrhage 
into the gastro-intestinal tract. The new porphy- 
rin described in Part II was not observed in any 
instance. 

COMMENT 

Kammerer (10) has recently pointed out that 
because many of the common foods contain traces 
of coproporphyrin, conclusions based upon find- 
ing it in the feces would have to be guarded. 
There is little doubt that exogenous traces of 
coproporphyrin occur in all feces ; nevertheless, . 
that it was in sufficient amount in the feces of 
two pei-nicious anemia patients to be readily iso- 
lated in crystalline form, while this was not pos- 
sible in one of the same cases after liver had in- 
duced a remission, nor in six other control cases, 
was considered significant. Furthermore, the fact 
that only coproporphyrin I was isolated from the 
pernicious anemia cases is believed to indicate that 
the coproporphyrin which H. Fischer and Zer- 
weck (9), and Borst and Konigsdorffer (29) 
have noted in the urine and marrow in pernicious ’ 
anemia is coproporphyrin I, whose formation 
from a chemical standpoint has no direct relation 
to the formation or destruction of hemoglobin, but 
must be regarded as occurring because of inde- 
pendent synthesis, for reasons as yet unknown. 

SUMMARY 

Coproporphyrin I has been isolated from the 
feces of two typical cases of pernicious anemia 
during relapse and has been identified by virtue 
of ester melting point and absorption spectrum. 

In one of these, studied again after liver had in- 
duced a remission, the amount was obviously de- 
creased and too small to isolate. In similar 
amounts of feces from two normal individuals, 
and four with anemias of other type, the amounts 
were too small to permit of isolation. 

BIBLIOGRAPHY 
See this issue, page 109. 
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Recently Tillett and Gamer (1) have demon- 
strated that broth cultures of heraolj'tic strepto- 
cocci of human origin rapidly liquefy the fibrin- 
clot of human plasma. Cultures of other species 
of bacteria obtained from human beings fail to 
e.xhibit this propert}'. Tillett, Edwards and 
Gamer (2) further found that the plasma clot 
from patients convalescent from acute hemolj'tic 
streptococcal infections was highl}' resistant to 
the action of broth cultures of a human hemo- 
l>'tic streptococcus. The observations of Tillett 
and his coworkers were confirmed by Hadfield, 
I^Iagee and Perry (3). 

Previously, we (4, 5, 6) have studied groups 
of patients with rheumatic fever and rheumatoid 
arthritis to determine what, if any, relationship 
exists benveen streptococcal infection and these 
diseases. In continuing these studies, we have 
determined the resistance to fibrinolysis of the 
blood plasma of patients with rheumatic fever 
and rheumatoid arthritis and of control groups 
of patients. 

METHODS OF STUDY 


hour cultures of this organism were grown in veal 
muscle infusion broth, adjusted to a pH of 72 
and containing one per cent of peptone and 0.2 
per cent of Na^HPO^. 

To 0.2 cc. of fresh oxalated plasma was added 
0.8 cc. of sterile physiological salt solution. To 
this 0.5 cc. of a fresh broth culture of the CO 
strain of the hemohtic streptococcus was added 
and well mixed. Then 0.25 cc. of a 0.25 per 
cent sterile solution of CaQ, was added and weU 
mixed. The tubes were placed immediately in 
a water bath at 37.5® C. With repeated observa- 
tions the times of solid coagulation and, finally, 
complete dissolution of the clot were recorded. 
All tests in which the plasma clot was resistant 
to dissolution after 24 hours’ incubation were arbi- 
trarily terminated. 

The classification of the degree of resistance of 
the plasma dot as suggested by Tillett, Edwards 
and Garner (2) was followed. The highest de- 
gree of resistance shown by a patient's plasma 
during the period of observation was utilized in 
the classification shown in Table I. 


All patients were studied while in the hospital. 
The methods employed in the determination of 
the resistance to fibrinolysis of blood plasma fol- 
lowed closely the method described by Tillett and 
his coworkers (1, 2). 

At weekly intervals 5 cc. of blood were col- 
lected. Potassium oxalate, 0.01 gram per 5 cc. 
of blood, was employed as an anticoagulant. The 
plasma was separated by centrifugalization and 
was Used within two hours after its withdrawal. 

A strain of the hemolytic streptococcus supplied 
hy Dr. Tillett and designated as CO was em- 
ployed in all tlie tests. Freshly grown IS to 24- 

^ Tills investigation was aided in part by a gra-nt front 
the Proctor Fund of the Harvard ifcdical School for 
the Study oi Chronic Diseases. 


RESULTS 

Determinations of the resistance to fibrinolysis 
of 520 samples of plasma from 135 individuals 
were made. Their ages varied between thirteen 
and seventy years. No correlation could be es- 
tablished between the age of the individual and 
the ability to develop resistance to fibrinolysis. 

The plasmas from groups of individuals with- 
out evidence of hemolvtic streptococcal infection 
were studied. Samples of plasma from fourteen 
apparently normal laboratory workers were fol- 
lowed at frequent intervals ' for several months. 
-A group o: twenty-two patients with pulmonarv 
tuberadosis, lobar pneumonia, herpes zoster and 
lung abscess were studied on fiftv-one occariom* 
119 
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TABLE I 


Results of fibrinolytic tests with the plasma clot 



Num- 
ber of 
patients 

Num- 
ber of 
tests 

Di 

1 

Mini- 

mum 

ssolution ti 

! 

Maxi- 

mum 

! 

! 

me 

Aver- 

age 

Mammum 
resistance 
(no dis- 
solution 
in 24 
hours). 
Number 
of 

patients 

Marked 
resistance 
(dissolu- 
tion in 

8 to 24 
hours). 
Number 
of 

patients 

Definite 
resistance 
(dissolu- 
tion in 

1 to 8 
hours). 
Number 
of 

patients 

Suscepti- 
bility 
(dissolu- 
tion in 

30 to 60 
minutes). 
Number 
of 

patients 

High sus- 
ceptibility 
(dissolu- 
tion before 
30 

minutes). 

Number 

of 

patients 

Normal individuals 

14 

69 

14' i 

5° 21' : 

1° 2' 

0 

0 

8 

d 

9 

Infections not caused by 



1 








hemolytic streptococci . 

22 

51 

19' I 

24° ? 

4° 30' 

2 

0 

13 

6 

1 

Gonococcal arthritis 

6 

30 

12' i 

24° ' 

5° 47' 

9 

A 

Z ' 



Erysipelas 

25 

72 

18' 

24° 

18° IS' 

22 

0 

0 

2 

1 

1 

U 

0 

Other acute hemol 3 Tic 



i 








streptococcal infections 

16 

39 

50' 

24° 

16° 17' 

11 

2 

3 

0 

0 

Acute glomerular nephri- 











tis 

4 

13 

1“ 23' 

12° 

6° 24' 

0 

2 

2 

0 

0 

Subacute bacterial endo- 











carditis 

3 

8 

13' 

24° 

11° 38' 

2* 

f) 

A 

A 

14- 

Rheumatic fever 

34 

195 

7' 

24° 

19° 14' 

29 

2 

2 

0 

if 

1 

Rheumatoid (atrophic) 











arthritis 

11 

43 

14' 

24° 

6° 11' 

2 

0 

5 

2 

2 

Total 

135 

520 

1 

1 

\ 








* Associated with Streptococcus viridans. 
t Associated with an indifferent streptococcus. 


In addition, thirty samples of plasma from six 
patients with gonococcal arthritis were tested. 
The results of the tests of the plasma of these 
forty-two individuals are summarized in Table I. 

From time to time relatively small variations 
were noted in the time of dissolution of the plasma 
clot of normal individuals. Such fluctuations 
were probably due to variations in the concentra- 
tion of the fibrinolysin in the cultures. The em- 
ployment of samples of plasma from the same 
individual repeatedly in each set of tests served as 
a satisfactory control. It was unusual to obtain 
a result which showed more than “definite re- 
sistance ” to fibrinolysis in the control group. In 
but four, or 9.5 per cent, of the whole group of 
individuals without evidence of infection with the 
hemolytic streptococcus did any samples of plasma 
show great resistance to fibrinolysis. 

For comparison with normal individuals and 
those with rheumatic fever and rheumatoid arthri- 
tis, the effect of acute infection with the hemo- 
lytic streptococcus on the resistance to fibrinolysis 
was studied. In Table I is a summary of the 
results of seventy-two tests done on the plasma 
from sixteen patients with other acute hemolytic 
streptococcal infections such as acute tonsillitis 
and acute otitis media. 

“ Blaximum resistance ” and “ marked resist- 



Fig. 1. The Changes in the Dissolution Time of 
THE Plasma Clot of Three Patients with Ery- 
sipelas. » 


ance ” was encountered in thirty-three, or 80.5 
per cent, of these forty-one patients. Changes 
in the resistance to fibrinolysis were observed in 
many of these patients. Such changes are shown 
in Figure 1. Ten patients with eij’sipelas were 
tested whose plasma clot repeatedly remained re- 
sistant to fibrinolysis after twenty-four hours. 
In nine patients the resistance was observed to 
increase during the early period of the illness, 
later to remain undissolved after twenty-four 
hours. Three additional patients with erysipelas 
showed moderate or slight decrease in the resist- 
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ance of their plasma clot to dissolution. Similar 
obsen^ations were noted in patients with other 
hemolytic streptococcal infections. Figure 2 
shows the results of repeated studies of the resist- 
ance of the plasma of a patient with an acute 
tonsillitis. It is of interest to note that a few 
patients with undoubted infection with the hemo- 
13110 streptococcus failed to develop an enhanced 
resistance to fibrinolysis during or subsequent to 
their illness. 



Fig. 2 , The Changes in the Dissolution Time of 
THE Plasma Clot of a Patient with Acute Ton- 
siixms. 


Tests were done on four patients with acute 
glomerular nephritis associated with infection 
with hemolytic streptococci. The plasma of none 
of these patients had “ maximum resistance ” to 
fibrinol 3 -sis. 

Of the three patients with subacute bacterial 
endocarditis the plasma of two, from whose blood 
s streptococcus viridans was cultured, showed 
maximum resistance ” to fibrinol 3 ^sis. From 
the third patient an “ indifferent ” streptococcus 
was obtained; the plasma of this patient was re- 
peatedly highly susceptible to fibrinol 3 ’sis. 

One hundred and ninety^-five samples of plasma 
from thirty-four patients with undoubted active 
rheumatic fever were tested. The results of 
these tests are summarized in Table I. Seven- 
teen of the thirty-four patients gave adequate evi- 
dence for considering their illnesses as exacerba- 
tions of the rheumatic process. Tiventy -eight of 
the thirty-four patients were studied at weekly in- 
tervals for four weeks or longer. 

In twenty-nine of these patients, or S5.3 per 
^•^nt, •' maximum resistance’ ’ was encountered. 


In Figure 3 are illustrated the results obtained 
in three illustrative patients. Of these twenty'- 
nine patients, twenty were studied for periods 
■vary'ing betvv'een five and fifteen weeks. The 
samples of plasma from thirteen of the twenty- 
patients were resistant to fibrinolysis for twenty- 
four hours persistently; Cun-e Number 1 in Fig- 
ure 3 is an example of this group. Five addi- 
tional patients showed Y-ariation in the resistance 
of their plasma as is illustrated by Curve No. 2 
in Figure 3. In each of these the plasma resisted 
fibrinolysis for twenty-four hours when the pa- 
tient was first seen and later dissolution was ob- 
serY-ed Yvithin the twenty-four hour period. In 
but one patient was the earlier sample of plasma 
dissoh-ed after tYvo and one-half hours; at all sub- 
sequent tests it remained unchanged after twenty- 
four hours, as had been obsen-ed in the acute 
hemolytic streptococcal infections. 



Fig. 3 . The Ch.anges in the Dissolution Time of 
THE Pi_\sjiA Clot of Three Patients with Rheu- 
5 IATIC Fever. 


As in patients Yvath hemolytic streptococcal in- 
fections a few patients with rheumatic fever 
failed to show an enhanced resistance to fibrino- 
lysis, even when followed for several Yveeke The 
results of the tests of the plasma of one such pa- 
tient are given in Figure 3. 

EY-idence was obtained in twenty-nine of the 
thirty-four patients of infection Yvath^he hemolvtic 
streptococcus, either from a historY- of such' an 
miection from one to eight weeks prcY-ious to, or 
as a r^ult 01, bactenological studies at the time 
01 the first anti-fibrinoly-tic test. In tYvo patient^ 
Yvhose plasma showed “ma.ximum resistance ” 
and m one each of those Yvho arc classified as 
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showing “marked resistance,” “definite resist- 
ance ” and “ high susceptibility,” respectively, evi- 
dence of infection by the hemolytic streptococcus 
was lacking; there was no history or signs of 
such an infection and throat cultures did not re- 
veal hemolytic streptococci. 

In the eleven patients with active joint disease 
due to rheumatoid arthritis, forty-three samples 
of plasma were tested. The results are summar- 
ized in Table 1. Of the two patients, samples of 
whose plasma were resistant to fibrinolysis for 
twenty-four hours, one was followed during an 
attack of acute sinusitis. Before the onset of the 
sinus infection the fibrin-clot was dissolved in 
two hours; the fibrin-clot became and remained 
resistant for twenty-four hours during the six 
weeks of observation. The observation of the 
antifibrinolytic properties of the plasma of these 
eleven patients was similar to the results obtained 
in the groups of individuals without infection with 
the hemolytic streptococcus. 

COMMENTS 

From the data presented, certain deductions are 
justifiable. It is evident that the blood plasma 
of normal individuals and patients without evi- 
dence of hemolytic streptococcal infection may 
contain antifibrinolysin in varying amounts. In 
a few individuals with infections due to micro- 
organisms other than the hemolytic streptococcus, 
the resistance of the blood plasma to fibrinolysis 
may be high. In view of the observations that 
enhanced resistance to fibrinolysis may persist for 
an indeterminate time following a hemolytic 
streptococcal infection, it is possible that the pa- 
tients with a high resistance may have had a pre- 
vious hemolytic streptococcal infection some 
weeks before examination, in spite of the negative 
history. In the main, these results are in agree- 
ment with the observations of Tillett, Edwards 
and Garner (2) and Hadfield, Magee and Perry 

( 3 ). 

The blood plasma from patients with recent 
hemolytic streptococcal infections is generally 
much more resistant to fibrinolysis than that from 
control groups of patients. The variations ob- 
served are probably due to inherent differences 
in the reaction of the individual or to the varia- 
tion in the ability of the infecting organism to call 
forth antifibrinolysins in man. That there are 


differences in the various strains of hemolytic 
streptococcus, depending' upon their source and 
cultural characteristics, has been emphasized by 
Tillett (7), De Venter and Reich (8) and Had- 
field, Magee and Perry (3). Inasmuch as dif- 
ferent strains of hemolytic streptococci vary in 
their capacity to produce substances such as hemo- 
lysin and toxin, it is not surprising that they show 
differences in their fibrinolysin production. 

We believe that the antifibrinolysis is an im- 
mune response to infection by hemolytic strepto- 
cocci which are capable of producing fibrinolysin. 
The ability of these organisms to produce fibrino- 
lysis may explain in part why the hemolytic strep- 
tococcus is so invasive in character, and it most 
certainly explains the character of the exudate 
that is seen early in the course of hemolytic strep- 
tococcal infection. 

In view of the frequency with which rheumatic 
fever was preceded by infection with the hemo- 
lytic streptococcus in these cases, it was not sur- 
prising that the plasma from patients with rheu- 
matic fever showed an enhanced resistance to 
fibrinolysis. The results in this group of pa- 
tients with rheumatic fever here studied are in 
close agreement with those observed in patients 
with acute hemolytic streptococcal infection. 

The plasma of patients with active rheumatoid 
arthritis gave results in all respects similar to that 
observed in patients without hemolytic streptococ- 
cal infection. In but one patient was there evi- 
dence of active infection by the hemolytic strep- 
tococcus. It would seem that the disease process 
in the majority of these patients was not asso- 
ciated or preceded by an active hemolytic strep- 
tococcal infection. 

SUMMARY AND CONCLUSIONS 

1. The plasma of patients with proven hemo- 
l^ic streptococcal infection is more highly re- 
sistant to fibrinolysis than plasma from normal 
individuals and patients with infection caused by 
other microorganisms. 

2. The resistance to fibrinolysis of the plasma 
of patients with rheumatic fever is comparable 
to that observed in patients with erysipelas and 
other acute hemolytic streptococcal infections. 

3. Rheumatoid (atrophic) arthritis is not ac- 
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companied by an increase in the antifibrinol}'tic 
property of the plasma. 

We acknowledge our thanks to Miss Marjorie Jewell 
and Miss Eleanor Fleming for technical assistance. 
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showing “ marked resistance,” “ definite resist- 
ance ” and “ high susceptibility,” respectively, evi- 
dence of infection by the hemolytic streptococcus 
was lacking; there was no history or signs of 
such an infection and throat cultures did not re- 
veal hemolytic streptococci. 

In the eleven patients with active joint disease 
due to rheumatoid arthritis, forty-three samples 
of plasma were tested. The results are summar- 
ized in Table I. Of the two patients, samples of 
whose plasma were resistant to fibrinolysis for 
twenty-four hours, one was followed during an 
attack of acute sinusitis. Before the onset of the 
sinus infection the fibrin-clot was dissolved in 
two hours; the fibrin-clot became and remained 
resistant for twenty-four hours during the six 
weeks of observation. The observation of the 
antifibrinolytic properties of the plasma of these 
eleven patients was similar to the results obtained 
in the groups of individuals without infection with 
the hemolytic streptococcus. 

COMMENTS 

From the data presented, certain deductions are 
justifiable. It is evident that the blood plasma 
of normal individuals and patients without evi- 
dence of hemolytic streptococcal infection may 
contain antifibrinolysin in varying amounts. In 
a few individuals with infections due to micro- 
organisms other than the hemolytic streptococcus, 
the resistance of the blood plasma to fibrinolysis 
may be high. In view of the observations that 
enhanced resistance to fibrinolysis may persist for 
an indeterminate time following a hemol)^ic 
streptococcal infection, it is possible that the pa- 
tients with a high resistance may have had a pre- 
vious hemolytic streptococcal infection some 
weeks before examination, in spite of the negative 
history. In the main, these results are in agree- 
ment with the observations of Tillett, Edwards 
and Garner (2) and Hadfield, Magee and Perry 

( 3 ). 

The blood plasma from patients with recent 
hemolytic streptococcal infections is generally 
much more resistant to fibrinolysis than that from 
control groups of patients. The variations ob- 
served are probably due to inherent differences 
in the reaction of the individual or to the varia- 
tion in the ability of the infecting organism to call 
forth antifibrinolysins in man. That there are 


differences in the various strains of hemolytic 
streptococcus, depending' upon their source and 
cultural characteristics, has been emphasized by 
Tillett (7), De Venter and Reich (8) and Had- 
field, Magee and Perry (3). Inasmuch as dif- 
ferent strains of hemolytic streptococci vary in 
their capacity to produce substances such as hemo- 
lysin and toxin, it is not surprising that they show 
differences in their fibrinolysin production. 

We believe that the antifibrinolysis is an im- 
mune response to infection by hemolytic strepto- 
cocci which are capable of producing fibrinolysin. 
The ability of these organisms to produce fibrino- 
lysis may explain in part why the hemolytic strep- 
tococcus is so invasive in character, and it most 
certainly explains the character of the exudate 
that is seen early in the course of hemolytic strep- 
tococcal infection. 

In view of the frequency with which rheumatic 
fever was preceded by infection with the hemo- 
lytic streptococcus in these cases, it was not sur- 
prising that the plasma from patients with rheu- 
matic fever showed an enhanced resistance to 
fibrinolysis. The results in this group of pa- 
tients with rheumatic fever here studied are in 
close agreement with those observed in patients 
with acute hemolytic streptococcal infection. 

The plasma of patients with active rheumatoid 
arthritis gave results in all respects similar to that 
observed in patients without hemolytic streptococ- 
cal infection. In but one patient was there evi- 
dence of active infection by the hemolytic strep- 
tococcus. It would seem that the disease process 
in the majority of these patients was not asso- 
ciated or preceded by an active hemolytic strep- 
tococcal infection. 

SUMMARY AND CONCLUSIONS 

1. The plasma of patients with proven hemo- 
lytic streptococcal infection is more highly re 
sistant to fibrinolysis than plasma from normal 
individuals and patients with infection caused by 
other microorganisms. 

2. The resistance to fibrinolysis of the plasma 
of patients with rheumatic fever is compara 
to that observed in patients with erysipelas an 

other acute hemolytic streptococcal infections. 

3. Rheumatoid (atrophic) arthritis is not ac 


FIBRINOLYTIC ACTIVITY OF STREPTOCOCCUS 


123 


companied by an increase in the antifibrinol}'tic 
property of the plasma. 

We acknowledge our thanks to Miss Marjorie Jewell 
and Miss Eleanor Fleming for technical assistance. 
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For many years it has been known that blood 
plasma is capable of inhibiting the action of pro- 
teolytic ferments, and especially trypsin. The 
presence of this property of blood plasma prob- 
ably plays a part in limiting the damage to tissue 
by inflammatory exudates containing large num- 
bers of polymorphonuclear leukocytes. In view 
of the fact that blood plasma possesses anti-tryptic 
properties, it was of interest to us to determine 
whether or not similar properties could be de- 
tected in synovial fluid from patients with various 
types of arthritis. Further, we were interested 
in knowing whether these qualities of the synovial 
fluid fluctuated in various cases. In all, we stud- 
ied sixty-five samples of synovial fluid from forty- 
five cases of arthritis, including thirty cases of 
gonococcal arthritis, five cases of rheumatic fever, 
six cases of rheumatoid arthritis and four cases 
in which there was an accumulation of synovial 
fluid into a joint following injury. Inasmuch as 
the procedures differed with various experiments, 
the methods will be described with the individual 
experiments. 

The demonstration of anti-tryptic substances in 
synovial fluid 

Presetitation of data: 

The first set of experiments was designed to 


nitrogen determinations were made on all of the 
mixtures to determine the amount of protein di- 
gested. Synovial fluid alone was incubated for 
twenty-four hours and the nonprotein nitrogen 
content of this fluid together with that of the 
trypsin-casein mixture without synovial fluid 
served as controls. In all, thirty-two synovial 
fluids were examined in this way. In sixteen the 
inhibiting power of 1 cc. of synovial fluid was 
determined whereas in the remaining sixteen 
varying amounts of synovial fluid, from 0.1 to 
0.8 cc., were studied. A typical example of the 
experiment is shown in Table I, and the results 
obtained in the thirty-two cases are charted in 

TABLE I 

Example of experiment showing the effect of adding 
varying qmntities of synovial fluid to a mixture of tryp- 
sin and casein. 

Tube number 123 3 4 578 


Trypsin 1 per cent 

solution, cc 10 1 1 1 1 10 

Casein 1 per cent so- 
lution, cc SO 5 5 5 5 05 

Synovial fluid, cc. . . 0 2 0.1 0.2 0.4 0.8 0 0 

Saline solution, cc.. . 4 8 3.9 3.8 3.7 3.6 9 4 

Nonprotein nitrogen, 

mgm. per 100 cc. . . 50 8.1 65 65 82 92 IS 0 


determine whether or not synovial fluid would in- Figure 1. From this figure one may observe that 
hibit the action of trypsin when it was mixed with some samples of synovial fluid were capable of 
casein. One cubic centimeter of 1 per cent tryp- inhibiting the action of trypsin on casein solution 
sin solution was mixed with 5 cc. of 1 per cent ^nd others were not. It is seen in individual 
solution of casein, made up to a volume of 10 cc. cases that when synovial fluid inhibited the diges- 


and placed in the incubator at 37° C. for twenty- tion of casein by trypsin, the larger the amount 

A t .1. f *-1 'J 4 -Ua inn. 


four hours. At the same time, similar mixtures 
containing synovial fluid, 0.1, 0.2, 0.4 and 0.8 cc., 
respectively, were incubated for twenty-four 
hours. At the end of this period, nonprotein 

1 This investigation was aided in part by a grant from 
the Proctor Fund of the Harvard Medical School for 
the Study of Oironic Diseases. 


of synovial fluid used the greater the inhibition. 
This was probably due to the addition of larger 
amounts of anti-tryptic substances with increasing 
amounts of synovial fluid. When there was little 
or no inhibiting effect present, the amount of di- 
gestion increased when large amounts of synovial 
fluid were added to the mixture. This was prob- 
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Fig. 1. The Difference in Nonpeotein Nitrogen 
Liberated after Adding VARyiNC Amounts of Sev- 
eral Synovial Fluids to Control Tp.yfsin-Casein 
Mistuees. 

The zero line represents the nonprotein lutrogen found 
in the control trj-psin-casein mixtures. Each line repre- 
sents a particular synovial fluid. The dots at the e.x- 
treme right of the chart indicate the difference in non- 
protein nitrogen liberated above or below that of control 
trj-psin-casein mixtures, where 1 cc. of each of sixteen 
sjTioral fluids was added. 

ably due in part to the increased amount of pro- 
tein substrate contained in the synovial fluid. 

From these observations, one may conclude that 
in some samples of synovdal fluid there are sub- 
stances which are capable of inhibiting the action 
of trj-ptic ferments when added to a mixture of 
tiypsin and casein; in others they can not be 
demonstrated. In order to determine whether or 
not these properties could be removed by the ad- 
dition of chloroform to synovial fluid, as is the 
case with blood plasma (1), ten samples of S)tio- 
'■ial fluid were studied before and after they had 
been mi.xed with chloroform. One cubic centi- 
nicter of s 3 Tiovial fluid was mixed with 1 cc. of 1 
per cent solution of trv-psin and 5 cc. of 1 per cent 
casein solution, made up to a volume of 10 cc. 
■'vith normal salt solution and incubated for 
twenty-four hours at 37° C. At the same time, 
a similar amount of sjmovnal fluid, wliich had 
been mixed with equal amounts of chloroform 
and incubated for two hours at 37° C. and then 
separated, was studied in like manner. Tlic 
trv-psin-cascin mixture without svnovial fluid was 


incubated as a control. In addition, the nonpro- 
tein m’trogen of two samples of S}'noviaI fluid 
alone was determined after incubation for twenty- 
four hours. One sample was mixed with chloro- 
form and the other was not A summary of 
these experiments appears in Figure 2. It is 
plain that when chloroform was added to simowal 
fluid anti-tiyptic substances were removed inas- 
much as the digestion of the protein was always 
greater wdth S3'novial fluid which had been treated 
m'th chloroform. A typical experiment is shown 
in Table II. 



Fig. 2. The Difference in Nonpeotein Niteogen 
Liberated aftee Adding to Control Trypsi.n-Casei:.' 
MrsTUFXs 1 ca of Sevefal Synovial Fluids (B) os 
1 ca OF These Same Synovial Fluids aftee They 
Had Been E.xteacted with Chloroform (C). 

The zero line represents the nonprotein nitrogen found 
in the control trypsin-casein mixtures. 

In another series of e.xperiments, the ab!lit 3 ' of 
trypsin to digest the protein of the sv-novial fluid 
without the addition of casein was studied. In 
this wa 3 ' it was also possible to determine difter- 
ences in the anti-tiyphc activity of sviiorial fluid. 
One cubic centimeter of -tiypsin was added to 2 
cc. of svYiovial fluid and made up to a volume of 
10 cc. wnth sterile normal salt solution and incu- 
bated at 37° C. for twent 3 --four hours; t.ben non- 
protein nitrogen determinations were nutde to dis- 
cover how much protein h.id been digested. Trc 
nonprotein nitrogen content of syr.cvir.J fluid 
alone and of the tr-.-rjsin alone sem.-c-f a- contro'.,'. 
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tabu; II 

Example of experhnent showing the effect of synovial 
fluid on the digestion of a trypsin-casein mixture before 
and after removing the anti-tryptic substances from the 
synovial fluid. 


i 

Control 



Control 

Control 

Tube number 

1 

2 

3 

4 

5 

Trypsin 1 cc. 1 per cent 






solution 

+ 

+ 

+ 

0 

0 

Casein 5 cc. 1 per cent 
solution 

+ 

+ 

+ 

0 

0 

Synovial fluid, cc 

0 

1 

0 

2 

0 

Synovial fluid after chlo- 





roform, cc 

0 

0 

1 

0 

2 

Normal saline, cc 

4 

3 

3 

8 

8 

Nonprotein nitrogen af- 
ter 24 hours incuba- 





tion, mgm, per 100 cc , . 

43.5 

29.5 

67.5 

8.0 

8.0 


At the same time, synovial fluid which had been 
treated with chloroform to remove the anti-tryptic 
substances was studied in a similar fashion. An 
example of an experiment and the results are 
shown in Table III and Figure 3. 



Fig. 3. The Digestion in Mixtures of Trypsin 
WITH Synovial Fluids (F) and with the Same 
Synovial Fluids after They Had Been Extracted 
with Chloroform (.C), 

The zero line represents the sum of the nonprotein 
nitrogen in the synovial fluid alone and in the trypsin 
alone. 

Tiventy-six of the thirty-four samples of syn- 
ovial fluid completely inhibited the digestive ac- 
tion of 1 cc. of 1 per cent tr>'psin. In the other 
eight, some digestion took place indicating that 


TABLE III 

Example of experiment to determine the anti-trypiic 
action of synovial fluid when the protein of the synovial 
fluid was used as a substrate. 


Tube number 

1 

2 

3 

4 

5 

Trypsin, 1 per cent solution, cc, , . . 

1 

1 

0 

1 

0 

Synovial fluid, cc 

2 

0 

2 

0 

0 

Normal saline solution, cc 

7 

9 

8 

7 

8 

Synovial fluid after chloroform, cc, . . 

0 

0 

0 

2 

2 

Nonprotein nitrogen, mgm, per 100 
cc 

23 

15 

1 

' 8 

83 

8 



the anti-tryptic activity of these fluids was less 
than the others. When chloroform was added to 
the fluid to remove the anti-ferment substances, 
then tryptic digestion was always manifest. The 
difference in the degree of digestion in the dif- 
ferent samples of synovial fluid after they had 
been treated with chloroform was undoubtedly 
dependent upon the fact that both the substrate 
and the free ferment varied in the different 
samples. 

From the above observations, there was no 
doubt that some samples of synovial fluid contain 
substances that will inhibit the action of trypsin 
when it is incubated with casein or the protein 
of synovial fluid. It was also plain that the anti- 
tryptic substances could be removed from synovial 
fluid with chloroform. 

We then proceeded to study the various factors 
that were responsible for the variations in the 
anti-tryptic activity of the synovial fluid. 

Relation of the total number of cells in the syn- 
ovial fhdd and the anti-tryptic content 

Since polymorphonuclear leukocytes contain 
tryptic ferments and they were present in varying 
numbers in the different samples of fluid, it was 
of interest to determine whether there was any 
correlation between the number of cells in the 
synovial fluid and its anti-tryptic power. The re- 
sults of such a study, based on the thirty-two cases 
recorded in Figure 1, are summarized in Table 
IV. 

From this table, it is seen that, on the whole, 
the higher the polymorphonuclear cell count the 
greater the ferment action. In other words, the 
synovial fluids showing anti-trj’ptic activity were 
those with lower cell counts. This ivas also true 
of the cases recorded in Figure 2. In six of the 
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TABLE IV 

Comklion of antl-tryptic potency of synovial fluid and 
polymorphonuclear cell counts in 32 cases 


Total nnmber of 
poIjTaorphonudcar 
ttSls 


Cases sbo-wfng 
less digestion 
than the controls; 
anti-tryptic activity 


Cases show- 
ing more di- 
gestion titan 
the controls 


per c.nm. 


L?ss than 10^000 6 

10,10(WO.OOO 7 

20 , 100 -}- 1 


7 

2 

9 


eight cases in which the fluid showed less anti- 
tn'ptic power than the others, the cell count was 
over 25,000 per c.mm. ; whereas of the twenty-six 
fluids showing higher anti-tryptic power, only six 
had cell counts above 20,000 per c,mm. 

These observations suggested that the dimin- 
ished anti-trj’ptic action of some of the fluids was 
due to the presence of an excess amount of pro- 
teolytic ferment derived from the polymorpho- 
nuclear leukocytes. Before accepting this conclu- 
sion, however, it was necessary to determine three 
*ings: (1) the effect of adding increasing 
sniounts of trypsin to constant amounts of pio- 
tein; (2) the effect of incubating casein with syn- 
ovial fluids containing varydng numbers of leuko- 
cytes; and (3) the effect of increasing the amount 
of protein substrate when the ferment was kept 

constant 


cc. of tryTisin. Moreover, when a substrate, such 
as casein was kept constant and the ferment in- 
creased, then digestion increased with increasing 
amounts of ferment (Curve C). From these 
experiments it appears that anti-tryyitic activity 
of the synovial fluid may be overcome by an ex- 
cess of ferment 



Fig. 4. Diagraji Iieustbatiec the Digestjox of 
Proteix with Ixcfeasixg Amouxts op Ferment 
Added to a Constant Amount op Sgbstr.wes. 

A. Substrate: syno'isl fluid- 

5, Substrate: sjnovial fluid after the anti-tryptic sub- 
stances had been removed by chloroform. 

C. Substrate: Casein solution. 


Effect of increasing the amount of ferment, fl.eep- 
tug the amount of synovial fluid constant 

To determine the effect of increasing the 
umount of ferment added to a synovial fluid that 
showed anti-tryptic activity, varying amounts of 
^ J per cent solution of trypsin were added to 
0-5 cc. of synovial fluid, and the total volume was 
Riade up to 10 cc. and incubated at 37° C. for 
twenty’-four hours. As a control the same 
^mounts of ferment were added to synovial fluid 
sfter it had been treated with chloroform to re- 
uiove the anti-tryptic substances. The results of 
these two experiments were compared with those 
that were obtained when increasing amounts o 
ttypsin were added to a casein solution. The 
Curves are charted in Figure 4. There was no 
digestion of the synovial fluid protein with 3 cc. 
cv less of trypsin; however, the digestion was ob- 
rious and ma.ximal with 5 cc. (Curve A)- hen 
the anti-tryptic substances were removed "hh 
ebloroform, the digestion was maximal with 5 


Effect of incuhaiing casein zidth synovial fluids 
containing varying numhers of leukocytes 

It was necessary, then, to determine the effect 
of adding samples of synovial fluid containing 
varying numbers of leukocytes to a solution of 
casein. Two cubic centimeters of synona] fluid 
were mixed with 5 cc. of 1 per cent voI.k.v ' r 
casein and made up to a volume of IQ jo 
normal salt solution. This was incubated '/tto 
C. for twenty-four hours under conditjopj ^ 
ing sterility. As controls, synovial p,Jj 
and casein solution alone were slonc 

same time. To be certain that the ff-l' 
synovial fluid would not be inhibite-t 
tryptic substances these in a scccr-' 
removed with chloroform. In the;. -1 * 
synovial fluid which had been -‘•‘^^aratio*- 
form was added to the casein 
in the same v.-ay. The resu};,- 

ments arc summanzee! in Tai}, '• ■‘■-'C ^ 
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TABLE II 

Example of experiment showing the effect of synovial 
fluid on the digestion of a trypsin-casein mixture before 
and after removing the anti-tryptic substances from the 
synovial fluid. 



Control 



Control 

Control 

Tube number 

1 

2 

3 

4 

5 

Trypsin 1 cc. 1 per cent 






solution 

+ 

+ 

+ 

0 

0 

Casein 5 cc. 1 per cent 
solution 

+ 

+ 

+ 

0 

0 

Synovial fluid, cc 

0 

1 

0 

2 

0 

Synovial fluid after chlo- 






roform, cc 

0 

0 

1 

0 

2 

Normal saline, cc 

4 

3 

3 

8 

8 

Nonprotein nitrogen af- 
ter 24 hours incuba- 






tion, mgm. per 100 cc. .\ 

43.5 

29.S 

67.5 

8.0 

8.0 


At the same time, synovial fluid which had been 
treated with chloroform to remove the anti-tryptic 
substances was studied in a similar fashion. An 
example of an experiment and the results are 
shown in Table III and Figure 3. 



Fig. 3. The Digestion in Mixtures of Trypsin 
WITH Synovial Fluids (F) and with the Same 
Synovial Fluids after They Had Been Extracted 
WITH Chloroform (C). 

The zero line represents the sum of the nonprotein 
nitrogen in the synovial fluid alone and in the trypsin 

alone. 

Twenty-six of the thirty-four samples of syn- 
nvial fluid completely inhibited the digestive ac- 
ta of 1 CC. of 1 per cent trypsin. In the other 
eight, some digestion took place indicating that 


table hi 

Example of experiment to determine the anti-tryptic 
action of synovial fluid when the protein of the synovial 
fluid was used as a substrate. 


Tube number 

I 

1 

2 

3 

4 

5 

Trypsin, 1 per cent solution, cc. . . . 

1 

1 

0 

1 

0 

Synovial fluid, cc 

2 

0 

2 

0 

0 

Normal saline solution, cc 

7 

9 

8 

7 

8 

Synovial fluid after chloroform, cc. . . 

0 

0 

0 

2 

2 

Nonprotein nitrogen, mgm. per 100 
cc 

23 

15 

8 

83 

1 

8 

1 



the anti-tryptic activity of these fluids was less 
than the others. When chloroform was added to 
the fluid to remove the anti-ferment substances, 
then tryptic digestion was always manifest. The 
difference in the degree of digestion in the dif- 
ferent samples of synovial fluid after they had 
been treated with chloroform was undoubtedly 
dependent upon the fact that both the substrate 
and the free ferment varied in the different 
samples. 

From the above observations, there was no 
doubt that some samples of synovial fluid contain 
substances that will inhibit the action of trypsin 
when it is incubated with casein or the protein 
of synovial fluid. It was also plain that the anti- 
tryptic substances could be removed from synovial 
fluid with chloroform. 

We then proceeded to study the various factors 
that were responsible for the variations in the 
anti-tryptic activity of the synovial fluid. 


Relation of the total mnnber of cells m the syn- 
ovial fluid and the anti-tryptic content 
Since polymorphonuclear leukocytes contain 
tryptic ferments and they were present in varying 
numbers in the different samples of fluid, it was 
of interest to determine whether there was any 
correlation between the number of cells in the 
synovial fluid and its anti-tryptic power. The re- 
sults of such a study, based on the thirty-two^ses 
recorded in Figure 1, are summarized in Table 


From this table, it is seen that, on the whole, 
e higher the polymorphonuclear cell count t e 
eater the ferment action. In other words, ^ e 
novial AukIs shoiving anti-tryptic activity \\ere 
ose with lower cell counts. This was also 
the cases recorded in Figure 2. In six of the 
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TABLE IV 

Correlation of anti-tryptic potency of synovial fluid and 
polymorphonuclear cell counts in 32 cases 


Cases shorriog Cases show- 
Total number of less digestion ing moredi- 

polymOTphonucIear ttan the controls; gestion than 

cells anti-tr>*pUc activity the controls 

pefc.mm. 

Lass than 10,000 6 7 

10,100-20,000 7 2 

20,100 1 9 


eight cases in which the fluid showed less anti- 
tryptic power than the others, the cell count was 
over 25,000 per c.mm. ; whereas of the twenty-six 
fluids showing higher anti-tryptic power, only six 
had cell counts above 20,000 per c.inin. 

These observations suggested that the dimin- 
ished anti-trj’ptic action of some of the fluids was 
due to the presence of an excess amount of pro- 
teolj'tic ferment derived from the polymorpho- 
nuclear leukocytes. Before accepting this conclu- 
sion, however, it was necessary to determine three 
things: (1) the effect of adding increasing 
amounts of trypsin to constant amounts of pro- 
tein ; (2) the effect of incubating casein with s}ti- 
ovial fluids containing varying numbers of leuko- 
cj^tes; and (3) the effect of increasing the amount 
of protein substrate when the ferment was kept 
constant. 

Effect of increasing the amount of ferment, keep- 
ing the amount of synovial fluid constant 

To determine the effect of increasing the 
amount of ferment added to a synovial fluid that 
showed anti -tryptic activity, varying amounts of 
, ^ J per cent solution of trypsin were added to 
cc. of sjmovial fluid, and the total volume was 
™^de Up to 10 cc. and incubated at 37° C. for 
l^entj’-four hours. As a control the same 
amounts of ferment were added to synowal fluid 
a ter it had been treated with chloroform to re- 
the anti-tiyptic substances. The results of 
cse two experiments were compared with those 
^ 1 were obtained when increasing amounts of 
^cjpsin were added to a casein solution. The 
'^ci-es are charted in Figure 4. There was no 
'Scstion of the synoiial fluid protein with 3 cc. 
less of trypsin ; however, the digestion was ob- 
arid maximal with 5 cc. (Cun'e A)- ^^Ticn 
•c anti-tryptic substances were removed with 
°‘0fonn, the digestion was maximal with 3 


cc. of trypsin. Moreover, when a substrate such 
as casein was kept constant and the ferment in- 
creased, then digestion increased with increasing 
amounts of ferment (Cuiwe C). From these 
experiments it appears that anti-tryptic activitj' 
of the sj'novial fluid may be overcome by an ex- 
cess of ferment. 



Fig. 4. Diagiiam Iixustpatixc tee Digestiox or 
Protein with Increasing Amounts or Ferment, 
Added to a Constant Amount or Suesttates. 

A. Substrate: synovial fluid. 

B. Substrate: synovial fluid after the anti-tryptic sub- 
stances bad been removed by chloroform. 

C. Substrate: Casein solution. 

Effect of incubating casein Tvifh synovial fluids 
containing varying numbers of leukocytes 

It was necessary, then, to determine the effect 
of adding samples of sj-novial fluid containing 
varying numbers of leukocvdes to a solution of 
casein. Two cubic centimeters of S}-novial fluid 
were mixed with 5 cc. of 1 per cent solution of 
casein and made up to a volume of 10 cc. with 
normal salt solution. This was incubated at 37° 
C, for twentv’-four hours under conditions insur- 
ing sterility. As controls, synovial fluid alone 
and casein solution alone were incubated at the 
same time. To be certain that the ferment in the 
sv-novial fluid would not be inhibited by the anti- 
tiyyitic substances these in ,a second series were 
removed with chlorofo.-m. In these pre-parations 
svmovial fluid which had been treated with chloro- 
form wtjS added to the casein solution .and studied 
in the same way. Tlie results of these experi- 
ments are summarized in Table X. 
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TABLE V 


Results of incuhating casein and synovial fluid containing varying nunihers of cells 


Case 

Synovial fluid. i 
Nonprotein 
nitrogen 

Casein solution 

1 per cent. 
Nonprotein nitrogen 

Synovial fluid 2 cc. and 

1 per cent casein solution. 
Nonprotein nitrogen 

Synovial fluid 2 cc. after 
treatment with chloroform 
and 1 per cent 
casein solution. 
Nonprotein nitrogen 

Total cell count 


mgm. per 100 cc. 

mgrn. per 100 cc. 

mgm. per 100 cc. 

7ngm. per 100 cc. 

per c. mm. 

1 

7.1 

0 

23.4 

22.2 1 

40,000 

2 

6.8 

0 

18.7 

15.7 1 

26;000 

3 

7.8 

0 

15.0 

12.5 

2o;ooo 

4 

7.1 

0 

21.0 

20.0 

24,000 

5 

10.0 

0 

32.9 

29.4 

22,000 

6 

6.8 

0 

9.1 

8.8 

10,000 

7 

10.0 

0 

i 13.4 

13.0 

2,500 

8 

7.7 

0 

8.6 

8.6 

7,500 

9 

7.1 

0 

10.0 

10.0 

12,000 

10 

6.0 

0 

8.3 

8.0 

12,000 

11 

! 6.2 

0 

6.5 

9.0 

10,500 

12 

6.9 

0 

9.3 

9.0 

12,000 


It is manifest that the samples of synovial fluid 
placed in the upper part of Table V were capable 
of digesting casein. In the others, the evidence 
that the digestion took place was slight or lacking. 
When the results of digestion were correlated 
with the total cell count it was found that the 
cases showing digestion of the casein were those 
with higher total cell counts, whereas those show- 
ing little or no digestion contained fewer cells. 
It would appear, then, that the presence of large 
numbers of cells in synovial fluid increases the 
content of proteolytic ferment and in that way is 
responsible for increased digestion of the pi'otein. 
That the lack of digestion of the protein in some 
samples of synovial fluid was not due entirely to 
the presence of excess amounts of anti-tryptic 
substances is borne out by the very slight change 
in digestion after removing them with chloroform. 

Effect of increasing the protein substrate with a 
constant amount of ferment 

In the experiment in which increasing amounts 
of synovial fluid were added to trypsin and casein, 
the protein substrate was obviously increased 
(Figure 1). It was necessary, therefore, to 
study the effect of adding increasing amounts of 
synovial fluid to a constant amount of ferment. 
One cubic centimeter of a 1 per cent solution of 
trypsin was added to varjdng amounts of synovial 
fluid and incubated for twenty-four hours. The 
same procedure was carried out with increasing 
amounts of synovial fluid which had been pre- 
viously incubated with chloroform to remove the 


anti-tryptic substances. The results are charted 
in Figure 5. When the anti-tryptic substances 
were removed from the synovial fluid with 



Fig. S. Diagram Illustrating the Effect of Di- 
gesting Increasing Amounts of Synowal Fluid 
Which Had Been Previously Treated with Chloro- 
form, When the Amount of Trypsin Is Kept Con- 
stant. 

1. Control observations using the seven samples of 
synovial fluid without preliminary treatment witli chloro- 

2 to 8 The amount of digestion above the controls 
after the seven sjmovial fluids had been treated witn 
chloroform to remove the anti-tryptic substances. 


















AjS'TI-TKyPTIC ACTmXY OF SYA'CVIAL FLUID 


129 


chloroform there was increased digestion with 
increasing amounts of synovial fluid. When the 
anti-tryptic substances were not removed, no di- 
gestion of the protein of the synovial fluid was 
demonstrated. These experiments showed that 
increasing the amount of synovial fluid was fol- 
lowed by increased digestion of the protein only 
if the anti-tryptic substances had first been re- 
moved. 

Comparison of anti-tryptic power of blood plasma 
and synovial fluid 

In six instances both the blood plasma and syn- 
ovial fluid from the same patient were studied to 
compare their anti-tryptic power. The procedure 
was the same as when the anti-tryptic substances 
were studied in synovial fluid namely by adding 
trypsin before and after treatment w'ith chloro- 
form. The results are charted in Figure 6. Both 
the blood plasma and synovial fluid in 2 cc. 
amounts -were capable of completely inhibiting the 
action of 1 cc. of 1 per cent trypsin solution. 
When chloroform was added to the blood plasma 
or to the synovial fluid the trypsin-inhibiting sub- 



Fic. 6. Diagram Coiiparixc Axn-TRVPnc Coxtex- 
0? Blood Plasma axd Sexovial Fluid from Six Pa- 
uexts. 

A. Control for each case. Zero line represents the 
sum of nonprotcin nitrogen in the components of each 
lest measured separately. 

B. The amount of digestion after incubation of sj-n- 
ovial fluid and trypsin. 

C. The amount of digestion of blood plasma and of 
synodal fluid after rcmoi-al of anti-tryptic substances 
from both with chloroform. Solid lines represent sjm- 
onal fluid. Interrupted lines represent blood plasma. 


stances were removed. The digestive products 
of the chloroform treated blood plasma protein 
were higher in each instance than those of the 
chloroform treated synovial flm'd from the same 
subject. This was attributed to the increased 
amount of protein substrate available in the blood 
plasma inasmuch as the protein content of the 
blood plasma was alway’s higher than that of the 
synovial fluid from the same indiAndual. 

It appears to us that the anti-tryptic substances 
in these cases at least were probably derived from 
the exudation of blood plasma into the synovial 
carityL 

DISCUSSION 

The foregoing experiments leave little doubt 
that synorial fluid from some cases of arthritis 
is capable of inhibiting tryptic digestion. When 
the anti-tryptic activity was diminished, it was 
shown that the presence of a large number of 
leukocytes which contain tryptic ferments was 
responsible, in part at least, for this reduced anti- 
tryptic actirity. This relation was found regard- 
less of the tyyie of arthritis studied. It is not un- 
reasonable to beb'eve that these anti-tryptic sub- 
stances are derived from the blood plasma, when 
due consideration is given to the obseiwations 
comparing the anti-tiyptic activity' of blood plasma 
and synorial fluid from the same individuals. 

It wnuld appear, then, that when there is an 
exudation of fluid into the synovial cavities, the 
synorial fluid partially protects the tissues from 
the destruction tliat might follow the ferment ac- 
tion of destroyed leukocytes. The amount of 
demonstrable anti-ferment present would depend 
upon the amount in the blood of the individual 
but restricted by the amount of free proteoKtic 
enzyTne in the synorial fluid. It seems likelv 
that the presence of anti-tryptic substances in 
synovial fluid is one of the protective mechani=rns 
of the body to prevent destruction in anhritis 

SUJIMAP.V and COXCLUSIO.VS 

1. Synorial fluid contains substances 
capable of inhibiting tryptic digestion. 

2. When there are a l.argc number of ctl‘- 

cially polymorplionudcar leukocytes, 
s\nori.al fluid the an:i-ir\'n:ic tow/'- ; " 
reduced. 
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3. The anti -tryptic substances in synovial fluid 
can be removed by extraction with chloroform. 

4. The anti-tryptic substances in the synovial 
fluid are probably derived from the blood plasma 
as both plasma and fluid contain comparable 
amounts of anti-tryptic substances. 

5. One of the properties of synovial fluid is to 
inhibit the tryptic ferments which are present 
in exudates. 


6. The anti-tryptic power of synovial fluid can 
be counterbalanced by adding an excess of fer- 
ment. 
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seems that when the total cell count was low di- 
gestion of cartilage did not occur, and that this 
failure to digest was probably due to a lack of 
"sufficient ferment or to the presence of anti- 
ferment in the fluid. 

Fenneiit-inhibitiug action of synovial fluid 

We next studied the ferment-inhibiting action 
of s}Tio\ual fluid when cartilage was used as a 
substrate and trj'psin, instead of leukocjlic auto- 


In all, fifty-four samples of S3'novial fluid from 
foity'-five cases of arthritis were studied in this 
wa}'. The}' included twenty-three cases of gono- 
coccal arthritis, ten cases of rheumatic fever, 
seven cases of rheumatoid arthritis, three cases 
of traumatic arthritis and one each of tuberculous 
and streptococcal arthritis. The results are sum- 
marized in column A of Figure 2. It •n’as found 
that 0.1 cc. of a 1 per cent solution of tn-psin was 
capable of digesting the amount of cartilage used. 


TABLE m 

Example of experiment testing inhibiting action of synodal fluid 


Tabe nninber * 

1 

2 

3 

4 


6 

7 

8 

9 

10 

II 

Ccr 

12 

itrol 

lo 


15 

Synovial fluid, cc 

0.1 

IS 

0.1 

iwl 

loti 

0.1 

0.1 

0.1 

0.1 

0 

0 

0 

0 

0 

0 

Buffer solution, cc 

0.8 

mKm 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

Trypsin, 1 per cent solution, cc 

0.1 


0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0 

0.1 

0.2 

0.3 

0.4 

OJ 

Digestion of cartilage 

0 

0 

0 

0 

0 

t 

-f 

-U 

"f" 

0 

H 

H 

H 

H 

m 


* Each tube contained a piece of cartilage of equal size. 


lysate, was employed as the ferment. This was 
done because the action of tr}'psin was more 
prompt than that of leukocytic autolysate. 

MATERIALS AND METHODS 
Small rings of cartilage of approximately equal 
size were obtained from the trachea of rabbits. 
These were placed in test tubes with 0.1 cc. of 
svTiovial fluid from various patients with arthritis. 
To these tubes 1 per cent solution of tiypsin was 
added in amounts vaiying from 0.1 to 0.9 cc. 
The volume of all the mixtures was made up to 
1 cc. with standard buffer solution of pH 8 and 
placed in the water bath at 56° C. for twenty-four 
hours. As controls, trypsin in varying amounts 
was added to the cartilage without the synorial 
fluid, and cartilage in buffer solution without tryp- 
sin was incubated for a similar length of time. 
The amount of trypsin inhibited by 0.1 ccl of 
S}Tiovial fluid was determined from the tube con- 
taining the largest amount of trypsin showing no 
digestion of the cartilage. An example of an 
experiment is summarized in Table III. In this 
ease, 0.1 cc. of s}'norial fluid inliibited the diges- 
tive activity of 0.5 cc. of tr}'psin, %vhereas in the 
control 0.1 cc. of tiypsin was capable of producing 
complete digestion of the cartilage. 


so that it was obrious that s}T 2 orial fluid was capa- 
ble of inhibiting tryptic digestion of cartilage. 


oa 

0.7 

>• 

cc 

^ OS 

w 

o 

OA 

o 

02 

az 


Fic. 2. Di.KGR.KV. Illusttati.vc rnc Aiin-nrmc .Ac- 
TTviTv 07 SyKO'.7 .\L Flvid axd Elood Pi,^sjr.i V.'nr.'.' 
C.KP.m.KGR Was Used as a Sltsw.'.tz. 

Each dot represents the amount of trj-p:;n inh:b:te-J hr 
0.1 cc. of s>TiOria! flm'd or blood pTasma. 

A. Samples of sjmovial fluid f.-cm. panentt .nrthri- 
tis. 


B. Blood plasmui from p.-.t;cnt.< with erthriti'. 

C. Blood plasma frem patients wit-hout arthriti'. 


Tiiat the anti-tr^rptic activity o: 
fluid was not reduced by bacteria, st 
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TABLE I 


Results of incubating leukocytic autolysate and cartilage at 56° C. 



pH 

4 


pH 

6 

pH 

7 

pH 

8 


Leukocytic autolysate, cc 

2 

2 

2 

2 

2 

0 

Digestion 4 days 

0 

0 

0 

0 

0 

0 

“ 6 “ 

0 

0 

+ + 

+ + 

+ +++ 

0 

" 10 “ 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

' ++ + -F 

0 


+ + Incomplete digestion 
+ + + + Complete digestion. 


Results of incubating leukocytic autolysate and cartilage at 37° C. 



pH 

pH 

pH 

pH 

pH 



4 

5 

6 

7 

8 


Leukoc 3 d;ic autolysate, cc 

2 

2 

2 

2 

2 

0 

Digestion 4 days 

0 

0 

0 

0 

0 

0 

" 6 “ 

0 

0 

0 

0 

0 

0 

" 10 “ 

0 

0 

0 

0 

0 

0 


Figure 1, indicate that some digestion of cartilage 
by leukocytic autolysate took place at 37° C. 
though niuch less than at 56° C. 


PER 



Fig. 1. Chart Illustrating the Amount of Diges- 
tion OF Cartilage by Leukocytic Autolysate, at pH 
6, 7 AND 8 at 37° C. AND 56° C. 

*1 Control at 37° C. 2. Leukocytic autolysate from 
staphylococcus exudate at 37° C. 3. Leukocytic auto- 
lysate from pneumococcus exudate at 37° C. 4. Control 
at 56° C. 5. Same as 2 at 56° C. 6. Same as 3 at 56° C. 


The effect of synovial fluid on the digestion of 
cartilage 

Since leukocytic autolysate was found to con- 
tain ferments that tvere capable of digesting ^rti- 
la»e we determined whether synovial fluid re- 


moved from patients with arthritis was capable of 
digesting cartilage or plated coagulated blood se- 
rum. The results of the study of twelve cases are 
recorded in Table II. Digestion of the cartilage 


TABLE II 

Digestion of plated blood serum and of cartilage by 
synovial fluid 


Case 

num- 

ber 

Type of arthritis 

Cells 

per 

c. mm. 

Digestion 
of plated 
blood 
serum 

Digestion of 
cartilage 

37" C. 

56° C. 

37° C. 

56° C. 

1 

Gonococcal 

9,750 

0 

0 

0 

0 

2 

fl 

7,850 

0 

0 

0 

0 

3 

II 

10,000 

0 

0 

0 

0 

4 

11 

12,200 

0 

0 

0 

0 

5 

II 

12,250 

0 

0 

0 

0 

6 

11 

21,000 

0 

0 

0 

0 

7 

II 

15,650 

0 

0 

0 

0 

. 8 

Tuberculous 

6,650 

0 

0 

0 

0 

9 

II 

11,600 

0 

0 

0 

0 

10 

II 

6,500 

0 

0 

0 

0 

11 

Staphylococcal 

110,000 

+ 

+ 

=h 

++++ 

12 

Staphylococcal 

240,000 

+ 

+ 

± 

++++ 


was not observed in seven samples of synovial 
fluid from gonococcal arthritis or in three samples 
from tuberculous arthritis. In the two cases of 
staphylococcal arthritis, in which there were large 
numbers of polymorphonuclear leukocytes, diges- 
tion was apparent. From these experiments it 
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seems that when the total cell count was low di- 
gestion of cartilage did not occur, and that this 
failure to digest was probably due to a lack of 
sufficient ferment or to the presence of anti- 
ferment in the fluid. 

Ferment-inhibiting action of synovial fluid 

We next studied the ferment-inhibiting action 
of s}Tiovial fluid when cartilage was used as a 
substrate and tiypsin, instead of leukocjlic auto- 


In all, fiftj'-four samples of s}’novial fluid from 
forty'-five cases of arthritis were studied in this 
way. They included twenty-three cases of gono- 
coccal arthritis, ten cases of rheumatic fever, 
seven cases of rheumatoid arthritis, three cases 
of traumatic arthritis and one each of tuberculous 
and streptococcal arthritis. The results are sum- 
marized in column A of Figure 2. It was found 
that 0.1 cc. of a 1 per cent solution of trypsin ■n'as 
capable of digesting the amoimt of cartilage used. 


TABLE m 

Example of experiment testing inhibiting action of synomal fluid 


Tut)e number* 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

Coe 

Ltrol 

13 

14 

15 

Synovial fluid, cc 

0.1 

in 

0.1 

0.1 


0.1 

0.1 

0.1 

0.1 

0 

0 

0 

0 

0 

0 

Buffer solution, cc 

EO 

0.7 

0.6 

0.5 


0.3 

0.2 

O.I 

0 

1.0 

0.9 

o.s 

0.7 

0.6 

0.5 

Trypsin, 1 per cent solution, cc 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

m 

0.8 

0.9 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

Digestion of cartilage 1 

0 

0 

1 

0 

0 

0 

+ 

t 

“f 

r 

0 

-U 

I 

H 

D 

B 


* Each tube contained a piece of cartilage of equal size. 


lysate, was employed as the ferment. This was 
done because the action of trj'psin was more 
prompt than that of leukocytic autolysate. 

MATERIALS AND METHODS 

Small rings of cartilage of approximately equal 
size were obtained from the trachea of rabbits. 
These were placed in test tubes with 0.1 cc. of 
synovial fluid from various patients with arthritis. 
To these tubes 1 per cent solution of trypsin was 
added in amounts varying from 0.1 to 0.9 cc. 
The volume of all the mixtures was made up to 
1 cc. with standard buffer solution of pH S and 
placed in the water bath at 56° C. for twenty'-four 
hours. As controls, trypsin in varying amounts 
was added to the cartilage without the synovial 
fluid, and cartilage in buffer solution without tryp- 
sin was incubated for a similar length of time. 
The amount of trypsin inhibited by 0.1 cc. of 
synovial fluid was determined from the tube con- 
taining the largest amount of trypsin showing no 
digestion of the cartilage. An e.xample of an 
c-xperiment is summarized in Table III. In this 
case, 0.1 cc. of synovial fluid inlubited the diges- 
tive activity of 0.5 cc. of trypsin, whereas in the 
control 0.1 cc. of trypsin was capable of producing 
complete digestion of the cartilage. 


so that it was obvious that synovial fluid was capa- 
ble of inhibiting tryptic digestion of cartilage. 
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0.2 


Fic. 2. Di.vca.vit Illustp.vtixc Triz Axn-Tzvrnc .Ac- 
TivTrv or Svj.'ovi.vL Fluid axd Blccd Pl-vsii.*. W ' jir :: 
Cartilags; Was Uezd as a Sueetzate. 

Each dot represents the amount of trj-psir, inh-hite-J hv 
0.1 cc. of sv-novlal fluid or blood plasma. 

A. Samples of sjr.ovlal fluid frem. patients ••vitl; ar..hri- 
tis. 

D. Blood plasma from patients with arthriti'. 

C. Blood plasmta frem. patients without a.-tl;ri:i'. 

That ti’.e a.nti-trypt!C activltv c: tittt .'■vttnv;:..' 
fluid was no: reduced by bacteria, such a-’ i."::; 
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lytic streptococci, growing in it was shown by the 
following experiments. Hemol3^ic streptococci 
were added in large numbers to twelve samples 
of synovial fluid and grown at a temperature of 
37° C. for twenty-four hours; then the synovial 
fluid was added to the trypsin and cartilage as in 
the previous experiments. The results were the 
same for infected as for non-infected fluids. 


constructed to demonstrate the lack of correlation 
between the total cell count and the anti-tryptic 
activity. At first glance, these observations seem 
to be in conflict with our previous experiments 
mentioned above and they require comment. 
From the experiments summarized in Table II, 
there could be no doubt that synovial fluid con- 
taining large numbers of leukocytes ( 1 10,000 and 


TABLE IV 


Comparison of inhibitory action of infected and 
non-infected synovial fluid 


Number 

of 

cases 


1 

8 

2 

1 

12 


Amount of 
trypsin inhibited by 
0.1 cc. of synovial fluid 

cc. 

0.5 

0.6 

0.7 

0.8 


Amount of trypsin 
inhibited by 0.1 cc. of 
infected synovial fluid 

cc. 

0.5 

0.6 

0.7 

0.8 


Comparison of anti-tryptic activity of blood 
plasma and synovial fluid 

It would be surprising if the synovial fluid and 
the blood plasma did not contain similar amounts 
of anti-tryptic activity, since synovial fluid is an 
exudation of blood plasma together with a collec- 
tion of leukocytes derived from the circulating 
blood, and cells and mucin derived from the syno- 
vial membrane itself. To compare the ability of 
the blood plasma to inhibit the digestion of carti- 
lage with that of synovial fluid, forty-five samples 
of blood plasma were studied in the same way as 
the synovial fluid. The results are charted in 
Figure 2. The ability of blood plasma to inhibit 
the digestive action of trypsin when cartilage was 
used as a substrate was the same as that of syno- 
vial fluid, and the variations in the anti-tryptic 
substances of the blood plasma in patients without 
arthritis were as great as those with disease of 
the joints. 


Relation of cell count of synovial fluid to 
anti-tryptic activity 

In the experiments (1) in which the anti-tryptic 
activity of synovial fluid was studied, using casern 
or theVotein of the synovial fluid as a substrate, 
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C.C. OF TRYPSIH 

Fig. 3. Diagram Showing the Variation of the 
Anti-tryptic Activity and the Total Number of 
Leukocytes in the Synovial Fluid. 

Each dot represents the number of leukocytes in 1 
c.mm. of synovial fluid and the amount of trypsin the 
S3movial fluid was capable of inhibiting when cartilage 
was used as a substrate. 

240,000) per cubic centimeter was capable of di- 
gesting cartilage, whereas those with few leuko- 
cytes were not. In the experiments recorded in 
Figure 3 there were no samples of synovial fluid 
containing more than 60,000 leukocytes per cubic 
centimeter and most of them were under 20,000 
per cubic centimeter. It seems reasonable to as- 
sume, then, that the ferment derived from the 
leukocytes in the cases studied was not sufficient 
to enhance the action of the trypsin or decrease 
the anti-tryptic activity of the synovial fluid which 
might occur independent of the leukocyte count. 
It appears, therefore, that cartilage may be pro- 
tected from the activity of tryptic ferments even 
in the presence of large numbers of leukocytes. 
When they become excessive, however, the fer- 
ment action predominates and cartilage is de- 
stroyed. There was no correlation between the 
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tj-pe of arthritis and the anti-tryptic content of 
the sjTiovial fluid in our cases. 

DISCUSSION 

From these obser\'ations one may conclude that 
sjmorial fluid exhibits as much anti-tiyptic ac- 
tivity as blood plasma, and that the anti-ferment 
of synovial fluid is most likely acquired from the 
blood plasma by exudation of fluid into the joint 
cavity. Moreover, since anti-tryptic substances 
were not destroyed by bacteria but were shown 
to be less active in the presence of an excess of 
ferment or leukocytic autolysate, it seems rea- 
sonable to postulate that when exudates occur in 
joints the extent of the damage will depend in part 
upon the excess of ferment over anti-ferment, 

Phemister (3) has pointed out that purulent 
exudates containing polymorphonuclear cells in 
abundance are capable of digesting small pieces 
of cartilage and he attributes this to proteoljTic 
ferments from the cells. He showed further 
that exudates obtained from tuberculous lesions 
were incapable of digesting cartilage. This he 
attributed to a lack of proteoljTic ferment from 
cells which he reported were predominately mono- 
c>les and lymphocytes. From his observations 
and from the fact that purulent exudation into 
joints is often follow'ed by" destruction of carti- 
lage, and from the evidence that tuberculous in- 
fection is followed by less digestion of cartilage 
than occurs in other types of arthritis, Phemister 
concluded that the type of cellular response was 
important in deciding whether or not extensive 
destruction of cartilage will take place. Our ob- 
servations are in complete agreement with his. 
It is necessary', however, to take into consideration 


the presence of anti-tryptic substances as well as 
the presence of ferments in any given case. We 
feel that one of the reasons that destruction takes 
place in one case of acute joint infection and not 
in all cases of the same kind is that only in some 
cases are anti-ferment substances not in excess 
of the ferments. This anti-tryptic actirity, when 
it is present, limits the destruction of tissue; it 
can, however, be overcome by a great excess of 
ferment. 

SUIIVIARY AND CONCLUSIONS 

1. Symorial fluid from patients with arthritis 
of various types inhibits, in the test tube, the di- 
gestion of cartilage. 

2. This property' is not destroyed by growing 
hemolytic streptococci in the synovial fluid. 

3. Leukocytic autolysates digest cartilage in 
vitro, especially' at 56° C. This action can be 
inhibited by synorial fluid. 

4. The presence of large amounts of anti- 
tryptic substances in synovial fluid probably pre- 
vents or limits the destruction of cartilage by the 
enzymes liberated in purulent e.xudates. 
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lytic streptococci, growing in it was shown by the 
following experiments. Hemolytic streptococci 
were added in large numbers to twelve samples 
of synovial fluid and grown at a temperature of 
37° C. for twenty-four hours; then the synovial 
fluid was added to the trypsin and cartilage as in 
the previous experiments. The results were the 
same for infected as for non-infected fluids. 


constructed to demonstrate the lack of correlation 
between the total cell count and the anti-tryptic 
activity. At first glance, these observations seem 
to be in conflict with our previous experiments 
mentioned above and they require comment. 
From the experiments summarized in Table II, 
there could be no doubt that synovial fluid con- 
taining large numbers of leukocytes (110,000 and 


TABLE IV 

Comparison of inhibitory action of infected and 
non-infected synovial fluid 

Number Amount of Amount of trypsin 

of trypsin inhibited by inhibited by 0.1 cc. of 

cases 0.1 cc. of synovial fluid infected synovial fluid 

cc. cc. 

1 0.5 0.5 

8 0.6 0.6 

2 0.7 0.7 

1 0.8 0.8 

12 


Comparison of anti-tryptic activity of hlood 
plasma and synovial fluid 

It would be surprising if the synovial fluid and 
the blood plasma did not contain similar amounts 
of anti-tryptic activity, since synovial fluid is an 
exudation of blood plasma together with a collec- 
tion of leukocytes derived from the circulating 
blood, and cells and mucin derived from the syno- 
vial membrane itself. To compare the ability of 
the blood plasma to inhibit the digestion of carti- 
lage with that of synovial fluid, forty-five samples 
of blood plasma were studied in the same way as 
the synovial fluid. The results are charted in 
Figure 2. The ability of blood plasma to inhibit 
the digestive action of trypsin when cartilage was 
used as a substrate was the same as that of syno- 
vial fluid, and the variations in the anti-tryptic 
substances of the blood plasma in patients without 
arthritis were as great as those with disease of 
the joints. 


Relation of cell count of synovial fluid to 
anti-tryptic activity 

In the experiments (1) in which the anti-tryptic 
activity of synovial fluid was studied, using casein 
or the protein of the synovial fluid as a substrate, 
it was found that it was more common to have 
diminislied anti-tryptfc activity when the fluid con- 
*"ned large numbers of leukocytes than when they 
were present in small numbers. Figure 3 was 
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Fig. 3. Diagram Showing the Variation of the 
Anti-tryptic Activity and the Total Number of 
Leukocytes in the Synovial Fluid. 

Each dot represents the number of leukocytes in 1 
c.mm. of synovial fluid and the amount of trypsin the 
synovial fluid was capable of inhibiting when cartilage 
was used as a substrate. 


240,000) per cubic centimeter was capable of di- 
gesting cartilage, whereas those with few leuko- 
cytes were not. In the experiments recorded in 
Figure 3 there were no samples of synovial fluid 
containing more than 60,000 leukocytes per cubic 
centimeter and most of them were under 20,000 
per cubic centimeter. It seems reasonable to as- 
sume, then, that the ferment derived from the 
leukocytes in the cases studied was not sufficient 
to enhance the action of the trypsin or decrease 
the anti-tryptic activity of the synovial fluid which 
might occur independent of the leukocyte count. 
It appears, therefore, that cartilage may be pro- 
tected from the activity of tryptic ferments even 
in the presence of large numbers of leukocytes. 
When they become excessive, however, the fer- 
ment action predominates and cartilage is de- 
stroyed. There was no correlation between the 
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t}-pe of arthritis and the anti-tryptic content of 
the sjTiovial fluid in our cases. 

DISCUSSION 

From these obsen-ations one may conclude that 
S3Tiovial fluid exhibits as much anti-tiy-ptic ac- 
tirit)' as blood plasma, and that the anti-ferment 
of synorial fluid is most likely acquired from the 
blood plasma by exudation of fluid into the joint 
carat}’. Moreover, since anti-trj'ptic substances 
■were not destro3'ed b}’' bacteria but were shown 
to be less active in the presence of an excess of 
ferment or leiflcoc3’tic autol3’sate, it seems rea- 
sonable to postulate that when exudates occur in 
joints the extent of the damage wall depend in part 
upon the excess of ferment over anti-ferment. 

Phemister ( 3 ) has pointed out that purulent 
exudates containing pol3’morphonuclear cells in 
abundance are capable of digesting small pieces 
of cartilage and he attributes this to proteol3’tic 
ferments from the cells. He showed further 
that exudates obtained from tuberculous lesions 
were incapable of digesting cartilage. This he 
attributed to a lack of proteol3'tic ferment from 
cells which he reported were predominate!}' mono- 
C3tes and i3’mphocytes. From his obseiwations 
and from the fact that purulent exudation into 
joints is often followed b}' destruction of carti- 
lage, and from the evidence that tuberculous in- 
fection is followed b}’ less digestion of cartilage 
than occurs in other t3’pes of arthritis, Phemister 
concluded that the t3'pe of cellular response was 
important in deciding whether or not extensive 
destruction of cartilage will take place. Our ob- 
servations are in complete agreement with his. 
It is necessar}', however, to take into consideration 


the presence of anti-trv-ptic substances as well as 
the presence of ferments in an}' given case.' We 
feel that one of the reasons that destruction takes 
place in one case of acute joint infection and not 
in all cases of the same kind is that onl}' in some 
cases are anti-ferment substances not in excess 
of the ferments. This anti-tr}’ptic acti'vit}', when 
it is present, limits the destruction of tissue; it 
can, however, be overcome b}* a great excess of 
ferment. 

SUHirAEY AND CONCLUSIONS 

1 . S}'norial fluid from patients v.dth arthritis 
of various t}'pes inhibits, in the test tube, the di- 
gestion of cartilage. 

2 . This propert}’ is not destrov’ed b}’ growing 
hemol3'tic streptococd in the s}'no\’ial fluid. 

3 . Leukocytic autolysates digest cartilage in 
ritro, espedall}' at 56 ° C. This action can be 
inhibited b}’ s}’no\-ial fliu'd. 

4 . The presence of large amounts of anti- 
tr}’ptic substances in S 3 ’novial fluid probably pre- 
vents or limits the destruction of cartilage by the 
enjymes Uberated in purulent e.xudate3. 

BIBLIOGRAPHY 

1. Holmes, \V. F., Jr., Keefer, C. S., and llj’ers, W. K., 

Anti-trj'Ptic activitj' of sjuovial fluid in patients 
with ^-arious tj-pes of arthritis. J. Qin. Invest, 
1935, 14, 124. 

2. Nye, R. N., Studies on the pneumonic exudate, V. 

The relation of pneumonic lung protease activity 
to hydrogen ion concentration, and a consideration 
of the origin of the enzvme. J. Exper Med, 1922 
35, 153. 

3. Phemister, D. E., The effect of pressure on articular 

surfaces in pyogenic and tuberculo-us arthritides 
and its bearing on treatment Ann Surg 10^4 
80, 4SI. ' '■ ' 



THE ABILITY OF NEPHRITIC PATIENTS TO DEAMINIZE AND 
FORM UREA FROM INGESTED GLYCINE 

By ESBEN kirk 

(^From the Hospital of the Rockefeller Institute for Medical Research, Nezv York) 
(Received for publication October 6, 1934) 


The regular finding in uremic coma of a marked 
increase in the amino nitrogen concentration of 
plasma and the frequent occurrence of a moderate 
elevation during the terminal stage of Bright’s 
disease have recently been reported (Kirk, 1933). 

The present study was undertaken to obtain 
further information about the amino acid metabo- 
lism in nephritis, especially during the terminal 
stage of the disease and in uremia.^ For this 
purpose determinations were made of the rate of 
deaminization of ingested amino acids, and of 
urea formation following the ingestion. 

Animal experiments of Van Slyke, Cullen and 
McLean (1915) and Bollman, Mann and Magath 
(1924), confirmed by results of Krebs and 
Henseleit (1932) with the tissue technique of 
Warburg, have led to the conclusion that the liver 


on observations of blood amino nitrogen or urea 
curves after ingestion of proteins or amino acids. 
Such curves might be expected to indicate the effi- 
ciency of the deaminizing and urea forming func- 
tions, respectively. In general such tests, applied 
almost exclusively to patients with suspected or 
obvious liver lesions, have given results of doubt- 
ful significance. This may be due to the tech- 
nique employed. Von Falkenhausen (1924) and 
Witts (1929) estimated the amino nitrogen con- 
centration of plasma at regular intervals follow- 
ing amino acid ingestion. The amino nitrogen 
determinations were, however, made by the colori- 
metric method of Folin (1922), which has later 
been found to be unsatisfactory for quantitative 
analysis of blood samples of increased amino 
nitrogen content (Van Slyke and Kirk, 1933). 


is the only important site of urea formation in the 
body. The experiments of Bollman, Mann and 
Magath (1926) indicated also that, in the dog at 
least, the liver is responsible for the deaminization 
of amino acids which precedes urea formation, as 
amino acids injected into a liverless dog could be 
recovered ' quantitatively from the tissues and 
urine of the animal many hours after the injec- 
tion. The technique of experiments with dogs 
does not, however, yield results sufficiently exact 
to exclude the possibility of a minor amount of 
deaminization in organs other than the liver, be- 
cause estimation of the amino nitrogen content of 
the entire animal at the beginning and end of an 
experiment can be only approximate. By in vitro 
experiments Krebs (1933) found that kidney as 
well as liver tissue could deaminize amino acids; 


A series of investigators (Witts, (1929), Cohen 
and Levin (1927), Theis (1928)) have attempted 
to detect abnormal urea formation by studying 
the blood urea curve following ingestion of pro- 
teins or amino acids. However, estimation of the 
urea excretion in the urine was omitted, and it 
does not appear that the blood urea curves alone 
could yield accurate estimates of the rate of urea 
formation. That normal persons after a protein 
meal sometimes show no increase in blood urea, 
but even a decrease, due to the fact that a diuresis 
may set in and wash out the urea from the body 
more rapidly than it is formed, was observed by 
Peters and Van Slyke (1931). Urea formation 
from ingested protein or amino acids can be 
quantitatively determined only by estimation of 
both the amount of urea retained in the body and 


it therefore appears possible that a minor part of 
the deaminization that occurs in vivo may be lo- 
cated in the kidneys. 

Several attempts have been made by previous 
investigators to devise liver function tests based 

1 The nomenclature for the different types and stages 
of Bright’s disease used in this paper is the sarne as em- 


the amount excreted in the urine. 

This is well illustrated by the following figures ob- 
tained in a normal person and in a nephritic patient wit 
30 per cent of kidney function. The urea formation was 
calculated in a 6-hour period after ingestion of 60 grams 
of gelatine by the method described in this paper. ^ - 
though the total urea formation is practically the same m 


nf Ttr,Vht’s disease used in this paper is the same as em- tJiougn tne rouu ^ . ^-reted 

n preXs publtations from flris Hospiml (Van U,c .rvo individuals .ha valuas for r.tamcd and caerC. 

aX Siltaan, Molkr, r. al., (1930) ; Kirk, (1933)). uroa differ erea.ly. 
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Nephritic patient vrith 



Normal 

30 per cent of kidney 



individual 

function 



mgm. 

mgm. 

Urea nitrogen 

excreted 

in 


the urine . . . 


... 2758 

1472 

Urea nitrogen 

retained 

in 


the body . . . 


... 1433 

2774 

Total urea nitrogen forma- 


tion 


... 4191 

4246 


PROCEDURE FOR ESTIMATING RATES OF DEAMINIZA- 
TION AND UREA FORMATION 

For study of the rate of deaminization and 
calculation of the urea formation from ingested 
amino acids the following test was applied to 5 
normal persons, to 3 uremic patients and to 4 pa- 
tients with marked nephrotic sjTnptoms accom- 
panying the chronic active stage of hemorrhagic 
Bright’s disease. 

Twenty-five grams of glycine, dissolved in 500 
cc. of water, were given by mouth at 9 a.m. to 
the subject, who had had nothing to eat since 
supper on the previous evening. Blood samples 
were drawn immediately before the glycine in- 
gestion, and at 10 a.m., 11 a.m., 12 noon, 1 
P-m., and 3 p.m. The plasma amino nitrogen 
concentration of all the samples was determined. 
The specimens dra'wn at 9 a.m., 12 noon and 
3 p.m., further served for urea nitrogen analyses 
of whole blood. The urine wms collected in two 
3-hour periods (9 a.m. to 12 noon, and 12 noon 
to 3 p.m.), the volumes were measured, and the 
urea nitrogen, ammonia nitrogen and amino nitro- 
gen concentrations were determined. From the 
urea analyses of blood and urine the urea forma- 
tion was calculated as the sum of the urea ex- 
creted in the urine and the increase of the urea 
content of the bod}'. The latter was estimated 
from the blood urea increase, because urea is so 
rapidly diffusible that its concentration in all the 
tissues of the body per kilo water present remains 
upproximately equal to that of the blood (iNIar- 
sball and Davis (1914), Bollman, Mann and 
Magath (1924)). Hence approximately; Total 
body urea increase = increase per liter blood X 
body weight in kilos X 0.8. The factor O.S repre- 
sents approximately the ratio of water content per 
kilo of whole body to water content per liter of 
blood. 

From the total urea nitrogen values obtained 
must be subtracted the endogenous urea nitrogen 


formation. This is determined on a subsequent 
day under similar conditions, but without inges- 
tion of glycine. In all calculations of urea forma- 
tion the urine ammonia nitrogen values were 
added to the urea nitrogen \-alues. 

ANALYTICAL METHODS 

Plasma amhw nitrogen: iManometric method 
of Van Slyke (1929) after destruction of the urea 
with urease. Urine ammo nitrogen: Northrop's 
(1926) formaldehyde titration method as applied 
to urine by Van Slyke and Klirk (1933). Blood 
urea nitrogen: Gasometric urease method, pro- 
cedure B, of Van Slyke (1927). Urine urea 
nitrogen: Gasometric urease method of Van 
Slyke (1927) for urine analyses. Urine am- 
monia nitrogen: Aeration and titration method of 
Van Slyke and Cullen (1916). 

RESLT.TS 

The plasma amino nitrogen curves obtained in 
4 normal persons and in 3 uremic patients are pre- 
sented in Figure 1. The hatched area in Figure 1 
indicates the normal range of plasma amino nitro- 
gen following ingestion of 25 grams of glydne. 
The indiridual normal amino nitrogen curves after 
absorption of the glydne showed great similarity, 
the maximum value being usually observed one 
hour after the ingestion. In the uremic patients, 
however, a much greater rise occurred,’ even in 
instances where the fasting amino nitrogen values 
were normal, probably indicating a retardation of 
the deaminization rate of the absorbed amino 
adds. Frequently the amino nitrogen values re- 
mained considerably elevated for several hours in 
the blood of the nephritic patients. 

The degree of this metabolic dysfunction is 
illustrated by the following figures: Tiie in- 
crease in plasma amino nitrogen in the norma! 
individuals after ingestion of 25 grams of glvdne 
was 5 to 7 mgm. per 100 cc, and averaged 5.8 
mgm. The highest concentration attained was 
13.9 mgm. In the uremic patients, on the otiier 
hand, the rise was 2 to 4 times as great as in tlic 

2 In cnc uremic paUenL a chHd c; 11 year*, r.a ch-.r--: 
in the aminn r.itrc_:icn ccr.ren!ra;:an r,: j!.-.'— r. ant r.'t 
mea'iirabli era fcrrr.::;c.-n cccerre-i a:;?r -rrt'l.'n r; 
20 gran-.s o: fitycir.- I: may lie; in !’ ■, 

csfc the ciycir.c v.n: r.c: alierbr-i :r<". i-.'-i;". 
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Fig. 1. Plasma Amino Nitrogen Curves after In- 
gestion OF 25 Grams of Glycine. 

Four normal subjects and three uremic patients. There 
are 3 curves each for patients M. C. and R. F., and one 
curve for G. C. 


normal persons, and the plasma amino nitrogen 
reached values as high as 43 mgm. per 100 cc. 
The cause of this marked increase does not ap- 
pear to be impaired excretion of the amino acids 
in the urine, which, under the conditions used, is 
only a minor factor in removing amino acids from 
the circulation. Even in the normal individuals 
the total excretion of amino nitrogen in the 6-hour 
period of the test constituted less than 5 per cent 
of the ingested amount. It is possible that the 
tissues of uremic patients are more nearly satu- 
rated with amino acids than the tissues of normal 
individuals, and that for this reason the glycine 
oasses less rapidly and completely from blood to 
£ .es t the «re,mc subject. Such pre-satura- 
tion of the tissues would not occur. 1— ’ 
tbp deaminizing function were previously normal. 
Therefore, even if the direct cause of the high and 
„ olonged blood amino nitrogen curve were pre- 
saturation of the tissues with ammo acids, 
Te pvSwy cause would be retarded deaminiza- 
tion. 



Fig. 2. Plasma Amino Nitrogen Curves after Inges- 
tion OF 25 Grams of Glycine. 

Four patients in the chronic active stage of hemor- 
rhagic nephritis, with the nephrosis syndrome predomi- 
nating. 

The plasma amino nitrogen curves obtained in 
4 patients with marked nephrotic syndrome ac- 
companying the chronic active stage of hemor- 
rhagic Bright’s disease are illustrated in Figure 2. 
These patients still had urea clearances above 20 
per cent of normal, and hence would not be classed 
as terminal (Van Slyke, Stillman, et al., 1930). 
The postabsorptive plasma amino nitrogen curves 
fall nearly within the area which includes the 
curves obtained in the normal individuals. 

The rates of urea mtrogen formation, following 
the ingestion of 25 grams of glycine by the same 
normal and nephritic subjects, are presented in 
Figure 3. 

Whereas the normal persons in the first 3 hours 
following the glycine feeding transformed an av- 
erage of 48 per cent of the ingested 4670 mgm. o 
amino nitrogen into urea nitrogen, a much smaller 
urea formation (9.8 and 24 per cent) was foun 
in two of the three nremk patients in the terminal 

oh the other hand, the patients in the chronic 
active stage, with symptoms chiefly nephrotic, 
formed urea at the same rate as normal subjcc s. 

It is evident that the processes by . 

sorbed amino acids are removed from ’ 
stream and transformed into urea procce a 
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Kormal Uremic ' Patients 

intlividuals patients in nephrotic stage 

' cf hemorrhagic 
Jrighl's disease 

Fig, 3. Urea Formation from 25 Grams of Ingested 

GLYaNE. 

In the first column the numbers indicate successive 
hours after the ingestion. 


normal rate until the terminal stage of nephritis 
is reached: then retardation of these processes 
frequently occurs. 


Urea synthesis from ammonia 

The retarded urea formation observed in the 
terminal stage of nephritis might be a consequence 
of delay in either deaminization of the ingested 
glycine, or in the synthesis of urea from the nitro- 
gen split off by deaminization. Considerable urea 
formation during the second 3-hour period in 
Case R. F. presented in Figure 3 would suggest 
that the retarded initial formation of urea was 
dependent on dela 3 'ed deaminization. 

^ In order to obtain more direct data on the cfh- 
cicnc\' of urea sjmthesis in uremia, experiments 
were undertaken in which material for the urea 
sjmthcsis was supplied directly as ammonia nitro- 
gen instead of in the form of amino acid nitrogen. 
Tile investigation included a stud\' of the blood 
ammonia curve in normal and uremic indi%iduals 
following ingestion of ammonium dtratc, and cal- 


culation of the urea formation. Such tests were 
performed on two of the uremic patients, who 
had been found to show abnormally high and pro- 
longed rises of plasma aim'no nitrogen after feed- 
ing of gl^'dne (G. C. and R. F.), and in one of 
•whom (R. F.) the urea formation after amino 
acid feeding was markedly reduced. 

At 9 a.m. 13.3 grams of ammonium citrate 
(containing 2950 mgm. of ammonia nitrogen) 
were given dissolved in water to the patient, who 
had been fasting since supper on the prerious 
evening.^ Blood samples for ammonia deter- 
mination were drawn immediatel}' before the in- 
gestion and at 9:30 a.m., 10 a.m., and 12 noon. 
The ammonia analj'ses were made by the method 
of Van Slj’ke and Hiller (1933), the analj’ses be- 
ing started less than 3 minutes after the blood 
samples w'ere drawn. Calculation of the urea 
formation in the 3-hour period was performed as 
described above under the glycine test. 

The results are presented in Table I. No dif- 

table I 

Blood ammonia values and urea nitrogen forrr^lion in I'so 
normal individuals, and Ivo uremic patients, follozrir.g 
ingestion of 13.3 grams of ammonium citrate 
{Z950 mgm. ammonia nitrogen) 


1 

Case 

Blood aezacaia values ! 

Urea 
nitro^ea 
forsed ia 
3 hours 

Fastins 

30 

ciautes 

after 

fcffestica 

60 

inir.utea 

^ter 

lajestica 

j 

3 houri 
after 
tajeztiou 


rrfrf* Pff 

TT.in. fer 

rtfr:. rrr 

r’.tm. frr 

rrr^. 


crr.l 

cm: 

crr.l 

crr.l 


E. K. normal.. 

0.029 

0.045 

0.060 

0.049 

1920 

J. M. normal.. 

0.033 

0.031 

0.030 

0.031 

1S47 

R. F. uremic. . 

0.040 

0.039 

0.047 

0.033 

2453 

G. C. uremic. . 

0.016 

0.022 

O.OIS 

0.016 

1750 


ference was obser\-cd beUveen the 2 normal indi- 
■\-iduals and the 2 uremic patients either in the 
fasting blood ammonia values or in the values ob- 
tained after feeding of the ammonia salt. The 
urea formation following the ammonia ingestion 
was not retarded in the uremic patients. These 
results demonstrate that the abilit}' to transform 

■•Tests of the sair; character, b-jt rat invlsl-rr. cs!- 
culaticn of the urea fomat.'on, haivc beer, rf by 

Burchi (192'j. 1927) and FuhJ (1933). in the tfndy c; 
liver patients. E-crchi’$ fimtres for faiinr 1 am- 
monia in norm.ll r>ersrns are m-ach hirher tJetn rr;':;':r 
obtained by reliable techni-pies c: ana'y-.i*. 
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normal persons, and the plasma amino nitrogen 
reached values as high as 43 mgm. per 100 cc. 
The cause of this marked increase does not ap 
pear to be impaired excretion of the amino acids 
in the urine, which, under the conditions used, is 
only a minor factor in removing amino acids from 
the circulation. Even in the normal individuals 
the total excretion of amino nitrogen in the 6-hour 
period of the test constituted less than 5 per cent 
of the ingested amount. It is possible that the 
tissues of uremic patients are more nearly satu- 
rated with amino acids than the tissues of normal 
individuals, and that for this reason the glycine 
passes less rapidly and completely from blood to 
tissues in the uremic subject. Such pre-satura- 
tion of the tissues would not occur, however, if 
the deaminizing function were previously nonnah 
Therefore, even if the direct cause of the high and 
nrolonged blood amino nitrogen curve were pre- 
Lns saturation of the tissues with annno acids, 
he primary cause would be retarded deani.mza- 



Fig. 2. Plasma Amino Nitrogen Curves after Inges- 
tion OF 25 Grams of Glycine. 


Four patients in the chronic active stage of hemor- 
rhagic nephritis, with the nephrosis syndrome predomi- 
nating. 

The plasma amino nitrogen curves obtained in 
4 patients with marked nephrotic syndrome ac- 
companying the chronic active stage of hemor- 
rhagic Bright’s disease are illustrated in Figure 2. 
These patients still had urea clearances above 20 
per cent of normal, and hence would not be classed 
as terminal (Van Slyke, Stillman, et al., 1930). 
The postabsorptive plasma amino nitrogen curves 
fall nearly within the area which includes the 
curves obtained in the normal individuals. 

The rates of urea nitrogen formation, following 
the ingestion of 25 grams of glycine by the same 
normal and nephritic subjects, are presented in 
Figure 3. 

Whereas the normal persons in the first 3 hours 
following the glycine feeding transformed an av- 
erage of 48 per cent of the ingested 4670 mgm. of 
amino nitrogen into urea nitrogen, a much smaller 
urea formation (9.8 and 24 per cent) was foun 
in two of the three uremic patients in the termina 
stage. 

On the other hand, the patients in the chronic 
active stage, with symptoms chiefly nephrotic, 
formed urea at the same rate as normal subjec 

It is evident that the processes by wine i ab- 
sorbed amino acids are removed from the bloo^ 
stream and transformed into urea proceed at . 





DEAMINIZATION IN NEPHEITTS 


139 



KoTEal Ufenie ' Patients 

individuals patients Ln nephrotic stage 

■ ot hetaorrhasic 
irighl's disease 

Fic. 3. Urea Formation from 25 Grams of Ingested 
Glycine. 

In the first column the numbers indicate successive 
hours after the ingestion. 

normal rate until the terminal stage of nephritis 
is reached: then retardation of these processes 
frequently occurs. 

Urea synthesis from ammonia 

The retarded urea formation observed in the 
terminal stage of nephritis might be a consequence 
of delay in either deaminization of the ingested 
glycine, or in the synthesis of urea from the nitro- 
gen split off by deaminization. Considerable urea 
formation during the second 3-hour period in 
Case R. F. presented in Figure 3 would suggest 
that the retarded initial formation of urea ivas 
dependent on delayed deaminization. 

^ In order to obtain more direct data on the efn- 
cienc}' of urea sjTithesis in uremia, experiments 
were undertaken in which material for the urea 
^.'Tithcsis was supplied directly as ammonia nitro- 
gen instead of in the fonn of amino acid nitrogen. 
The investigation included a study of the blood 
tinimonia curve in normal and uremic indiwduals 
following ingestion of ammonium dtrate, and cal- 


culation of the urea formation. Such tests were 
performed on two of the uremic patients, who 
had been found to show abnormally high and pro- 
longed rises of plasma amino nitrogen after feed- 
ing of glycine (G. C. and R. F.), and in one of 
whom (R. F.) the urea formation after amino 
acid feeding was markedly reduced. 

At 9 a.m. 13.3 grams of ammonium citrate 
(containing 2950 mgm. of ammonia nitrogen) 
were given dissolved in water to the patient, who 
had been fasting since supper on the preidous 
evem'ng.^ Blood samples for ammonia deter- 
mination were drawn immediately before the in- 
gestion and at 9:30 a.m., 10 a.m., and 12 noon. 
The ammonia analyses were made by the method 
of Van Slyke and Hiller (1933), the analyses be- 
ing started less than 3 minutes after the blood 
samples were drawn. Calculation of the urea 
formation in the 3-hour period was performed as 
described above under the glydne test. 

The results are presented in Table I. No dif- 

table I 

Blood cmrr.or.ia values crA urea r.ilroger. fomclior, in Iveo 
norrrxl individuals, ard Iveo uremic pctienls,folloveir.g 
ingestion of 133 grams cj ammonium ciircie 
{2P50 mgm. ammonia nitrogen) 


Case 

E’ood zmm 


Urea 

fcTtr^rl ia 
3 hours 

Fartin; j 

30 

ciautes 

after 

fcsestiea 

CO 

miaates 

. 

3 ho'trrs 
after 
inpesUen 


rtfri. ^er 

rr.tr:. ter 

fer 

r-.trz.ter 



ccr.l j 

cm: 

cm.: 

emJ 


E. K. normal.. 

0.029 

0.045 

0.050 

0.049 

1920 

J. M. normal.. 

0.033 

0.031 

0.030 

0.031 

IS47 

R. F. uremic. . 

o.oto 

0.059 

0.047 

0.033 

2453 

G. C. uremic. . 

0.016 

0.022 

0.0 IS 

0.016 

1750 


ference was obsem-ed between the 2 normal indi- 
viduals and the 2 uremic patients either in the 
fasting blood ammonia v-alues or in the values ob- 
tained after feeding of the ammonia salt. The 
urea formation following the ammonia ingestion 
was not retarded in the uremic patients. Tiiese 
results demonstrate that the ability to transform 

* Tests of the szer.v chrmeter. bet r.tt hen’ ce'.- 
culatinu of the urea forrraticr., have beer, ty 

Bercht (192.:. 1927) a.-.'l Fe’.-i (1923). ir, the V.-aty rf 
liver ralir.-tls. EerchPf r~_-re? for fr'tirr arr- 

reor.ia in n-rmal jert-ns ire mem hi.-'ier thi.-. rr-ei'i 
obtained by et'b.V.c teehr.-Tees of zre.:y:l-. 
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Fig. 1. Plasma Amino Nitrogen Curves after In- 
gestion OF 25 Grams of Glycine. 

Four normal subjects and three uremic patients. There 
are 3 curves each for patients M. C. and R. F., and one 
curve for G. C. 

normal persons, and the plasma amino nitrogen 
reached values as high as 43 mgm. per 100 cc. 
The cause of this marked increase does not ap- 
pear to be impaired excretion of the amino acids 
in the urine, which, under the conditions used, is 
only a minor factor in removing amino acids from 
the circulation. Even in the normal individuals 
the total excretion of amino nitrogen in the 6-hour 
period of the test constituted less than 5 per cent 
of the ingested amount. It is possible that the 
tissues of uremic patients are more nearly satu- 
rated with amino acids than the tissues of normal 
individuals, and that for this reason the glycine 
passes less rapidly and completely from blood to 
tissues in the uremic subject. Such pre-satura- 
tion of the tissues would not occur, however, if 
the deaminizing function were previously normal. 

if the direct cause of the high and 
prolonged ’blood amino nitrogen curve were pre- 
vious saturation of the tissues with amino acids, 
the primary cause would be retarded deaminiza- 
tion. 



Fig. 2. Plasma Amino Nitrogen Curves after Inges- 
tion OF 25 Grams of Glycine. 


Four patients in the chronic active stage of hemor- 
rhagic nephritis, with the nephrosis syndrome predomi- 
nating. 

The plasma amino nitrogen curves obtained in 
4 patients with marked nephrotic syndrome ac- 
companying the chronic active stage of hemor- 
rhagic Bright’s disease are illustrated in Figure 2. 
These patients still had urea clearances above 20 
per cent of normal, and hence would not be classed 
as terminal (Van Slyke, Stillman, et al., 1930). 
The postabsorptive plasma amino nitrogen curves 
fall nearly within the area which includes the 
curves obtained in the normal individuals. 

The rates of urea nitrogen formation, following 
the ingestion of 25 grams of glycine by the same 
normal and nephritic subjects, are presented m 
Figure 3. 

Whereas the normal persons in the first 3 hours 
following the glycine feeding transformed an av- 
erage of 48 per cent of the ingested 4670 mgm. of 
amino nitrogen into urea nitrogen, a much smaller 
urea formation (9.8 and 24 per cent) was found 
in two of the three uremic patients in the terminal 
stage. 

On the other hand, the patients in the chronic 
active stage, with symptoms chiefly nephrotic, 
formed urea at the same rate as normal subjects. 

It is evident that the processes by which ab- 
sorbed amino acids are removed from the bloo. 
stream and transformed into urea proceed at a 
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Fig. 3. Urea Formation from 25 Grams of Ingested 
Glyccne. 

In the first column the numbers indicate successive 
hours after the ingestion. 

normal rate until the terminal stage of nephritis 
is reached: then retardation of these processes 
frequently occurs. 

Urea synthesis from ammonia 

The retarded urea formation observed in the 
terminal stage of nephritis might be a consequence 
of delay in either deaminization of the ingested 
glycine, or in the sjTithesis of urea from the nitro- 
gen split off by deaminization. Considerable urea 
formation during the second 3-hour period in 
Case R. F. presented in Figure 3 would suggest 
that the retarded initial formation of urea was 
dependent on delayed deaminization. 

In order to obtain more direct data on the cffi- 
cienc}’ of urea synthesis in uremia, experiments 
were undertaken in which material for the urea 
sjTithcsis was supplied directly as ammonia nitro- 
gen instead of in the fonn of amino acid nitrogen. 
Tlie investigation included a study of the blood 
ammonia curve in normal and uremic inditdduals 
following ingestion of ammonium citrate, and cal- 


culation of the urea formatioxi. Such tests were 
performed on two of the uremic patients, who 
had been found to show abnormally high and pro- 
longed rises of plasma amino nitrogen after feed- 
ing of glycine (G. C. and R. F.), and in one of 
whom (R. F.) the urea formation after amino 
add feeding was markedly reduced. 

At 9 a.m. 13.3 grams of ammonium dtrate 
(containing 2950 mgm. of ammonia nitrogen) 
were given dissolved in "water to the patient, who 
had been fasting since supper on the previous 
evening.* Blood samples for ammom'a deter- 
mination were drawn immediatdy before the in- 
gestion and at 9:30 a.m., 10 a.m., and 12 noon. 
The ammonia analyses were made by the method 
of Van Slyke and Hiller (1933), the analvses be- 
ing started less than 3 minutes after the blood 
samples were dra'vvm. Calculation of the urea 
formation in the 3-hour period v.'as performed as 
described above under the glydne test. 

The results are presented in Table 1. No dif- 

TABLE I 

Blood ammonia values and urea nitrogen formciion in two 
noTTTMl individuals, cr,d two uremic patients, fellcwing 
ingestion of 13 J grams of ammonium citrate 
{2950 mgm.. ammonia nitrogen) 



B!ocx3 zzzrz 


Urea 

Case 

i 

Fanins 

JO 

60 

3 bocrj 

nitresta 
forrted ia 
3 hoars 


after 

after 

after 




err^ 

err.Z 

err^ 

rtfs5. 

E. K. normal.. 

0.029 

0.045 

0.050 

0.049 

1920 

J. M. normal.. 

0.033 

0.031 

0.030 

0.031 

1847 

R. F. uremic. . 

0.040 

0.059 

0.047 

0.033 

2453 

G. C. uremic. . 

0.016 

0.022 

0.018 

0.016 

1 .V..0 


ference was obseiwed between the 2 normal indi- 
viduals and the 2 uremic patients either in the 
fasting blood ammonia lalues or in the values ob- 
tained after feeding of the ammonia salt. The 
urea formation following the ammonia ingestion 
was not retarded in the uremic patients. These 
results demonstrate that the ability to transform 

* Tests of the sanre charade.-, bet r.ct ir.dwV.T.z cal- 
calaticn of the urea forrraition, have beer. crrp:ovri bv 
Burdi! (1026. 1927) a.-.d Feld (1933). fr the study of 
liver paticr-.E. Burcius figures for fartir.-; b:c-:d'a.-r- 
tuoria in n-rrral perErr.s are rrucr; hfaher than rtiuhs 
obtained by rehabde tecirr.i-Tuej of ar_i’vt:?. 
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ammonia into urea is unimpaired in uremia. They 
give support to the assumption that the delay in 
urea formation, observed after glycine ingestion 
in uremic patients, is caused by impairment in the 
body mechanism which deaminizes amino acids, 
rather than in the mechanism which forms urea 
out of the ammonia yielded by deaminization. 

DISCUSSION 

The experimental data presented above have re- 
vealed a distinct metabolic dysfunction in patients 
suffering from uremia and have thereby confirmed 
the results reported in a previous paper (Kirk, 
(1933) ). In addition it is shown that putting the 
deaminizing function under strain by the ingestion 
of 25 grams of glycine may reveal impairment of 
this function at a time when the fasting plasma 
amino nitrogen is still within the normal limits.^ 
No definite conclusion can be drawn from this in- 
vestigation about the site of this impaired func- 
tion, but it should be mentioned in this connection 
that all the uremic patients studied showed a nor- 
mal liver function when subjected to the brom- 
sulphalein test of Rosenthal and White (1925). 
Normal elimination of the dye was found even in 
a semicomatose patient, who on the day of the 
test had a fasting plasma amino nitrogen value of 
38 mgm. per cent. 

From clinical experience in this hospital it ap- 
pears doubtful that demonstration, by the glycine 
feeding test, of a retarded rate of deaminization in 
a nephritic patient indicates the necessity for a 
low protein diet. The plasma amino nitrogen 
concentration usually returns to initial values 
within the 6-hour period of the test, which means 
that the deaminization, even of the rather large 
amounts of amino acid taken, is completed during 
the usual interval between meals. A review of 
the observed practical advantages of a normal pro- 
tein intake in even the later stages of nephritis, 
based on the experiences obtained in this clinic, 
has recently been published by Alving ( 1934) . 

An illustration of the beneficial effect of free 
protein intake in face of nearly constantly ele- 
vated plasma amino nitrogen is seen in the clinical 
course of the disease of a nephritic patient, pre- 

5 For detection of impaired deaminization one amino 
nitrogen determination performed 3 hours after the 
ingestion of 25 grams of glycine suffices. 


sented in Figure 1 of a previous paper (Kirk, 
(1933)). Amino nitrogen analyses of plasma 
were made daily for 3 months after recovery from 
an acute attack of uremia. Usually the fasting 
amino nitrogen values were found considerably 
elevated. In spite of these laboratory findings the 
patient was allowed an unlimited protein intake 
and on this regime gained weight and strength 
and was able to leave the hospital at the end of 
the period of observation with nearly completely 
restored working ability. 


SUMMARY 


1. A test of the deaminizing and urea-forming 
functions is described in which the plasma amino 
nitrogen curve and the amount of urea formed are 
observed during 3 hours after ingestion of 23 
grams of glycine. 

2. In uremic patients the increase in plasma 
amino nitrogen was 2 to 4 times greater than in 
normal individuals, and the return to pre-ingestion 
level was slower. 

3. Normal persons transformed an average o 
48 per cent of the ingested amino nitrogen into 
urea nitrogen during the first three hours fol ow 
ing the glycine. In 2 out of the 3 uremic patients 
studied the urea formation in this period was re 
duced to 10 and 24 per cent respectively o tie 
ingested nitrogen. However, during the perio 
to 6 hours after ingestion the uremic su jec ^ 
formed as much urea as the normal subjec s 

_ , 

4. The same patients who showed high ^ 

longed curves for blood amino nitrogen an 
tially retarded urea formation after inges 
glycine, were able to form urea from 
ammonium citrate as rapidly as the 
viduals. The curve for blood ammoma 
ingestion of 13.3 grams of ammonium ci ra 
wise showed no difference from the cii 
tained in normal subjects. The in 

ammonia into urea is therefore 

uremia. The retarded formation 
after feeding of glycine appears to e a^ 
rather to delay in deaminization, t an 
the subsequent transformation o t e 


ato urea. .^^onic a^' 

5. In patients in the » 

ive staee of Bright’s disease, no 
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the curv’e for plasma amino nitrogen or in urea 
formation was found after feeding of glycine. 

6. The finding of abnormally high cur\'es for 
plasma amino nitrogen after ingestion of glycine, 
or even of moderately elevated content of plasma 
amino nitrogen in the fasting condition, does not 
apparentl}" suffice to indicate the necessit}" for 
restricting protein intake. 
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OBSERVATIONS ON NORMAL SUBJECTS 

Relying on the accuracy o£ the above method 
we determined to study in normal individuals the 
response of the plasma fatty acids to the intra- 
muscular administration of adrenalin with the 
special purpose of combining such results with 
similar observations made on patients with disease 
of the liver. Such studies were suggested by the 
known high values for blood lipids in many cases 
with hepatic disturbances and were in progress 
before the publications of Himwich and his col- 
laborators, It is of incidental interest that our 
results on normal individuals apparently confirm 
the qualitative findings made by these investigators 
although the quantitative changes are of much 
smaller magnitude. In normal subjects we have 
obtained what we believe to be significant increases 
in blood fatty acids after the injection of the 
adrenalin in every instance but one. The results 
are here reported and discussed. 

Experimental results 

The subjects were normal medical students or 
members of the hospital or laboratory staff. Con- 
trol specimens of venous blood were taken about 
14 hours after the last meal with the subject at 
rest, and 0.5 cc. of a 1 to 1000 solution of adrena- 
lin (Parke, Davis and Co.) was then injected 
intramuscularly. Subsequent samples of venous 
blood were taken at intervals of one-half hour, 
one hour, and two hours. The subject remained 
at rest during the entire period. Blood sugar 
estimations as well as fatty acid determinations 
were made, and gave the usual post-adrenalin 
rise and fall. The results of the fatty acid deter- 
minations are shown in Table II, 

A graphic representation of the average curve 
of fatty acid values obtained in this group of 
normal individuals is given in Figure 1. It will 
be noted that the maximum rise in fatty acids 
is reached in most instances at the end of half an 
hour after the injection of adrenalin, although in 
a few subjects the maximum rise seemed to come 
after one hour. The average increase above the 
fasting level was 30 mgm. per 100 cc., with a 
maximum rise of 69. In all but one instance the 
rise exceeded 12 mgm. but in one subject there 
was no appreciable rise. It will be observed that 
the only suggestion of a drop below the fasting 


TABLE II 


Changes in blood fatty acid noted in normal individuals 
following the intramuscular injection of 0.5 cc. adrenalin 
(1:1000 solution). 



Fig. 1. Average Normal Curve Showing Rise from 
Fasting Level of Plasma Fatty Acids after Injec- 
tion OF Adrenalin in a Group of Normal Individuals. 


level was at the two hour determination. At the 
end of two hours the fatty acid values returned 
approximately to a fasting level in nearly every 
instance. The fasting level of the plasma fatty 
acids varied between 203 and 419 mgm. per 100 cc. 

Discussion 

As far as the accuracy of the above observa- 
tions is concerned it would seem to us that there 
exists little reason for doubt. The findings were 
consistent in the normal individuals studied, and 
the rise in fatty acid coincided with the known ^ 
rise in blood sugar resulting from the injection 
of adrenalin. The accuracy within narrow limits 
of error (±: 5.0 mgm.) of the Stoddard and Drury 
method for the determination of fatty acids has 
already been commented on and is attested by 
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our own observations and by those of Long and 
Venning. 

Granted that the methods used were accurate 
within the limits already noted (±5.0 mgm.), 
we believe our findings constitute acceptable e\-i- 
dence that normally the fatty acid content of the 
blood rises appreciably and rather rapidly fol- 
lowing the intramuscular injection of adrenalin 
in man. That the rise is within much narrower 
limits than those reported b)'' Himwich and his 
collaborators may best be explained by the error 
inherent in the method used by them for the de- 
termination of fatty adds, and also by some dif- 
ference in the amounts of adrenalin used. Our 
results, nevertheless, support their conclusions that 
adrenalin temporarily increases the blood lipids. 

The discrepancj' between our results and those 
reported by other investigators who found no rise 
or an actual fall in fat values after the injection 
of adrenalin is less easy to explain. It is not 
necessarily probable that the difference lies in the 
fact that most of their obsen'ations were on ani- 
mals which might react in another manner than 
man. Many of the observations were made on 
anesthetized or decerebrate animals, however, and 
this may have altered an othenvise normal sympa- 
thetic response. 

Furthermore, the observ’ations of other inves- 
tigators, in most instances, were made at much 
longer inter\-als than one-half hour and one hour 
after the injection of adrenalin, and for this 
reason an early rise might have been missed. In 
some instances the adrenalin was given by con- 
tinuous intravenous administration over a period 
of hours and in one set of experiments it was 
administered subcutaneously. Such variations in 
the administration of the drug may well have 
altered the type of response obtained. 

Another important consideration arises in re- 
lation to the fact that other investigators for the 
most part confined their studies to animals. In- 
asmuch as the phenomenon under discussion is 
essentially a sympathetic response, it should be 
expected that any emotional disturbance could 
produce similar blood dianges in a very' short 
time. Disturbance of the animal during the pe- 
riod of early anesthesia or during the handling 
of the animal might evoke a discharge of adrena- 
lin with resulting change in blood \-alucs in a few 


minutes. In some obsen-ations on rabbits (14) 
we found it extremely difficult to avoid fictitious 
high resting values for blood sugar and fatty- 
adds because of the apprehension the animals 
experienced during the withdrawal of blood. The 
resulting fatty- add curve in such instances not 
only failed to rise after the injection of adrenalin 
but at times fell, due, v.-e believe, to the fact that 
the initial emotional response of the animal had 
already raised the fatty add values to a high level. 
Only- in a few well trained rabbits, in which 
pentobarbital was very carefully employed to quiet 
them, did we obtain curves similar to those re- 
ported in Table II. 

That this response of the fatty adds can occur 
very rapidly is shown by the fact that frequently 
in human beings we have noted an almost maxi- 
mal rise within fifteen minutes after the injection 
of adrenalin. If we regard the response as in a 
sense an emergency one, and comparable with the 
other well-known effects of adrenalin it is not 
unreasonable to expect it to reach its maximum 
in a relatively short period of time. From such 
considerations we believe our findings are not 
necessarily inconsistent with those obtained by 
predous investigators. 

The physiological significance of the rise in 
blood fatty acids is not clear, but the suggestion 
obriously arises that it may be assodated with 
the rapid mobilization of energy-producing mate- 
rial either for immediate consumption or for 
storage elsewhere to replace material which has 
been rapidly utilized. 

OBSERVATIONS ON PATIENTS WITH HEPATIC 
DISEASE 

As already mentioned it has been known for 
some time that in many patients suffering from 
%-arious forms of hepatic disorders the level of 
the plasma lipids is considerably elevated above 
normal. The exact mechanism underlying such 
an elevation of blood lipids is not underst-y)-!. 
Because of this fact we determineri to obnain a 
scries of fatty acid curves in paiier.tf s’.ifftring 
from various diseases of the liver. It seemed 
that a comparison of the result- obtained v.i'.h 
those already n-oted in norma! individua!' m:::’.t 
provide further information rernrslir.a- :;.e n,e-:ln- 
nism involvcfl in the r.orTT;aI ri-e in fr.Tty r. ::d- 
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following the intramuscular injection of adrenalin 
and might also provide a means of studying dis- 
turbances of hepatic function. The results of 
these studies are given below. 

Clinical material 

The clinical material subjected to investigation 
included various types of liver disease and was 
selected from ward and private patients. In the 
43 patients studied, the ultimate outcome is known 
in every case and in many instances the individual 
patients have been followed closely for more than 
three years. In general, it may be stated that 
the patients were suffering from acute infectious 
or toxic hepatic disorders, such as catarrhal 
jaundice or cinchophen poisoning, or from chronic 
disturbances, such as are encountered in the vari- 
ous forms of cirrhosis. The diagnosis was usu- 
ally obvious, and in one-third of the cases was 
confirmed by operation or by necropsy. 

Methods of study 

A curve of fatty acid values was obtained fol- 
lowing the intramuscular injection of adrenalin, as 
already described. The patients were at rest in 
bed throughout the full two-hour period. In most 
instances a quantitative determination of the 
plasma bilirubin was made by the method of van 
den Bergh and a bromsulphalein retention test 
was performed as a further means of studying 
hepatic dysfunction and for comparison with the 
results of the blood lipid studies. 

Results 

The curve obtained from a study of normal 
individuals has been shown in Figure 1. As al- 
ready noted its configuration indicates a con- 
sistent tendency in normal individuals to a definite 
rise in blood fatty acids after the intramuscular 
injection of adrenalin, with a subsequent return 
to the fasting level. Because of the known high 
fasting values for plasma lipids in hepatic dis- 
orders it seemed wise to determine, if possible, 
whether the existence of a high fasting level of 
blood fatty acids would affect the character of 
the response to adrenalin. Observations were 
made on three patients with chronic nephritis with 
high fasting values of blood fatty acids. The 
results are shown in Figure 2 and may be com- 


ifffitrATTr *cjp 



Fig. 2. Fatty Acid Curves Obtained in Patients 
WITH Chronic Nephritis. 


The fasting level differs in each instance but for com- 
parison graphs are drawn with O as the fasting level. 

Fasting level values ; I— Nephrosis = 607 mgm. 

n — Nephrosis = SII mgm. 

Ill — ^Uremia, chronic glomerular 
nephritis = 363 mgm. 

pared with the so-called normal curve in Figure 
1. The fasting values were 607, 511, and 363 
mgm. respectively. In the case represented by 
Curve III, Figure 2, starvation, a known cause 
of an increased value for plasma lipids, was added 
to the known existence of a nephritis. It will be 
noted that in each instance the curves obtained 
showed a marked rise to a peak after the injection 
of adrenalin and a subsequent fall approximately 
to the previous fasting level. 

The curves presented in Figure 3 were obtained 
from two patients who were recovering from 
acute toxic liver injury. In both instances the 
“ control ” curve was obtained while the patients 
were on a low fat diet. The curves obtained after 
the administration of a high fat diet for a period 
of three days are given for comparison. Al- 
though the fasting level of the blood fatty acids 
was appreciably higher after the change in diet 
there still was noted a sharp rise in the blood lipids 
following the administration of adrenalin. 

From the above observations, it would seem that 
an abnormally high fasting level of the blood fatty 
acids when due to a high fat intake, or to condi- 
tions such as exist in starvation or in nephritis, 
does not prevent a rise in fatty acids following 
the intramuscular administration of adrenalin, 
with a subsequent fall to the fasting level. Even 
under such conditions this response to adrenalin 
resembled that obtained in normal individuals. 
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Fig. 3. Fatty Acid Curves Obtained on Two Patients with To-vic Jaundice (I) Antimony Poisoning: 

(II) AKSPHENAjnNE POISONING 


Curves marked H obtained during' the feeding on high fat diet. Curves marked L obtained daring feeding on 
low fat diet. As in previous charts the fasting lei'els are charted at identical points although they actually repre- 
sent different values as given above. 

I. Fasting level high fat diet = 563 mgm. 

Fasting level low fat diet = 550 mgm. 

II. Fasting level high fat diet = 551 mgm. 

Fasting level low fat diet = 466 mgm. 



i.v P.\Tir.sTS and in P.^tients wirrt I.utt D.'s-ci'i. iS'v 

Two D Cuncs arc given, one ‘bowing no spgrccirhle chance ir'.m fn'tir.n 'cvtI rni - ■*.h" rr--- v:- 

continuous fall. 
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It seems reasonable to assume, therefore, that the 
high fasting fatty acid values encountered in dis- 
eases of the liver would not in themselves alter 
the response to adrenalin. 

We have divided the curves obtained from the 
group of 43 patients with various types of hepatic 
disease into three arbitrary types and have clas- 
sified them for comparison with the normal as 
follows (see Figure 4) : 

“A” (normal) Curve — This curve is charac- 
terized by an appreciable rise which usually ap- 
peared within one-half hour after the adminis- 
tration of adrenalin, and a return to approximately 
a fasting level at the end of two hours. 

“ B ” Curve — A curve showing no initial fall 


in fatty acids after the administration of adrenalin, 
but a rather continuous rise of at least 15 mgm. 
per 100 cc. within two hours, with little if any 
terminal drop. 

“ C ” Curve — ^A curve showing a fall in the 
fatty acids below the fasting level, followed by a 
rise to at least tbe fasting level. 

“ D " Curve — ^A curve showing no rise or fall 
of more than 5 mgm. from the fasting level, or 
a continuous fall. 

Results 

We have grouped our results in relation to such 
a classification of the various curves obtained. 
The findings are tabulated in Table III together 


TABLE III 


Data obtained from cases of hepatic disease following the intramuscular injection of 0.5 cc. adrenalin {1 : 1000 solutioii) 


Patient number 

a 

CO 

bo 

< 

Diagnosis 

i 

, 

Bilirubin 

Bromsulphalein 

retention 

Fasting fatty 

1 acid 

H Hour fatty 
acid 

1 Hour fatty 
acid 

I 2 Hour fatty 
[ acid 

Type fatty acid 
curve 

Duration of 
life after tests 





mgm. 

per 

mgm. 

mgm. 

mgm. 

mgm. 





years 


per 

per 

per 

per 

per 






too cc. 

cent 

too cc. 

too cc. 

too cc. 

too cc. 



1 

M. 

23 

Biliary cirrhosis* 

4.5 

50 

320 

326 

324 

339 

B 

12 mos. 

2 

M. 

47 

Toxic cirrhosis 



327 

392 

380 

388 

B 

12 mos. 

3 

M. 

55 

Toxic cirrhosis: 

3.5 

30 

290 

304 

300 

264 

B 

13 mos. 




cinchophen 



273 



283 



4 

M. 

59 

Toxic cirrhosis: alcohol 

1.5 

40 

291 

285 

A 

14 mos. 

5 

F. 

14 

Toxic cirrhosis 

4.2 

35 

233 

190 

220 

210 

D 

15 mos. 

6 

M. 

35 

Toxic cirrhosis 

6.8 

0 

385 

363 

351 

357 

D 

15 mos. 

7 

F. 

50 

Biliary cirrhosis 

4.9 

SO 

492 

460 

462 

436 

D 

17 mos. 

8 

F. 

47 

Toxic cirrhosis: 

cinchophen 

Cirrhosis: syphilis, 

4.8 

55 

374 

395 

381 

325 

371 

338 

A 

B 

21 mos. 

24 mos. 

9 

M. 

54 

4.7 

25 

322 

322 




arsenic 






2032 


24 mos. 

10 

F. 

,33 

Biliary cirrhosis* 

23.0 

SO 

2020 

1710 

1588 

C 

11 

M. 

51 

Cirrhosis 



253 

280 

254 

243 

A 

2 yrs. 

12 

F. 

23 

Toxic cirrhosis _ 

3.5 

0 

301 

380 

— 

345 

B 

25 mos. 

13 

M. 

46 

Cirrhosis: sj^philis 

0.5 

0 

247 

273 

253 

246 

A 

2 yrs. 

6 mos. 

14 

15 

16 

F. 

F. 

F. 

55 

32 

39 

Toxic cirrhosis: 

antimony 

Toxic cirrhosis: 

pregnancy* t 

Toxic cirrhosis: arsenic 

23.0 

19.7 

100 

501 

441 

421 

578 

451 

548 

561 

488 

501 

537 

576 

506 

B 

B 

B 

3 yrs. 

5 mos. 
3 yrs. 

5 mos. 
3 yrs. 

5 mos. 

17 

F. 

40 

Toxic cirrhosis 

3.5 

0 

260 

288 

346 

291 

B 

3 yrs. 

8 mos. 

18 

F. 

65 

Biliary cirrhosis: post- 

1.8 

IS 

276 

280 

305 

281 

A 

4 yrs. 

19 

20 

M. 

M. 

31 

45 

cholelithiasis 
Infectious jaundice 
Infectious jaundice 

21.7 

20.8 

0 

472 

330 

487 

378 

478 

352 

462 

341 

A 

B 

4 yrs. 

4 yrs. 

1 mo. 


B 

O 


Living. Light work. 
Living. Working. 
Semi-invalid. 

Living. Working. _ 
Chronic invalid. Died 
acute infection. 
Living. Fatigues 
very easily. 

Dead. Invalid while 
alive. 

Living. Well. 

Dead from carcinoma 
esophagus. 

Dead. Invalid while 
alive. , 

Living. Fairly well. 
Living. Fairlj^ well. 
Living. Working. 

Living. Fair health. 

Living. Fair health. 

Living. Fairly well. 

Living. Fairly well. 

Living. Well. 

Living. Well. 

Living. Well. 


* Confirmed at operation, 
f Confirmed at autopsy, 
i Five months pregnant. 
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TABLE rn — CorJintied 


u 

g 

C 

** 

G 

JV 

1 

y. 

o 

w 

a 

Cff 

< 

o 

c 

tx 

c 

Q 


*3 

■£j- 

c S 

I 

r 

&£ 

01*5 

>» 

« 1 

J ' 
51 1 

*** tJ 

M C 

“w 

c 5 
c> 

c= 

r. 

^ 3- 

If 

a; 

<2 



years 


rngm. 

iter 

100 cc. 

per 

cent 

Tzgm. 

ptr 

JOOec. 

v.gm, 

per 

lOOcc, 

rr,gm. 

per 

100 cc. 

ngn. \ 
per 1 
100 cc. 

i 

1 

1 



M. 

46 

Toxic cirrhosis: alcohol 


50 

338 

1 

365 

373 

379 

i 

B 

4\ts. ! 
4 mos. 

Dead. Well until 
acute terminal 
infection. 

22 

F. 

23 

Infectious jaundice 

15.6 

25 

1 608 

659 

610 

601 

A 

4 >TS. 
4 mos. 

Living. Well. 

23 

F. 

37 

Toxic cirrhosis* 

0.5 

20 

547 

t 504 

435 

1 446 

D 

4 >TS. 

4 mos. 

Living. Fatigues 
vei"v easilv. 

24 

M. 

48 

Acute yellow atrophy: 
— Cause ? 

15.0 

100 

271 

271 

249 

252 

D 

1 day 

Dead 

2S 

M. 

45 

Toxic cirrhosistf 
j alcohol 

! 6.6 

i 

' 40 

198 

188 

202 

190 

C 

2 davEi 

1 

Dead 

26 

M. 

35 

Toxic cirrhosis: alcohol 

‘ 1.5 

' 25 

286 

292 

272 

269 

D 

5 daj'E 

Dead. Acute yellow 
atrophv. 

27 

j M. 

66 

Cancer of pancreas* 

19.8 


380 

1 376 

398 

383 

B 

j lO days 

1 

Dead. Postoperative 
complication. 

28 

M. 

42 

Acute yellow atrophy; 
pylephlebitis? 

18.0 

100 

323 

318 

311 

312 

D 

10 days 

! Dead. 

29 

M. 

63 

Carcinoma of pan- 
creas*! 

16.3 

100 

453 

444 

420 

1 415 

1 

D 

12 days 

' Dead. _9 days post- 
operative. 

30 

F. 

48 

Carcinoma bile ductsf 

30.0 


1336 

1341 

1298 

1310 

1 D 

16 da vs 

Dead. 

31 

F. 

67 , 

Toxic cirrhosis:! 

cinchophen 
Pylephlebitis: post- 
choleci-stectomy j 

4.8 

70 

383 

362 

356 

351 

D 

3 wks. 

Dead. Cholemia. 

32 

M. 

45 

2.0 

25 

364 

355 

317 

302 

D 

3 wks. 

Dead. Toxemia. 

33 

F. 

50 

Biliary cirrhosis! 1 

23.4 

100 

404 

396 

381 

343 

D 

' 1 mo. 

Dead. 

34 

M. 

20 

Biliary cirrhosis , 

6.0 

55 

242 

239 

227 

I 260 

C 

^ 6 wks. 

Dead. 

35 

F. 

48 

Toxic cirrhosis j 

3.4 

60 

327 

368 


332 

A 

3 mos. 

Dead. .Acute hemor- 
rhage. 

Dead. Cholemia. 

36 

F. 

38 

Biliary’ cirrhosis* 

6.6 

35 

418 

426 

422 

422 

i 

, D 

3 mos. 

37 

F. 

37 

Toxic cirrhosis* 1 

2.5 

35 

270 

262 

277 

274 

c 

3 mos. 

Dead. Cholemia. 

38 

M. 

49 

Toxic cirrhosis: alcohol 

3.8 

35 

475 

479 

444 

387 

D 

3 mos. 

Dead. Cholemia. 

39 

M. 

54 

To.xic cirrhosis: alcohol 

2.0 

70 

242 

213 

204 

159 

1 

D 

i 

6 mos. 

Dead. -Acute >-e!Iow 
atrophv. 

40 

M. 

26 

Syphilis 

22.5 1 

100 1 

679 

604 

602 

56S 

D 

7 mos 

Dead. 

41 

M. 

30 

Biliary cirrhosis* 

15.5 

35 1 

619 

60S 

636 

681 

C 

7 mos. 

Dead. Cholemia. 

42 

M. 

62 

Biliary cirrhosis* 

24.0 

100 

489 

492 

484 

486 

D 

i 

7 mos. 

Dead. Acute ivllow 
atrophv. 

43 

F. 

32 

Toxic cirrhosis! 

5.6 

65 

266 i 

255 j 

1 

274 

290 

C 

1 

8 mos. 

Dead. Pneumonia 
after cxploratio.n. 


with certain other laboratory and clinical data. 
In each instance we have given the actual values 
obtained for the variations in blood fatty acid, 
and have also classified tiie curve according to the 
above arbitrarj- standards. 

Discussion 

These findings suggest that the character of 
*be fatty acid cun-e obtained after the intra- 
niuscular injection of adrenalin in man tends to 
be definitely altered in conditions characterired by 
liver damage. The course of the cun'c. as lias 
i>ecn noted, seems to be independent of the initial 
ievcl of the fatty acids. Of interest, clinically, is 
the possibility of prognostic value attaching to 


such curves in the presence of liver disturbances. 
Of the 43 patients studied IS arc living, with a 
survival period of from S to 52 months after the 
test was made. Of this group of IS living indi- 
^^duafs, 16 had either A or B cuives. Of tb.e 25 
patients who died 21 had cither C or D c-umC'. 
(See Table IV'.) 

Of the 20 patients with A or B curves all Imt 
two survived for ntorc titan a year after ti;e ob- 
servations were made. Tite average sttrvival •jO-- 
riod was 30 months with 5 patiertt'- !:v:r;;; for 
more tluin 4 j-cars. One of the group. IVtierg 27, 
lived only ten after I:;- 1 - .i v.t.- ttud:-!. 

He died of bronch-g neun; on;,-! a 

cholccystogastroston-.y for cr.rcin of th- i 
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TABLE IV 

Tabulation of fatty acid curves in relation to survival and 
state of health 


Type of 
curve 

Number of 
cases well 

Number of 
cases invalid 

Number of 
cases dead 

A 

6 

1 

1 

B 

2 

7 

3* 

C 

0 

0 

6 

D 

0 

2 

IS 


* Cancer esophagus, cellulitis of leg, and postoperative 
death, respectively. 


of the pancreas. The other case, Patient 35, died 
from a ruptured esophageal varix two months 
after the fatty acid determinations. Of these two 
deaths, one at least could hardly be attributed to 
hepatic insufficiency. 

Two cases, Patients 9 and 21, with A or B 
curves died 29 and 52 months after the test was 
performed. During the entire survival period 
there were no symptoms referable to the under- 
lying disease of the liver, and death occurred as 
a result of cancer of the esophagus and cellulitis 
of the leg respectively. 

Of the 23 patients presenting C or D curves 
18 died within 8 months of the observations fol- 
lowing the injection of adrenalin. The avei-age 
survival period of the group was 7 months, with 
9 patients dying within a month of the test. Of 
the 5 patients with C or D curves who survived 
more than eight months, three died after 15 
months, 17 months and 24 months respectively. 
Their course was one of almost continuous in- 
validism. 

A comparison of the relation existing between 
the type of curves obtained and the degree of liver 
damage as measured by standard liver function 
tests or by clinical findings made at the time of the 
fatty acid determinations is made in Tables V 
and VI. 

TABLE V 

Comparison between (i) type of curve obtained, (2) se- 
rum bilirubin, and (2) bromsulphalein retention 


Type 

of 

curve 

Number 
of 1 

cases 

Mean serum 
bilirubin 

Mean 

bromsulphalein 

retention 

A 

7 

mgm. -per 100 cc. 

7.0 

per cent 

28.0 

"b 

7 

9.0 

36.4 

46.5 

59.4 

c 

6 

9.8 

D 

16 

10.9 






TABLE VI 

Comparison between the type of curve obtained and the 
presence of edema and ascites 


Type 

Number 

Number of 

Number of 

of 

of 1 

cases showing 

cases showing 

curve 

cases 

ascites 

edema 

A and B. . . . 

20 

6 

6 

Cand D.... 

23 

13 

1 

11 


It seems obvious, from these findings, that not 
only do those patients with A and B curves have 
a much longer survival period than those with C 
and D curves, but in addition such curves are as- 
sociated with less marked evidence of serious liver 
damage as measured by the usual clinical and 
laboratory methods. 

Although the variations observed in the fatty 
acid curves correspond in general to the apparent 
severity of the hepatic disturbance as measured by 
the presence of edema or ascites, or by the in- 
tensity of the jaundice and the degree of dye re- 
tention, this is not true in every individual case. 
In several patients the severity of the liver dam- 
age, as indicated by the other laboratory tests or 
by clinical findings failed to be reflected in the 
type of fatty acid curve. In such instances the 
subsequent course proved that the fatty acid curve 
was the best guide to prognosis. The findings in 
Patient 8 illustrate this. In this case the patient 
had been jaundiced for two months after pro- 
longed administration of cinchophen. On admis- 
sion she showed moderate jaundice, emaciation, 
purpura, ascites, marked edema, and bilateral 
pleural effusion. The liver and spleen were both 
enlarged, and the clinical picture was that of a 
very severe liver toxemia, probably with subacute 
yellow atrophy. The bilirubin was 4.8 mgm. per 
100 cc., the bromsulphalein retention was 55 per 
cent at the end of 30 minutes, and the red blood 
count was only 3,900,000 cells per cu. mm. The 
urine was heavily bile stained and the stools were 
clay colored. In spite of such obvious severe liver 
damage the fatty acid curve was normal in shape. 
Under proper treatment recovery was unusually 
prompt, and the patient is now working full time 
30 months after the test was performed. The 
prognosis given by several observers was unfav- 
orable, but actually the patient did extremely well. 

An example of the opposite situation is also 
of interest. Patient 32, ten days after a chole- 
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cystectomy began to run a slightly elevated tem- 
perature, and became very slightly jaundiced. 
Physical signs, "with the exception of the slight 
jaundice revealed nothing. The serum bilirubin 
was 1.9 mgm. per 100 cc. and the bromsulphalein 
retention was 35 per cent. Ten days later the 
clinical condition of the patient apparently was 
unchanged but the bromsulphalein retention had 
dropped to 20 per cent, suggesting definite im- 
provement. A iatty acid curve done at this time 
showed a typical D cun-e. In spite of the appar- 
ent improvement, as indicated by the better dye 
excretion, the patient became progressively worse 
from this point in the disease, and died in three 
weeks. Autopsy showed multiple small areas of 
infection and necrosis throughout the liver. 

From such findings it would appear that a cor- 
rect interpretation of the fatty acid cuiwe offers 
a valuable method for prognosis, as compared 
with other laboratory tests or clinical findings. 
Examination of our results reveals the fact that 
in only one instance, Patient 35, was an A cun'e 
associated with a short survnval period. More- 
over, in this instance death occurred from an 
acute hemorrhage, presumably from esophageal 
varices, rather than from liver insufficienc}'. 
Only t^vo patients with D curces failed to do 
poorly. One, Patient 6, is a semi-invalid, and has 
been limited in his activity much of the time dur- 
ing his fifteen months survival. The other, Pa- 
tient 23, still survives after more than four years, 
and while now a semi-invalid, would seem to be 
a distinct exception to our prognostic rule. 

It seems to us that a determination of the blood 
fatty acid cun'e after the intramuscular injection 
of adrenalin offers prognostic aid in patients with 
liver disease, and apparently regardless of the 
t}’pc of hepatic involvement. As with every other 
laboratory test there are e.xceptions to the rtile, 
but wc believe these will be few in number, and 
Wll not seriously reduce the value of the test. 
^Ve suggest that the test may be of particular im- 
portance as an aid to prognosis in those acute or 
subacute conditions involving the liver in which 
other obsm-alions seem to indicate very serious 
involvement of the organ, and it is of particular 
interest that apparently important deductions m.iy 
be suggested by a single test. In this respect it 
"ould seem to have an adrantage over other lab- 


oratory procedures where repeated observations 
seem to be necessary in order to obtain informa- 
tion of prognostic importance. From our find- 
ings we are inclined to beh’eve that according to 
our arbitraiy classification A and B cuiwes indi- 
cate a relative!}' excellent prognosis even in the 
face of apparently severe liver injury pron'ded 
adequate treatment is instituted; C and D cuiwes 
suggest a prognosis of chronic invalidism or of 
a relatively short suiwival period. 

The blood sugar findings corresponding to the 
fatty acid curves are not given in detail, but cor- 
responded to those reported by Loeb, Reeves and 
Glasier (15). They seemed to show no constant 
changes consistent with the underlying hepatic 
condition. 

SL'MMARY 

1. We have studied the effect of the intramus- 
cular injection of adrenalin upon the blood fatty 
acids in thirteen normal human beings. 

2. Our observations show an almost constant 
type of response which consists in a fairly sharp 
but moderate rise in the plasma fatt}' acids within 
about one-half hour after the injection of the drug 
followed by a subsequent return nearly to the fast- 
ing ler-el in about two hours. 

3. We have presented, evidence that in patients 
suffering from disorders of the liver there is an 
abnormal response of the blood fatty acids to the 
intramuscular injection of adrenalin. 

4. We suggest that this abnormal response of 
the blood fatty acids may be used as a valuable 
guide to prognosis in patients with liver disease. 
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The mode of origin of pernicious anemia and 
of conditions symptomaticall}’’ allied to it, sprue 
and tropical macrocrjiiic anemia, has been the sub- 
ject of detailed and extensive investigation during 
the last decade. Although considerable advances 
have resulted from clinical studies in spite of 
limited material, one of the chief handicaps to 
more rapid progress has been the difficult)’ of 
reproducing similar diseases in animals. Certain 
isolated pathological changes including glossitis, 
macroc3'tic anemia and achlorh3Mria, similar to 
those of pernicious anemia, have been caused to 
occur independent!)’, but in no reported instance 
have the major pathological and ph3'siological 
alterations of pernicious and allied anemias been 
produced as a disease S3’ndrome in a lower animal 
species. 

The present communication deals with the re- 
sults of an attempt to cause in swine a s3’mptom- 
complex which might be etiologicall)’, S3’mpto- 
maticall)', therapeuticall)' and pathologicall)' simi- 
lar to that characterizing the group of macroc3'tic 
anemias of man. The condition studied was 
brought about b)' the administration of a speciall)’ 
densed diet, and was marked b)’ hematological, 
lingual and gastro-intestinal changes similar to, 
though not entirel)' identical with, those of per- 
nicious anemia and of conditions allied to it. 

To comprehend thorough!)’ the rationale of the 
experiments to be reported, a brief re\’iew is re- 
quired of the conditions in human beings which it 
was desired to simulate. 

Pernicious anemia, the anemia of sprue, and 
tropical macrocytic anemia, present hematological 
changes which are, in a general way, similar, A 
further likeness lies in the fact that all three may 
he alleviated by the administration of whole liver 
or of a suitably prepared e.xtract. Distinct dif- 
ferences exist, however, among which arc the 
dissimilar effects following the administration of 
a lysate of brewers’ yeast. Wh.ercas the symp- 


toms of tropical macroCT’tic anemia are regularly 
alleUated by the administration of that material, 
favorable results are only occasionally obtained in 
sprue and in pernicious anemia. If, in the latter 
tw’O conditions, however, the administration of 
the yeast extract is supplemented by the admin- 
istration of normal gastric secretion, w’hich, by it- 
self, is inactive, the combination is therapeutically 
activ’c (Strauss and Castle (6)). The most plau- 
sible explanation of the foregoing facts is that all 
three symptom-complexes are due to the same 
fundamental cause — a lack of some substance such 
as that contained in the yeast cell. Such a lack 
may be a simple dietary insuffidency, as in the 
case of tropical macroc)’tic anemia, or it may be 
an insuffidenc)’, e-xisting even in the presence of 
adequate dietar)’ intake, due to the inability of 
the body to utilize the substance. In pernicious 
anemia, and in certain cases of sprue, it would 
appear that an as yet unidentified gastric ferment 
is required for the conversion of the principle in 
the yeast to a hematopoietic factor. 

Qinical observ’ation suggests that in both sprue 
and pemidous anemia an early stage in the se- 
quence of pathological events is an infiammator)’ 
change of the mucous membranes without anemia. 
This is manifested visibly by glossitis, stomatitis, 
proctitis or vaginitis, and symptomatically by 
oesophageal and gastro-intestinal pain and distrc.=:5 
and by diarrhea. This first stage is not neces- 
sarily associated w’ith cither achlorhydria or de- 
terminable hematological disturbance. .As the dis- 
ease progresses, the changes affecting tlie mneo-as 
membranes become less acutely inf:a.'nmati’'ry .'nd 
more atrophic in nature. Gastric addorhydria, 
loss of hematOj'xDietic activity of the gr.stric j;;:cc, 
and anemia, may develop in t];e order narr.'.'i. 
Experimental studies of sprue by Ca-t'e and 
Rhoads (1) est.iblishe:! the f.ict th.'.t t!;e arutelv 
inf:amm.ator)’ cha.nges in the ruu:'';:- rr,'. nd.rar.e- 
are quite as suscet'tiMe to cure by ih.e adrr'e.i' trr.- 
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tion of yeast extract as is the hematological syn- 
drome of macrocytic anemia. It seems probable, 
therefore, that the inflammatory lesion of the 
mucous membrane is due to a lack in intake of, 
or an inability to utilize, some constituent of yeast. 
It is inferred, from the symptomatology, that the 
lesions of the mucous membrane seen in the oral 
cavity are simply visible examples of similar le- 
sions throughout the gastro-intestinal tract. The 
conclusion is drawn that these changes so alter 
the gastric mucosa that it is unable to secrete a 
ferment capable of converting the essential prin- 
ciple of yeast extract into a substance required to 
effect hematopoiesis. 

If this hypothesis is true, a method of repro- 
ducing the pathological states under discussion is 
apparent. Diets should be so arranged as to omit 
the required constituent of brewers’ yeast. Un- 
fortunately, such a procedure is impossible at 
present because the identification of that constitu- 
ent has not been achieved. Hence, artificial diets, 
lacking only that substance, cannot be supplied. 
Another experimental approach exists, however, 
in the study of those pathological states in animals 
which may be prevented or cured by that fraction 
of brewers’ yeast which is curative in man. The 
significance of such experiments would be more 
definite if the condition in the animal presented 
some symptomatic similarity to the disease of 
human beings under discussion. Such a condition 
is at hand in canine black-tongue. 

The literature bearing on the subject of black- 
tongue in dogs has been recently reviewed by the 
authors (2) and need not be discussed here. It 
suffices to state that, as originally described, it is 
an acute disease, characterized by stomatitis, glos- 
sitis, salivation, diarrhea and prostration. It is 
nearly always fatal if untreated, or if treated late. 
A decrease in the number of circulating poly- 
morphonuclear leukocytes is frequently a terminal 
feature (3). 

As shown by Goldberger and Wheeler (4), 
black-tongue can be produced at will in dogs by 
feeding a diet composed principally of corn meal, 
but also containing casein, sugar, cottonseed oil, 
cod liver oil, and a salt mixture. It may be pre- 
vented, or, if treated in the early stages, cured, 
by yeast or meat, or less certainly by a variety of 
foodstuffs, mostly of animal origin. The factor 


preventing black-tongue is resistant to autoclaving. 
A rough parallelism was shown to exist between 
the distribution of the heat-labile, water-soluble, 
anti-neuritic vitamin B and the factor preventing 
black-tongue. The latter was thus held to be a 
part of the vitamin B complex, and, as such, it 
was tentatively identified with vitamin B,, a term 
later changed by certain authors to vitamin G. 

The nature and action of vitamin B, (G) is 
still not completely clear. As applied to any ther- 
mostable fraction of foodstuffs possessing biologi- 
cal activity, it clearly may include a variety of 
substances of different composition and action. 
The accepted method of both qualitative and quan- 
titative estimation of vitamin Bg (G) is based 
upon the power of that vitamin to promote growth 
of young rats fed diets complete except for the 
thermostable factor. Direct comparison of the 
factor preventing black-tongue and the one pro- 
moting rat-growth has unfortunately received lit- 
tle study, and it is still not certain whether those 
two factors are or are not identical. 

The authors (2) reported hematological studies 
of dogs in which chronic recurrent black-tongue 
was caused. This was effected by slight changes 
in the diet producing black-tongue, and by treat- 
ing insufficiently the acute phase of the disease. 
In those animals an anemia of moderate degree 
appeared which was frequently macrocytic in type. 
In its response to oral therapy it presented certain 
points of similarity to the anemia of sprue and 
pernicious anemia. The pathological changes in 
the mouth, tongue and bone marrow’ resembled 
those of sprue and pernicious anemia. In certain 
respects, however, the likeness was not complete. 
The anemia produced in the experimental animal 
was not progressive, it was not constant, it was 
associated with neither hyperbilirubinemia nor 
achlorhydria, and it was not relieved by the paren- 
teral administration of liver extract. Further- 
more, it appeared that the dog, due to a certain 
characteristic of the species, was not suitable for 
the production of a pathology identical with that 
of the human disease. 

We have discussed somewhat the mode of pro- 
duction of the gastric dysfunction %vhich precedes 
the hematological changes of pernicious anemia. 
This dysfunction has been attributed to an insuf- 
ficiency in intake or utilization of some constituent 
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of yeast. If this is correct, the similar changes 
in the mucous membrane of canine black-tongue 
should be followed by gastric achlorhydria and 
loss of the hematopoietic power of the gastric 
juice, since a similar fraction of yeast is prophy- 
lactic and therapeutic in that condition. Experi- 
mentally, this was not the case in the dog. Achlor- 
hydria occurred, but only irregularly and as a late 
event. The hematopoietic power of the gastric 
juice could not be estimated because it was found 
that such a power is not possessed by the gastric 
secretion of normal dogs. Furthermore, Richter, 
Ivy and Meyer (5) showed that dried, defatted 
dog’s stomach does not possess the hematopoietic 
effect which is present in high concentration in 
swine stomach. As would be expected if the anti- 
anemia effect of liver were due to a stored product 
dependent partly upon the activity of a gastric 
enzyme for its formation, Strauss and Castle (6) 
found canine liver to be low in anti-pemicious- 
anemia power. This fact has been confirmed by- 
Richter, I-vy and Meyer (5). 

This being the case, it was dear that by ex- 
periments on dogs one of the major aims of the 
study could not be attained, i.e., an induced in- 
ability of the animal stomach to secrete anti- 
anemic factor, since in the dog no considerable 
amount of that factor is present under normal 
conditions. It is present normally in swine, how- 
ever, as shown by the employment of hog’s stom- 
ach as a commercial preparation for the treatment 
of pernicious anemia. Hence, it was dedded to 
continue the study, substituting the swine for the 
dog as an experimental animal. 

Emaw OF LITERATURi; 

The literature on the attempted experimental produc- 
tion of anemia in animals may be discussed under several 
headings. 

Gastric dj-sfunction is a prominent etiological factor in 
pernicious anemia and in sprue; furthermore, the former 
has been reported to follow extirpation of tlie stomach in 
human beings. Elaborate experiments involving gastric 
resection in animals have been reported by Maison and 
I'T (7), and in their publications the literature bearing 
on the subject has been thoroughly reriewed and dis- 
cussed. It sufhecs to state here th.at gastrectomy in rats, 
PiRs and dogs results only in a hypochromic anemia which 
IS curable by iron. Some other factor than the gastric 
IS clearly required for the production of an anemia c; the 
macrocs-tic ts-pe. That this other factor may halve to do 
"ith the intestine was suggested by Maison and Isy (7). 


and this suggestion is supported by the observations of 
Seyderhelm et al. (8). The latter produced a macrocytic 
anemia in dogs by causing a stenosis of the small intestine. 
That the extra-gastric factor is not wholly a lad: of an 
intestinal secretion is suggested by unpublished experi- 
ments in this laboratory. All but a few centimeters of 
the ileum of dogs was resected -with the resultant pro- 
duction of only a mild hypochromic anemia. Apparently, 
some disorder involving both the stomach and intestine is 
required to produce the desired result This may e.xp!ain 
the observations of Brown (9), who found that pemidous 
anemia was almost invariably assodated with lesions of 
the gastro-intestinal tract but that the lesions might be 
located at almost any level and might be of almost any 
type. 

Experiments dealing with the production of nutritional 
anemia in animals have recently been reviewed by Da%'id- 
son and Leitch (10), The microcytic anemias resulting 
from the feeding of diets poor in iron or copper are well 
known, but have little application to the problem under 
discussion. Both iron and copper defidendes are asso- 
ciated with a greater reduction of hemoglobin than of 
erythrocytes, and are specifically relie%-ed by the ad- 
ministration of the laciring elemenL The anemias found 
in man assodated with the conditions under discussion are 
not so characterized. A hypochromic or microcytic ane- 
mia occurs in the experimental blood dyscrasias which 
depend for their production upon depletion of the available 
hemoglobin stores by bleeding. E.xperi.ments of that type 
have been e-xhaustiyelj' studied by Whipple and Robseheit- 
Robbins (11). The anemia produced was not entirely 
due to a lack of iron, although the administration of iron 
accelerated the production of hemoglobin. Some other 
factor was presumably involved, since tlie dogs had been 
fed 3 somewhat restricted diet, and certain foodstuffs 
added to the diet were effective, exclusive of their iron 
content, in causing increase of hemoglobin in the blood. 

The work of ^^cGowa^ and Sinclair (12) has a definite 
bearing upon the studies here presented. He obsem-cd 
that young pigs kept on a ration of corn, fish meal and 
draff became ill with anemia, damage to the liver. Jaun- 
dice and changes in the bone marrow. The anemia was, 
in many instances, of the macrocsnic type, and fo!Io-.v:ng 
the administration of raw liver rcticu'ocj'lc rises occurred, 
with subsequent cure. Tlie;.' state that during the height 
of the anemia the femoral marrow was red and cellular. 
It became fatty once more as reco-.-erj- proceeded, More- 
over, gastric Juice obtained a: postmortem, in one ir.st-encc 
was des-oid of free hydrochloric acid. Unfor!u.n.i:eiy. r.'i 
detailed studies of the cemposition of ll;e diet, c; th.c 
histology of the bone marrow, of the possude chnr.rej 
in gastric secretion, or c: tl-.e comparative effects c; 
\arious therapeutic m.ethods, were rcp<'rted. 

The extensive literature dealing with the c;.-rept:'o 
that canine black-tcngue is to be rererded at. e.-perim.-nml 
pellagra, and with the content c; tr.e factor prm.nr' r- 
black-tcngue in •.aricus f^fitui:!, fas leer, referref t • 
and needs no review here. The effect en tie f--':-,: m- 
creticn c: dc-gs from feeding diets def.cs-nt in. sha"- '; h, 
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has been described by Cowgill and Gilman (13). Changes 
in the central nervous systems of dogs fed diets deficient 
in vitamin B 2 (G) rather than in anti-neuritic vitamin 
have been published by Zimmerman and Burack (14), 
Since the diet used in the experiments reported in this 
communication produced canine black-tongue, but was 
found to contain both of these essential food substances 
when tested on the rat, it is difficult to evaluate the per- 
tinence of those previous studies in which there was an 
almost complete lack of the vitamin B fractions. 

METHODS 

Swine weighing from 11 to 13 kgm., and of both sexes, 
were used. The animals were kept in individual cages 
during the winter, but were in a single pen in the open 
air during the summer months; with this exception, the 
conditions were uniform. Shavings were employed as 
bedding. No attempt was made to prevent coprophagy. 
The animals were fed daily and were allowed to eat as 
much as they desired. The experimental diet used was a 
modification of the Goldberger and Wheeler (4) diet No. 
123 which produces black-tongue. It consisted of the 
materials shown in Table A. 


TABLE A 

Composition of experimental diet 


Articles of diet 

Quan- 

tity 

Nutrients 

Pro- 

tein 

Fat 

Carbo- 

hydrate 


grams 

grams 

grams 

grams 

Corn meal 

400 

33.6 

18.8 

296.0 

California black-eyed peas . . 

SO 

10.7 

0.7 

30.4 

Casein (purified) 

60 

52.0 



Cane sugar 

32 



32.0 

Cottonseed oil 

15 


30.0 


Cod-liver oil 

30 


15.0 


Rice polishings 

40 




Sodium chloride 

3 




Calcium carbonate 

10 




Total nutrients 


96.3 

64.5 

358.4 

Nutrients per 1000 calories. . 


40.1 

26.9 

149.3 


In order to ascertain the effect of a deficiency of vita- 
mins, other than of the water-soluble vitamin B complex, 
control experiments were performed. Swine similar to 
those used in the major experiment were kept under 
similar conditions and were fed a diet which was vitamin 
deficient, but was otherwise adequate. By adding suitable 
supplementary materials this diet could be made deficient 
in any single vitamin or combination of vitamins which it 
was desired to study. The basal diet used was the one 
recommended by Cowgill and Gilman (13) and consisted 
of the ingredients shown in Table B. 

Erythrocyte counts, hemoglobin determinations, white 
cell counts and estimations of the mean corpuscular vol- 
ume were made weekly as a routine and more frequently 
if indicated. All determinations were made on blood 


TABLE B 

Composition of basal diet 

Casein (purified) 

Cane sugar [ ] [ 

Lard 

Bone ash 

Salt mixture (Mendel and Underhill) . . 
Water 


35.4 grams 
27.0 grams 
21.6 grams 

2.4 grams 
2.4 grams 

12.2 grams 


from the femoral vein. The erythrocytes were counted 
in the usual manner, using pipettes certified for accuracy 
by the U. S. Bureau of Standards. The hemoglobin de- 
terminations were made by the Sahli acid hematin method, 
using calibrated tubes and standards which were fre- 
quently checked by the Van Slyke (15) method of deter- 
mining O 2 capacity. The mean corpuscular volume was 
calculated by the hematocrit method of Wintrobe (16). 
Reticulocytes were stained by allowing the wet blood 
smear to come in contact with dry brilliant cresyl blue 
stain. They were later counterstained by Wright’s 
method. 

Studies of the gastric secretion were made on all the 
animals at two-week intervals. Only two samples were 
examined, one obtained from the fasting stomach and a 
second withdrawn from 20 to 30 minutes after the intra- 
muscular injection of histamine. These specimens were 
titrated in the usual way with 0.1 normal NaOH, using 
Topfer’s reagent and phenolphthalein as indicators. Con- 
trol studies of the histology of the bone marrow of the 
experimental animals were made on tissue removed at 
operation from the femur.i 
All of the swine were autopsied, at which time speci- 
mens of various tissues including the bone marrow were 
fixed in Zenker’s fluid containing 5 per cent acetic acid 
as well as in a 10 per cent solution of formaldehyde in 
Zenker’s fluid. The tissues fixed in the Zenker’s fluid 
with acetic acid were stained with eosin and methylene 
blue. Material fixed by other fluids was stained by the 
Giemsa method as modified by Wolbach (17). 

Gastric juice in amounts sufficient to allow it to be 
tested for its content of anti-pernicious-anemia substance 
was obtained from individual swine which had been al- 
lowed no food for twenty-four hours. A stomach tube 
was inserted and the fasting gastric content was removed 
and discarded. One cubic centimeter of a 1 : 1000 dilution 
of histamine was then injected intramuscularly and all 
the fluid secreted in response to that stimulus was col- 
lected. Great care was exercised to keep the gastric 
juice cold and strongly acid until it was used. 

In preparing the mixtures of gastric juice and yeast 
extract, the juice was first filtered through fine gauze. 
Twelve grams of yeast extract (Vegex -) were then sus- 
pended in each 150 cc. of the fluid. The mixture was 
incubated at 37.5° for one hour, its pH adjusted to 6 with 
concentrated NaOH and the material fed immediately to 
patients with pernicious anemia. 

1 All surgical procedures were carried out under full 
ether anesthesia. 

= Supplied through the courtesy of Vegex, Inc., New 
York City. 
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The livers of achlorhydric, anemic swine, as well as of 
normal controls, were extracted in order to test their 
anti-pemicious-anemia effect. The method of extraction 
was that described by Cohn, McMeekin and Minot (18). 
The fresh liver was ground into water and the resulting 
suspension was brought to a concentration of 70 per cent 
alcohol. The filtrate v.-as then concentrated in vacuo 
and brought to a concentration of 95 per cent alcohol by 
the addition of a suitable amount of absolute alcohoL 
The resultant precipitate was dissolved in water, neu- 
tralized, filtered and sterilized by boiling to prepare it 
for injection. 

The content of vitamin B in the Goldberger diet tned 
in these experiments tos determined by testing its power 
to promote growth in young rats. A standard procedure 
was employed. Animals weighing from 40 to SO grams 
were fed immediately after weaning a basal diet deficient 
in vitamin B. They were fed only this diet for two 
weeks in order to ensure the complete depletion of the 
body store of vitamin B, and Bi (G). After that time 
they were fed only the diet which produces black-tongue. 
The animals were weighed weekly and the rate of gain 
in weight was compared with that of rats fed a normal 
diet at the same season of the year. These latter data 
were obtained from the report of Levene (19). 

RESULTS 

A certain number of swine died suddenly, either 
before or shortly after blood changes had occurred. 
Some of these deaths were due to acute infec- 
tions, while others could not be explained at post- 
mortem examination. Such animals are not in- 
cluded in the experimental results. 

In all the surviving swine a well defined symp- 
tom-complex appeared which presented certain 
similarities to canine black-tongue, but which was 


in no instance absolutely identical m’th that dis- 
ease. The most striking manifestations were 
stomatitis, achlorhydria and anemia. Diarrhea, 
loss of appetite and weakness also occurred with 
fair regularity. On the basis of the type of the 
anemia, two distinct types of reaction were ob- 
served. In one, there was an increase in the 
average red cell diameter and in the hemoglobin 
content of each indiwdual erv-throcj-te ; and in the 
other, the reverse was true, namely, the average 
red blood cell was smaller and its hemoglobin 
content was less than normal. Accordingly, one 
group was designated as that with macrocj'tic 
anemia, and the other as the microcntic-anemia 
group. 

The control animals on the basal diet failed 
to develop either the sj-mptoms or the hemato- 
logical changes which were so constant in the 
swine fed the diet producing black-tongue. Fur- 
thermore, the pathological changes of the bone 
marrow were wholly dissimilar. 

SYMPTOMATOLOGY 

A tabulation of the symptoms as they occurred 
in the strine of both the macrocj'tic- and micro- 
cjtic-anemia groups is presented in Table I. With 
the exception of diarrhea, the disease manifesta- 
tions other than hematological occurred more fre- 
quently in the group of animals which developed 
the macrocjtic type of anemia. There was a 
striking tendenc}- to remission and e.xacerbation 
of sj-mptoms. 


TABLE I 
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has been described by Cowgill and Gilman (13). Changes 
in the central nervous systems of dogs fed diets deficient 
in vitamin B 2 (G) rather than in anti-neuritic vitamin 
have been published by Zimmerman and Burack (14). 
Since the diet used in the experiments reported in this 
communication produced canine black-tongue, but was 
found to contain both of these essential food substances 
when tested on the rat, it is difficult to evaluate the per- 
tinence of those previous studies in which there was an 
almost complete lack of the vitamin B fractions. 

METHODS 

Swine weighing from 11 to 13 kgm., and of both sexes, 
were used. The animals were kept in individual cages 
during the winter, but were in a single pen in the open 
air during the summer months; with this exception, the 
conditions were uniform. Shavings were employed as 
bedding. No attempt was made to prevent coprophagy. 
The animals were fed daily and were allowed to eat as 
much as they desired. The experimental diet used was a 
modification of the Goldberger and Wheeler (4) diet No. 
123 which produces black-tongue. It consisted of the 
materials shown in Table A. 


TABLE A 

Composition of experimental diet 


Articles of diet 

Quan- 

tity 

Nutrients 

Pro- 

tein 

Fat 

Carbo- 

hydrate 


grams 

grams 

grams 

grams 

Corn meal 

400 

33.6 

18.8 

296.0 

California black-eyed peas . . 

50 

10.7 

0.7 

30.4 

Casein (purified) 

60 

52.0 



Cane sugar 

32 



32.0 

Cottonseed oil 

15 


30.0 


Cod-liver oil 

30 


15.0 


Rice polishings 

40 




Sodium chloride 

3 




Calcium carbonate 

10 




Total nutrients 


96.3 

64.5 

358.4 

Nutrients per 1000 calories. . 


40.1 

26.9 

149.3 


In order to ascertain the effect of a deficiency of vita- 
mins, other than of the water-soluble vitamin B complex, 
control experiments were performed. Swine similar to 
those used in the major experiment were kept under 
similar conditions and were fed a diet which was vitamin 
deficient, but was otherwise adequate. By adding suitable 
supplementary materials this diet could be made deficient 
in any single vitamin or combination of vitamins which it 
was desired to study. The basal diet used was the one 
recommended by Cowgill and Gilman (13) and consisted 
of the ingredients shown in Table B. 

Erythrocyte counts, hemoglobin determinations, w’hite 
cell counts and estimations of the mean corpuscular vol- 
ume were made weekly as a routine and more frequently 
if indicated. All determinations were made on blood 


TABLE B 

Composition of basal diet 

Casein (purified) 

Cane sugar 

Lard ' 

Bone ash 

Salt mixture (Mendel and Underhill) ’. 1 
Water 

from the femoral vein. The erythrocytes were counted 
in the usual manner, using pipettes certified for accuracy 
by the U. S. Bureau of Standards. The hemoglobin de- 
terminations were made by the Sahli acid hematin method, 
using calibrated tubes and standards which were fre- 
quently checked by the Van Slyke (IS) method of deter- 
mining O 2 capacity. The mean corpuscular volume was 
calculated by the hematocrit method of Wintrobe (16). 
Reticulocytes were stained by allowing the wet blood 
smear to come in contact with dry brilliant cresyl blue 
stain. They were later counterstained by Wright’s 
method. 

Studies of the gastric secretion were made on all the 
animals at two-week intervals. Only two samples were 
examined, one obtained from the fasting stomach and a 
second withdrawn from 20 to 30 minutes after the intra- 
muscular injection of histamine. These specimens were 
titrated in the usual way with 0.1 normal NaOH, using 
Topfer’s reagent and phenolphthalein as indicators. Con- 
trol studies of the histology of the bone marrow of the 
experimental animals were made on tissue removed at 
operation from the femur.^ 

All of the swine were autopsied, at which time speci- 
mens of various tissues including the bone marrow were 
fixed in Zenker’s fluid containing 5 per cent acetic acid 
as well as in a 10 per cent solution of formaldehyde in 
Zenker’s fluid. The tissues fixed in the Zenker’s fluid 
with acetic acid were stained with eosin and methylene 
blue. Material fixed by other fluids was stained by the 
Giemsa method as modified by Wolbach (17). 

Gastric juice in amounts sufficient to allow it to be 
tested for its content of anti-pernicious-anemia substance 
was obtained from individual swine which had been al- 
lowed no food for twenty-four hours. A stomach tube 
was inserted and the fasting gastric content was removed 
and discarded. One cubic centimeter of a 1 : 1000 dilution 
of histamine was then injected intramuscularly and all 
the fluid secreted in response to that stimulus was col- 
lected. Great care was exercised to keep the gastric 
juice cold and strongly acid until it was used. 

In preparing the mixtures of gastric juice and yeast 
extract, the juice was first filtered through fine gauze. 
Twelve grams of yeast extract (Vegex -) were then sus- 
pended in each 150 cc. of the fluid. The mixture was 
incubated at 37.5° for one hour, its pH adjusted to 6 with 
concentrated NaOH and the material fed immediately to 
patients with pernicious anemia. 

lAll surgical procedures were carried out under full 
ether anesthesia. 

2 Supplied through the courtesy of Vegex, Inc., New 
York City. 
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The livers of achlorhydric, anemic swine, as well as of 
normal controls, were extracted in order to test their 
anti-pemicious-anemia effect The method of extraction 
was that described by Cohn, McMeekin and Minot (18). 
The fresh liver was ground into water and the resulting 
suspension was brought to a concentration of 70 per cent 
alcohol. The filtrate was then concentrated in vacuo 
and brought to a concentration of 95 per cent alcohol by 
the addition of a suitable amount of absolute alcohol. 
The resultant precipitate was dissolved in water, neu- 
tralized, filtered and sterilized by boiling to prepare it 
for injection. 

The content of vitamin B in the Goldberger diet used 
in these experiments was determined by testing its power 
to promote growth in young rats. A standard procedure 
was employed. Animals weighing from 40 to 50 grams 
were fed immediately after weaning a basal diet deficient 
in vitamin B. They were fed only this diet for two 
weeks in order to ensure the complete depletion of the 
body store of vitamin B, and B- (G). After that time 
thej' rvere fed only the diet which produces black-tongue. 
The animals were weighed weeklj' and the rate of gain 
in weight was compared with that of rats fed a normal 
diet at the same season of the year. These latter data 
were obtained from the report of Levene (19). 

RESULTS 

A certain number of swine died suddenly, either 
before or shortly after blood changes had occurred. 
Some of these deaths tvere due to acute infec- 
tions, while others could not be explained at post- 
mortem examination. Such animals are not in- 
cluded in the experimental results. 

In all the surviving sw’ine a well defined symp- 
tom-complex appeared which presented certain 
similarities to canine black-tongue, but which was 


in no instance absolutely identical with that dis- 
ease. The most striking manifestations were 
stomatitis, achlorhydria and anemia. Diarrhea, 
loss of appetite and weakness also occurred with 
fair regularity. On the basis of the type of the 
anemia, two distinct types of reaction were ob- 
served. In one, there was an increase in the 
average red cell diameter and in the hemoglobin 
content of each individual er^-throente ; and in the 
other, the reverse was true, namely, the average 
red blood cell was smaller and its hemoglobin 
content was less than normal. Accordingty, one 
group was designated as that with macrocytic 
anemia, and the other as the microatic-anemia 
group. 

The control animals on the basal diet tailed 
to develop either the symptoms or the hemato- 
logical changes which were so constant in the 
swine fed the diet producing black-tongue. Fur- 
thermore, the pathological changes of the bone 
marrow were wholly dissimilar. 

SYM PTOM ATOLOGY 

A tabulation of the sjTnptoms as they occurred 
in the swine of both the macrocytic- and micro- 
cytic-anemia groups is presented in Table 1. With 
the e.xception of diarrhea, the disease manifesta- 
tions other than hematological occurred more fre- 
quently in the group of animals which developed 
the macroctyic t\-pe of anemia. There was a 
striking tendency to remission and exacerbation 
of symptoms. 


TABX.E 1 

The inctder.ee and time of appearance of symptoms in the three experimental groups of s-sir.e 


Group I macrocytic anemia 

Group II microcytic anemia 
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Oral lesions. Of the nine animals in the first, 
or macrocytic-anemia group, five had lesions of 
the lingual, buccal or pharyngeal mucous mem- 
brane. Only one animal of the six included in 
the second, or microcytic-anemia group, showed 
similar changes. The most common lesion was a 
circumscribed ulceration, most commonly of the 
lower lip or tongue, showing a red indurated 
border and base, and a yellow necrotic center. 
There was little or no localized injection about 
these ulcers. In the early stages the lesions were 
usually very small, measuring 0.2 mm. to 0.5 mm. 
in diameter. As they progressed, they coalesced 
to form large necrotic areas which were occa- 
sionally 1 to 2 cm. in diameter. At that stage the 
ulcers were surrounded by faintly injected tissue, 
the margins were elevated, and the centers sharply 
depressed. The lesions healed slowly and often 
left residual scars. The time of appearance of 
ulceration varied considerably ; in several of the 
animals it appeared in the fifth or sixth week after 
the experimental feeding was begun, while in 
others it occurred much later. There seemed to 
be a definite relation between the appearance of 
these lesions and the development of other symp- 
toms, and in certain instances recurrent ulceration 
was a feature. 

Glossitis was seen in only two animals, both of 
which were in the first group. The earliest mani- 
festation was redness of the tongue along the 
borders and over the tip. In a few days atrophy 
of the papillae in those regions developed, leaving 
a smooth glossy surface. After a brief interval 
the redness faded, and the papillae regenerated. 
The changes were very similar to those described 
in chronic canine black-tongue. 

Gastro-intestinal disturbances. The animals ate 
well until the onset of severe mouth lesions, when 
the food was taken reluctantly and at times re- 
fused. The majority of the animals did not lose 
weight until late in the disease. Diarrhea oc- 
curred in all of the animals of both groups. The 
stools were voluminous, soft and yellow in color. 
The animals, although not full-grown, failed to 
gain weight after the first few weeks following 

the institution of the diet. 

Disturbance of motor function. Three of the 
: jts which developed macrocytic anemia, and 
one animal showing microc}tic anemia, developed 


striking motor weakness of the limbs during the 
course of the disease. The earliest manifestation 
was unsteadiness of the gait, which progressed 
until there was an apparently complete loss of 
motor function of the extremities. The forelegs 
were the last to be involved. Treatment with in- 
tramuscularly injected liver extract was effective 
in relieving the weakness, whereas no effect was 
observed following oral treatment with large 
amounts of a potent vitamin Bt concentrate.® 
Hence, it appears that this symptom was not due 
to a lack of the anti-neuritic vitamin. 

Achlorhydria 

Control gastric analyses done at the beginning 
of the experimental feeding demonstrated the 
presence of free hydrochloric acid in the gastric 
juice of all the animals, either in the fasting con- 
tents or in the specimen obtained after the injec- 
tion of histamine. In Table I are presented for 
all the animals the time of disappearance of free 
hydrochloric acid from the gastric juice after the 
injection of histamine. Seven of the animals of 
the first group developed a complete achlorhydria 
during the experimental feeding. In every in- 
stance except one the achlorhydria was persistent. 
The time at which it appeared was variable. Four 
of the animals of the second, or microcytic-anemia 
group, developed a similar achlorhydria, a change 
which preceded the appearance of anemia in every 
instance. 

Anemia 

Anemia occurred in all of the swine which 
survived more than two months. The classifica- 
tion of the anemia into two groups, according to 
the size and hemoglobin content of the erythro- 
cytes, has been discussed. Nine of the fifteen 
animals presented developed a macrocytic anemia, 
and six developed the microcytic type. 

GROUP I. MACROCYTIC ANEMIA 

The maximum variation in blood values ob- 
served in the nine animals of this group, together 
with their original blood levels, are presented in 
Table II. In each instance the mean corpuscular 
volume and the color index were higher at the 
low point of the anemia than at the comraence- 

® Rice polishings concentrate furnished through the 
courtesy of the Burroughs Wellcome Company, Tuckahoc, 
New York. 
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TABLE n 

The maximum varialions in blood levels in Ike group of svoir.e zvilk mccrocy'.ic anemia. 
Group I. Macroeyiic anemia 


Swine 

Blood studies before experimental diet 
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• MCV = mean corpuscular volume. 

Cl = color index. 

1 100 per cent Hgb, = 20.6 volumes per cent Oj capacity. 


ment of the experimental feeding, changes in 
keeping ivith the fact that the red blood cell count 
showed a greater proportionate decrease than did 
the hemoglobin level. 

At the outset the average er 3 ’throc)’te count of 
all the animals of this group was 7,740,000, and 
the average hemoglobin level was 82 per cent. 
At the same time, the average mean corpuscular 
volume was 4S.2 cubic microns, and the average 
color index was .534. At the low point of the 
anemia, the average erjThrocj'te count of all the 
animals was 3,660,000, or a decrease of 53 per 
cent. The average hemoglobin level was 46.3 per 
cent, or a decrease of 43.5 per cent. At the same 
time, there occurred an increase in the average 
mean corpuscular volume from 48.2 to 59.5 cubic 
microns, or an increase of 23.5 per cent. The 
average color index increased from .534 to .653, 
or an increase of 22.4 per cent. The dispropor- 
tion between the number of erjthrocA'tes and 
hemoglobin levels was reflected in the increase in 
the size of the average red blood cell and in the 
increase in its hemoglobin content. 

PROTOCOLS OF TYPICAL EXPERIMENTS 
Szr.r.r number 2, Figure 1 
1953 

June S Weizht 13j kgm. Feeding of experimental 
diet begun. 

June 12 R.B.C 7.75 Hgb. g9C' MCV -te.O Cl F7B 
W.B.C. 24,SCO 





Free 

T ala! 

June 20 

Gastric analj’sis : Vol. 

HCl 

acid. 
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37S 



30' p Histamine 30 cc. 
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£6J 
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Weight 13.9 kgm. No symptoms. 
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days. 
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Ten cc. ox a rice polishings concentrate by 
mouth has been administered daiK- for f.vo 
days. The diarrhea has ceased. 

Aug. 10 Iron ammonium citrate 1 gram daily has been 
added to the diet. 

.Aug. IS The animal has been sympto.-naticaliy v.-cll 
and now has a severe a.".emi.-.. 

R.B.C. 3£6 Hgb. ZATc MCV 63.0 Cl TtO 
Weight 12.9 kgm. 

.Aug. 29 The anemia persists but the animal appears 
to be well cther.vise. 


Sept. 10 
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except for anemia. 
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Oral lesions. Of the nine animals in the first, 
or macrocytic-anemia group, five had lesions of 
the lingual, buccal or pharyngeal mucous mem- 
brane. Only one animal of the six included in 
the second, or microcytic-anemia group, showed 
similar changes. The most common lesion was a 
circumscribed ulceration, most commonly of the 
lower lip or tongue, showing a red indurated 
border and base, and a yellow necrotic center. 
There was little or no localized injection about 
these ulcers. In the early stages the lesions were 
usually very small, measuring 0.2 mm. to 0.5 mm. 
in diameter. As they progressed, they coalesced 
to form large necrotic areas which were occa- 
sionally 1 to 2 cm. in diameter. At that stage the 
ulcers were surrounded by faintly injected tissue, 
the margins were elevated, and the centers sharply 
depressed. The lesions healed slowly and often 
left residual scars. The time of appearance of 
ulceration varied considerably; in several of the 
animals it appeared in the fifth or sixth week after 
the experimental feeding was begun, while in 
others it occurred much later. There seemed to 
be a definite relation between the appearance of 
these lesions and the development of other symp- 
toms, and in certain instances recurrent ulceration 
was a feature. 

Glossitis was seen in only two animals, both of 
which were in the first group. The earliest mani- 
festation was redness of the tongue along the 
borders and over the tip. In a few days atrophy 
of the papillae in those regions developed, leaving 
a smooth glossy surface. After a brief interval 
the redness faded, and the papillae regenerated. 
The changes were very similar to those described 
in chronic canine black-tongue. 

G astro-intestinal disturbances. The animals ate 
well until the onset of severe mouth lesions, when 
the food was taken reluctantly and at times re- 
fused. The majority of the animals did not lose 
weight until late in the disease. Diarrhea oc- 
curred in all of the animals of both groups. The 
stools were voluminous, soft and yellow in color. 
The animals, although not full-grown, failed to 
gain weight after the first few weeks following 
the institution of the diet. 

Disturbance of motor function. Three of the 
animals which developed macrocytic anemia, and 
one animal showing microc}i;ic anemia, developed 


striking motor weakness of the limbs during the 
course of the disease. The earliest manifestation 
was unsteadiness of the gait, which progressed 
until there was an apparently complete loss of 
motor function of the extremities. The forelegs 
were the last to be involved. Treatment with in- 
tramuscularly injected liver extract was effective 
in relieving the weakness, whereas no effect was 
observed following oral treatment with large 
amounts of a potent vitamin Bi concentrate.^ 
Hence, it appears that this symptom was not due 
to a lack of the anti-neuritic vitamin. 

Achlorhydria 

Control gastric analyses done at the beginning 
of the experimental feeding demonstrated the 
presence of free hydrochloric acid in the gastric 
juice of all the animals, either in the fasting con- 
tents or in the specimen obtained after the injec- 
tion of histamine. In Table I are presented for 
all the animals the time of disappearance of free 
hydrochloric acid from the gastric juice after the 
injection of histamine. Seven of the animals of 
the first group developed a complete achlorhydria 
during the experimental feeding. In every in- 
stance except one the achlorhydria was persistent. 
The time at which it appeared was variable. Four 
of the animals of the second, or microcytic-anemia 
group, developed a similar achlorhydria, a change 
which preceded the appearance of anemia in every 
instance. 

Anemia 

Anemia occurred in all of the swine which 
survived more than two months. The classifica- 
tion of the anemia into two groups, according to 
the size and hemoglobin content of the erythro- 
cytes, has been discussed. Nine of the fifteen 
animals presented developed a macrocytic anemia, 
and six developed the microcytic type. 

GROUP I. MACROCYTIC ANEMIA 
The maximum variation in blood values ob- 
served in the nine animals of this group, together 
with their original blood levels, are presented in 
Table II. In each instance the mean corpuscular 
volume and the color index were higher at the 
low point of the anemia than at the commence- 

3 Rice polishings concentrate furnished through the 
courtesy of the Burroughs Wellcome Company, Tuc a oe, 
New York. 
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TABLE n 

The maximum xarialions in blood levels in Ike group of syrir.e with mccrocyiic cr^mia. 
Group I. Macrocylic anemia 
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Blood studies before erperirnental diet 
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• MCV = mean corpuscular volume. 

Cl = color index. 

t loo per cent Hgb. = 20.6 volumes per cent Oj capacity. 


ment of the experimental feeding, changes in 
keeping with the fact that the red blood cell count 
showed a greater proportionate decrease than did 
the hemoglobin level. 

At the outset the average er}'throc}’te count of 
all the animals of this group was 7,740,000, and 
the average hemoglobin level was 82 per cent. 
At the same time, the average mean corpuscular 
volume was 48.2 cubic microns, and the average 
color index was .534. At the low point of the 
anemia, the average erjThrocj'te count of all the 
animals was 3,660,000, or a decrease of 53 per 
cent. The average hemoglobin level was 46.3 per 
cent, or a decrease of 43.5 per cent. At the same 
time, there occurred an increase in the average 
mean corpuscular volume from 48.2 to 59.5 cubic 
microns, or an increase of 23.5 per cent. The 
average color index increased from .534 to .653. 
or an increase of 22.4 per cent. The dispropor- 
tion between the number of erj-throcrtcs and 
hemoglobin levels was reflected in the increase in 
the size of the average red blood cell and in the 
increase in its hemoglobin content. 

PROTOCOLS OF TYPIC\L EXPERIMENTS 
Sxcine number 2, Figure 1 
1933 

.Tur.c 5 Weight 13J kgm. Feeding of experimental 
diet begu.n. 

June 12 R.B.C 7.73 Hgb. SOfr MCV 43.0 Cl J75 
W.B.C 24,S.0J 





Free 

Total 

June 20 

Gastric analj-sis: 

Vol. 

HCl 

acid. 


Fasting 

30 cc. 

10.0 

373 


30" p Histamine 

30 cc. 

363 

563 

June 27 

Weight 13.9 kgm. 

No symptoms. 


July 5 

Diarrhea has been present for 

four 

days. 


R-B.C. 531 Hgb. 52% MCV 48.0 

Cl .490 

July 13 

Gastric analysis : 


Free 

Total 

Vol. 

HCl 

add. 


Fasting 

15 cc. 

0 

143 


30' p Histamine 

19 cc 
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273 


Ten cc. of a rice polishings concentrate bv 


Aug. 10 
Aug. 15 


Aug. 29 
Sept. 10 
Sept. 16 


Sept. 20 


uTOi aummisrerea oailv lor two 
days. The diarrhea has ceased. 

Iron ammonium dtrate 1 gram daily has been 
added to the dieL 

The ani.mal has been symptomatically well 
and now has a severe anemia. 

R-B.C. 3.S6 Hgb. 34% MCV 6S.0 Cl .7C0 
Weight 12.9 l:gm. 

The anemia pe.-sists but the animal appears 
to be well otherwise. 

Weight 13.9 l:gm. No evidence of disease 
except for anemia. 

Diet refused. Diarrhea recurred. A concen- 
trate of rice polishings was ad.ministered in 
10 cc. amounts daily by mouth. 

R-B.C. 3i0 Hgb. 50% MCV 63j Cl .715 

Gastric a-nalysis: Hof. HC/ ‘ceiZ 

Fasting 21 cc. 16.6 222 

uo p Histamine 30 cia 59.5 73 6 

Free KC! is now present in the gastri: juire 
z.-.d some im.provem.ent in blood values has 
occurred. 


R.B.C. 4.64 Hgb. 51% 3,fCV 65.5 C; 2:: 
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Sept. 27 The animal is eating poorly and has diarrhea. 

R.B.C. 4.82 Hgb. 60% MCV 55.0 Cl .625 
Oct. 3 There are several small circumscribed ulcers 
of the tongue, lower lip, and pharynx. The 
appetite is poor and the animal appears to be 
ill. 

R.B.C. 4.01 Hgb. 60% W.B.C. 1,600 
MCV 56.0 Cl .750 

Oct. 4 Found dead. Autopsy: There were deep ul- 
cerated lesions of lips, tongue, and pharynx. 
The marrow was deep red and appeared to 
be hyperplastic. 



Fig.. 1. Graph Showing the Changes in Blood 
Levels of Swine 2. 


In this animal (Figure 1) recurrent mouth lesions, di- 
arrhea, anemia and achlorhydria were present for a pe- 
riod of 121 days. The anemia was persistent and was 
accompanied by an increase in the size of the red blood 
cell and its hemoglobin content. No detectable effect 
followed the administration of iron by mouth. A rice 
polishings concentrate which contained a relatively large 
amount of vitamin Bi and very little vitamin Bs ( G) was 
given during the period of achlorhydria, and no immedi- 
ate improvement in the blood values was observed. How- 


ever, later in the experimental period free HCl reap- 
peared in the gastric juice, the same concentrate of rice 
polishings was given and a blood remission ensued. The 
significance of this observ'ation is not clear. 

Szvine number 3 (^Figure 2) 

1934 

March 1 Feeding of experimental diet begun. 

R.B.C. 8.13 Hgb, 80% MCV 46.0 Cl .495 
March 7 Weight 11.8 kgm. 

Free Total 

Gastric analysis: Vol. acid acid. 

Fasting 20 cc, 28 36 

March 24 The animal has been well and has gained 
weight. 

Weight 13.0 kgm. 

April 4 R.B.C. 5.15 Hgb. 52% MCV 47.0 Cl .510 

No evidence of disease is present. 

April 15 The diet is taken poorly. There is smooth- 
ness, atrophy, and moderate redness of the 
tongue. Several small circumscribed punched- 
out ulcers are present on the buccal mucosa. 
The legs are weak. 

April 21 R.B.C. 3.77 Hgb. 36% MCV 45.0 Cl .510 

Diarrhea has been present for 4 or 5 days. 
The appetite is poor and the mouth lesions 
persist. In spite of marked weakness all the 
limbs can be moved. The daily intramuscu- 
lar administration of liver extract in 5 cc. 
amounts was begun today. Reticulocyte 
count 0,6 per cent. 

April 26 There are a very few deep circumscribed ne- 
crotic lesions of tongue and labial mucosa. 
Diarrhea has ceased. 

R.B.C. 3.55 Hgb. 41% MCV 63.0 Cl .585 
Reticulocyte count 7.2 per cent. 

April 28 Apparently complete motor weakness of the 
limbs is present. Mouth rapidly improving. 
No diarrhea. Eating well. 

Reticulocyte count 11.2 per cent. 



Fig. 2. Graph Showing Changes in Blood Levels of Swine 3. 
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April 30 Now regaining the function of hind legs. 
Mouth nearly healed. 

May 1 R.B.C. 3.78 Hgb. 43% MCV 66.0 Cl .590 

ReticulocjTes 12 per cent. 

May 4 Animal in good condition. Eating well and 
is up and about. Mouth healed. Daily in- 
jections of liver extract discontinued. 

Free Total 

May 5 Gastric analysis: Vol. HCl acid. 

Fasting 11 cc. 0 4.7 

30' p Histamine 30 cc. 0 16.9 

May 12 R.B.C. 5.45 Hgb. 58% MCV 56.0 Cl .536 

The animal is now in very good condition. 
May 19 Refused food today. Has frequent volu- 
minous yellow stools. 

R.B.C. 6.04 Hgb. 55% MCV 49.0 Cl .460 
May 24 Liver extract in ten gram amounts has been 
given daily by mouth for four days. The 
animal is now sj^mptom-free. There is no 
diarrhea and the diet is taken well. 

This animal (Figure 2) developed recurrent mouth le- 
sions, a macrocytic anemia and achlorhydria. It sur- 
vived for 111 days. The anemia was relieved by the 
daily intramuscular injection of 2.5 cc. of liver extract 
(Lilly number 343), A reticulocj-te rise of 13.2 per cent 
occurred on the seventh day after the beginning of ther- 
apy, and was followed by improvement of the blood lev- 
els. The red blood cell count rose from 3,550,000 with 
a hemoglobin of 41 per cent to a coimt of 6,040,000 and 
a hemoglobin of SS per cent. There was a marked de- 
gree of weakness of the extremities which disappeared 
after the intramuscular injection of liver extract. 

GROUP II. MICROCYTIC ANEMIA 
The maximum alterations of the blood levels 
obseiA’ed in the six animals of this group, together 
with the original levels, are presented in Table 
III. In five of the swine the mean corpuscular 
volume of the red blood cells was lower during 


the anemia than were the original values, Tlie 
si.xth animal, Number 15, is included in this group 
because the color index was not increased, al- 
though the mean corpuscular volume did not fall 
below the normal level. While none of these ani- 
mals showed an anemia which was markedly mi- 
crociTic in character, yet the contrast to the tr-pe 
of cell seen in the macrocytic group was striking. 

The average original red blood cell count of all 
the animals of this group was 6,790,000, and the 
average hemoglobin level was 76.9 per cent. The 
average mean corpuscular volume was 60.6 cubic 
microns, while the average color inde.x was .570. 
At the low point of the anemia the average errth- 
rocjte count was 3,990,000. a decrease of 41 
. per cent. At the same time, the average hemo- 
globin level had fallen to 44.6 per cent, or a de- 
crease of 42.5 per cent. The average mean cor- 
puscular volume fell to 48.5 cubic microns, or a 
decrease of 4.5 per cent, while the color index de- 
creased to 0,556, or a decrease of 2.25 per cent. 
It is apparent that the average decrease of the 
numbers of red blood cells was less than the aver- 
age decrease of the hemoglobin values. -Accom- 
panying this anemia, the average red blood cell 
became smaller and its hemoglobin content was 
diminished in comparison with the original values. 

PROTOCOLS 

SiL'lne number 13 {Figure 3) 

1933 

Auer. 7 Experimental diet commenced. Weiebt 9J 
kgm. This animal received the modifie-l 
Goldberger diet plus reduced iron, one cram 
daily, throughout the course of the study. 


TABLE in 


The average maximum variations in blood values of the experimental surine with, microcytic anemia 

Group II. IJicrocytic anemia 
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Aug. 12 

Gastric analysis : 


Free 

Total 

Vol. 

HCl 

acid. 


Fasting 

30 cc. 

2.0 

4.0 


30' p Histamine 

30 cc. 

34.2 

12.2 


R.B.C. 6.44 Hgb. 96% MCV S8.S 

Cl .750 

Aug. 25 

The animal has been well 

and has 

had no 

Sept. 13 

symptoms. 


Free 

Total 

Gastric analysis: 

Vol. 

HCl 

acid. 


Fasting 

5 cc. 

0 

9.6 


30' p Histamine 

17 cc. 

0 

14.4 


The animal has eaten well and is symptom- 
free. 


Sept. 21 R.B.C. 4.46 Hgb. 48% MCV 50.0 Cl .540 

An anemia is now present, together with an 
achlorhydria. Diarrhea has occurred irregu- 
larly during the past week. 

Oct. 9 R.B.C. 3.87 Hgb. 38% MCV 46.5 Cl .495 

The animal appears well. There is no diar- 



rhea, but there has been some 

loss of weight. 




Free 

Total 

Oct. 13 

Gastric analysis: 

Vol. 

HCl 

acid. 


Fasting 

9 cc. 

0 

5.2 


30' p Histamine 

15 cc. 

0 

8.0 

Oct. 17 

R.B.C. 3.23 Hgb. 33% MCV 41.5 

Cl .515 


Appears weak, has 

diarrhea, 

but is 

eating. 


The skin and mucous membranes appear yel- 
low and the animal has a microcytic anemia. 

Oct 19 R.B.C. 2.89 Hgb. 31% MCV 42.5 Cl .555 
Profuse diarrhea, refused food today and ap- 
peared very weak. Sudden death occurred. 
Autopsy: There was an eifusion of yellow 
bile-stained fluid in all the serous cavities. 
The liver presented an irregular golden 
brown coloration. The femoral, rib and 



Fig. 3. A Graph of the Changes in Blood 
Levels of Swine 13. 


sternal marrows were very red and solid in 
consistency. 

This animal is presented because the blood studies are 
typical of those seen in the animals of this group. It 
had a severe microcytic anemia although iron was admin- 
istered daily during the entire period of the experimental 
feeding. No mouth lesions were seen. Achlorhydria 
developed early in the course of the disease and was per- 
sistent. 


Swine number 15 (Figure 4) 


1933 


Aug, 7 Feeding of experimental diet begun. The 
diet was supplemented by one gram daily of 
reduced iron, 

Aug. 14 Weight 12.9 kgm. R.B.C. 7.49 Hgb. 82% 
MCV 44.0 Cl .550 





Free 

Total 

Aug. 22 

Gastric analysis : 

Vol. 

HCl 

acid. 


Fasting 

12 cc. 

6.0 

9.0 


30' p Histamine 

18 cc. 

17.0 

34.0 

Aug. 30 

R.B.C. 7.09 Hgb. 81% MCV 46.5 

Cl .580 


The appetite is good. There 

have 

been no 


symptoms. 


Free 

Total 

Sept. 13 

Gastric analysis: 

Vol. 

HCl 

acid. 


Fasting 

15 cc. 

5.6 

18.5 


30' p Histamine 

30 cc. 

23.2 

3S.S 


R.B.C. 6.80 Hgb. 71% MCV 44.5 

Cl .520 




Free 

Total 

Sept. 28 

Gastric analysis : 

Vol. 

HCl 

acid. 


Fasting 

11 cc. 

0 

2.1 


30' p Histamine 

30 cc. 

0 

6.2 


No sjungtoms have appeared. The animal is 
well. 

Oct. 9 There is definite atrophy of the papillae of 
the tongue along the borders and over the 
tip. The animal is not well and is eating re- 
luctantly. 

Oct. 17 R.B.C. 5.04 Hgb. 61% MCV 44.0 Cl .610 

Oct. 23 The animal still appears to be in good condi- 


Oct. 28 


Nov. 8 


Nov. 15 
Nov. 21 
Dec. 4 


tion. 

R.B.C. 5.38 Hgb. 62% MCV 48.5 Cl .585 

Free Total 

Gastric analysis : Vol. HCl acid. 

Fasting 5 cc. 0 6.0 

30' p Histamine 14 cc. 0 12.2 

Weakness of the hind legs and a moderate 
anemia have appeared. Diarrhea is severe. 
The oral administration of liver extract, 
number 343, 4 grams daily, is begun, 

R.B.C. 4.74 Hgb. 52% MCV 50.0 Cf .555 
Liver extract treatment is discontinued. 'The 
animal is stronger, the weakness of the limbs 
is no longer present, and an improvement of 
blood values has occurred. 

R B C. 5.22 Hgb. 58% MCV 56.0 Cl .56a 
R.B.C. 7.11 Hgb. 70% MCV 44.0 Cl .490 
After one month of freedom from symptoms 
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the animal appears weak and ill. The diet 
is refused. 

Deo 5 Found dead. Autopsy: All the organs ap- 
peared normal except for the stomach. The 
mucosa of the proximal third and of all but 
the superior surface of the stomach presents 
a striking alteration. It measures from 2 to 
6 mm. in thickness, is a deep brown in color, 
and is soft and necrotic. There is consider- 
able injection of the submucosa and muscu- 
laris. Histological examination shows the 
mucosa to be necrotic and thickly infiltrated 
with inflammatory cells and hemorrhagic ex- 
udate. 


CONTROLS 

The presence of the Z'itaniin B complex in the 
experimental diet 

Reference to the literature concerning the diet 
described by Goldberger as productive of black- 
tongue in dogs reveals that its content of \'itamin 
B is not clearly understood. In Goldberger 's 
original publications it was assumed that the diet 
was deficient in a part of the vitamin B compiex. 
This assumption was based upon the fact tliat the 
S3Triptoms resulting from the feeding of the diet 



In this experiment (Figure 4) the animal presented 
achlorh 3 'dria, anemia which 'was not macrocjTic in char- 
acter and weakness of the extremities. Atrophy of the 
papillae of the tongue was intermittentlj- presenL The 
anemia was moderatel}' severe, but the color index and 
mean corpuscular volume were not altered. There was 
an improvement of blood values on oral therapj- with 
liver extract. 

The protocols are t^'pical of the entire group. 
The onl\- striking difference between these ani- 
mals and those previoush’ discussed lies in the 
fact that the anemia was not markedlv macro- 
gvtic in t\-pe. Iron was given throughout the 
course of the e.xperiment and did not prevent the 
anemia. The similarity of the two groups, both 
tn the Te5]X)nse to therapy as well as in the patho- 
logical alterations of the bone marrow, suggest the 
conclusion tliat the two types of anemia arc mani- 
festations of a different individual susccptibilitv'. 


did not occur if it was supplemented by materials 
such as yeast, liver, liver c.xtract, meat, milk or 
a varieU' of other foodstuffs. The power of pre- 
venting black-tongue possessed b\' those foods was 
roughh- parallel to their known content of water- 
soluble idtamin B. Hence, the power of prevent- 
ing black-tongue was supposed to be due to the 
presence of that vitamin. The dietarj- constituent 
which prevented black-tongue was found to be 
heat-resistant, however, a fact which s’narphi' dif- 
ferentiated it from the therm. oTabile. anti-neuritic 
fraction of \dtam.in B. .Accordinglv. the fmeti'n 
which was preventive of black-tongue wa- n-irncd 
vitamin B., or G. Since it became known that a 
thermostable, as wtH as a tliermolahile. frr.rti n 
was neccssarv for tr.e growtl; of rr.tL it ^ c- 
sumed tliat tr.e factor ir- miting rat-rr. 
th.e one preventing ;.lr.ck-i ::-cue v. crc th- '.-.n c. 
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black-tongue-producing diet, supposedly deficient 
in thermostable, water-soluble, growth-promoting 
vitamin, was deficient in fact. This point was of 
particular importance, since it was found impos- 
sible to cause black-tongue by feeding diets devoid 
of vitamin B and otherwise complete. The tech- 
nique of the experiments has been described. 


necessary to confirm the supposition that a lack of 
vitamins A, C and D bore no relation to the pro- 
duction of the disease syndrome. The method 
employed was to feed swine on a basal diet which 
was known to be deficient in vitamins A, C and D, 
as well as in Bj^ and B, (G). To this diet were 
added substances known to contain the dietary 



Fig. S. Graph Showing the Weekly Gain in Weight of Rats 
Ff.d the Modified Goldberger Diet. 


In Figure 5 are presented the growth curves of 
six rats which were fed this modified Goldberger 
diet over a period of five weeks. All showed a 
consistent normal weekly growth gain over the en- 
tire period, and several gained as much as from 30 
to 40 grams per week. The average weekly gain 
of each animal was 18.7 grams. Therefore, it is 
evident that the experimental diet which was fed 
to the swine reported in this communication con- 
tained an amount of vitamins B^ and Bg (G) ade- 
quate to support normal growth in rats. More- 
over, similar experiments were performed by 
feeding the original Goldberger number 123 
black-tongue-producing diet without the addition 
of rice polishings, and exactly the same results 
were obtained. That diet also contained sufficient 
vitamin B to allows a normal rate of growth in 
young rats. 

Control for the effect of a deficiency of vitamins 
other than vitamins and (C) 

Although cod-liver oil was added to the modi- 
fied Goldberger diet, and although orange juice 
was given to the pigs receiving this diet, it seemed 


anti-anemia constituent. To the diet of two of 
the animals, 4 grams of Vegex were added, while 
to the diet of the others 20 grams of egg white 
were added. Other swine were fed the basal diet 
without the addition of any material rich in vita- 
min content. 

The animals were kept under the same uniform 
conditions and studies were made by the same 
methods and in the same detail as were the studies 
of the animals fed the modified Goldberger diet. 
A summary of the hematological studies is pre- 
sented in Table IV. 

Mouth lesions, gastro-intestinal disturbances 
and paralysis were never observed in any of these 
animals. All of them became achlorhydric much 
sooner than did the animals fed the modified Gold- 
berger diet (Table I). This achlorhydria could 
not be relieved by treating the animals with large 
amounts of vitamin Bj. Although the average 
duration of life was longer for these animals than 
for any of the others (Table I), no considerable 
hematological change appeared at any time. On 
the other hand, similar controls fed the basal vita- 
min-free diet until death without the addition of 
substances containing the anti-anemic constituent, 
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TABLE rV 

The average maximum variation in blood levels of control svrine 




Initial blood levels 



Maximnni ch:m:;e o: 

blood levels 











number 

R.B.C. 

Hsb. 

MCV { 

Cl 

FLB.C 

I ! 

1 Hsb. 

MCV 

Cl 


millicms 

pn cer.t 

per ur.l \ 


v.ilUdr.z 

» 

1 P€T crr.l 

per cer.i 


16 

8.14 

86 

50.0 1 

.530 

6.25 

' 70 1 

51.0 

.560 

17 

7.17 

69 

50.0 1 

.485 

7.67 

! IS 

43.5 

.515 

18 

8.95 

91 

41.5 1 

.505 

7.10 

! 65 

42.0 

» ; f 

19 

7.44 

80 

; 

.540 

6.83 

; 76 

47.0 

.5M 

-Average 

7.97 

86.5 

49.0 ! 

.513 

6.96 

; 72.5 ! 

45.3 ; 

.523 


also failed to shoM' considerable hematological 
effects. 

To summarize: the modified Goldberger diet 
contained amounts of vitamin B, and (G) 
adequate to support a normal rate of growth in 
rats under standard conditions. Since swine 
M'hich were fed a diet deficient in vitamins A. C 
and D, hut to which the extrinsic anti-anemia fac- 
tor -was added, did not develop either anemia or 
other characteristic disease manifestations, it 
would appear that a lack of vitamins C and D 
bore no relation to the production of the patho- 
logical changes under discussion. Furthermore, 
since the diet which produced the syndrome in 
animals was shown to contain vitamins B, and 
B; (G). and the syndrome could not he produced 
by feeding diets lacking those vitamins, it would 
also appear that a deficiency of any known frac- 
tion of vitamin B was not etiologic. 


row is extremely acellular and corresponds in 
evere- respect with that of normal animals. In 
contrast to this is the marrow taken from the 
same animal at autopsy ten weeks later, when 
achlorhydria and a severe macrocvTic anemia had 
developed (Figures 8 and 9). The marrow, 
grossly, was a deep reddish purple in color. Its 
consistency was firm and elastic. Microscopi- 
cally. hyperplastic tissue lias replaced the fat cells. 
The blood sinuses are collapsed and adult cinthro- 
c}tes are rare. The predominating cell is large 
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I^ONK MAKROW STTDIRS 

I’oiic iiiarrozc of iionna! szcinc. The femoral 
marrows of eight normal swine were studied, 
f'lossly. they were very fattv and a bright yellow 
in color. By microscopic c.xamination (Figure 
fi ) they were e.xtremely hypoplastic with almost 
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Fig. 7. Photomicrograph of the Femoral Bone 
Marrow of One of the Experimental Swine Re- 
moved BY Biopsy before the Diet Feeding Was Begun. 
X 300. Giemsa stain. 



Fig. 8. Low-power Photomicrograph of the Femo- 
ral Bone Marrow of the SajMe Animal as in Ihgure 
7, AFTER Severe Macrocytic Anemia Had Developed. 


X 300. Giemsa stain. 


with a pale, vesicuiav nucleus, the chromatin of 
which is arranged loosel}^ about the periphery. 
The cytoplasm of the cell is basophilic in char- 
acter and irregular in outline. Mitotic figures are 
frequent. Classified according to the terminologi' 
of Sabin, the cells just described are termed meg- 
aloblasts. Erjqhroblasts, small ovoid cells with 
heavy nuclear chromatin and hemoglobin in the 
cytoplasm, both of the earl}' and late types, are 
more commonly seen than are normoblasts. 
There is some white-cell hyperplasia, with myelo- 
ci^tes predominating. 

Very advanced bone-marrow alterations oc- 
curred in only three instances. However, in the 
remaining marrows vari’ing degrees of cellular 
hyperplasia of the same general tyjie were pres- 
ent. In many, collections of megaloblasts ivere 
found, although the fat spaces had not entirely 
disajqieared. In such marrows late er}throblasts 
predominate and adult erythrocites were nu- 
merous. In no instance was a marrow of the 
normoblastic tyiic seen in the microcytic anemias 
observed. In occasional instances, however, the 



Fig. 9. High-power Photo.murograph ok the S.\Mr. 
Fe.mokal M.vrrow a.‘; Show.v in t'lGURE 8. 

X 1000. Giemsa stain. 
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myeloc)i:ic hyperplasia was equal to or greater 
than that of the erythroatic type. Two of the 
marrows were not more active than normal. The 
changes described are in general comparable to 
those found in the marrow in cases of tropical 
sprue with anemia, by Rhoads and Castle (20) . 

The presence of hematopoietic factor in the gas- 
tric juice of swine Tenth experimental 
achlorhydria and anemia 

The method chosen to determine the presence 
or absence of the anti-anemic factor in the gastric 
juice of swine presenting the symptom-complex 
under discussion was that used by Castle (21) to 
demonstrate the presence of the same factor in 
human beings. A digest prepared by incubating 
12 grams of Vegex with ISO cc. of gastric juice, 
obtained from individual swine with achlorhydria 
and anemia, was fed daily to a patient with per- 
nicious anemia at a low hematological level. After 
ten days of such treatment gastric juice from 
normal swine was substituted for the secretion 


days a digest unth gastric juice from anemic swine 
was fed, no increase of reticulocn-tes occurred, 
and the blood \-alues fell to 1,410,000 erv-throcj’tes 
and a hemoglobin of 33 per cent. On the tenth 
day the second period was begun, in which the 
effect of the substitution of gastric secretion from 
normal swine for that of the pathological animal 
was tested. -At the beginning of this period the 
red blood cell count was 1,460,000, the hemoglobin 
34 per cent, and the reticulocj-te count 0.2 per cent. 
On the fifth day thereafter, the reticulocj-te count 
rose to 2.0 per cent, on the sixth day to S.4 per 
cent, and on the eighth day to 2S.2 per cent. This 
was followed b}- a rise of the red blood cell count 
to 1,730,000 and the hemoglobin to 38 per cent 
on the tenth day, and to 2,060,000 with a hemo- 
globin of 44 per cent on the fourteenth day. From 
this experiment it appears that the gastric juice 
of the swine in v.-hich anemia and achlorhydria 
had developed did not contain the anti-anemia fer- 
ment v/hich is present in the gastric juice of 
normal swine. 



Fic. 10. A Graph or the Chances in Blooo Le-.-els 
or A Patient with Pernicio.ns .Anemia During the 
Feeding of Digests or Vece.x with Xoriiae and v.-ith 
Experimental Swine Gastric Juice. 


of the pathological animal. The reticulocytes 
were counted daily. 

In Figure 10 and Table V, arc presented the 
blood changes observed in Patient 1 during these 
two courses of therapy. .At the beginning of the 
o.xperiincnt the red blood cell count was 1.750.(X)0. 
the hemoglobin 42 per cent, and the rcticuloote 
count 0.8 per cent. During the following nine 


Tests for the presence of '.hr cn'.i-cnania fcc'.or in 
the livers of sz.-inc with cr.cmic: end 
cchicrhydnr. 

In order to determine the prc-encc of ihe a.f.:- 
anemia factor in aninrils wr.ich ti e 

stTuptom-cont^lc-'c described, tr.eir !!vr-r4 v. '-re e.r- 
tracted and tb.e rc.-int.-nt m.cteri",' cd.'nfr’.i t'Tt 1 
peircr.tcrally to patient-; with t-'-rniri' 
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TABLE V 


Tlie changes in blood levels of Patient 1, 


C.T., with prnicious anemia during ihefeedhtg of digests of Vegex with normal and 
with experimental swine gastric juice 


Date 

R.B.C. 

Hgb. 

Therapy 

Reticulocj'-tcs 

19S3 

May 17 

millions 

1,75 

per cent 

42 

A t.— 

a ; 



Per cent 

May 18 

May 19 

i-ii.inuiiiyuuc bwme gastric juice -t- veeex 

** *1 ” II '' n tt 

0.8 

0.2 

May 20 



tt 


II II II 


1.0 

May 21 



tt 


II II 11 


0.4 

May 22 

1.48 

36 

tt 


II II 11 


0.2 

May 23 

tt 


II ii II 


0.4 

0.4 

1.0 

0.8 

May 24 

1.41 

33 

It 


tt tt It 


May 25 

It 


II II tt 









May 26 

1.46 

34 



• • • . 


0.2 

0.6 

1.0 

0.4 

0.8 

2.0 

8.4 

22.4 

28.2 

23,2 

12.0 

7.0 

May 27 

xxuiiiicti OWJIIC gci&LiJi; TUICts -i- vegex 

« tt ° II *• II 1? 

May 28 



II 

11 

II 11 

II 

May 29 

1.09 

28 

<< 

II 

II 11 

It 

May 30 

II 

11 

II II 

tt 

May 31 

1.14 

26 

11 

II 

II (1 

II 

June 1 

II 

II 

II It 

11 

June 2 

1.09 

25 

II 

II 

It it 

II 

June 3 

“ 

<1 

II It 

It 

June 4 



(( 

It 

II 11 

11 

June 5 

1.73 

38 

<1 

11 

11 It 

It 

June 6 

II 

11 

II II 

ij 

June 7 

1.98 

42 

II 

II 

II Ii 

11 

J une 8 

14 

11 

II 11 

II 


June 9 

2,06 

44 

II 

II 

II Ii 

t{ 


June 10 

II 

II 

It tt 

tt 











The extracts were given intravenously over a pe- 
riod of ten days, during which red blood cell and 
reticulocyte levels were followed closely. Fol- 
lowing this period of therapy, liver extract made 
by the same method from the livers of normal pigs 
was substituted and the blood studies continued. 

In Figure 11 and Table VI, are presented the 



Fig. 11. A Graph of the Changes in Blood Levels 
OF A Patient with Pernicious Anemia During the 
Administration of Extracts of Anemic and Normal 
Swine Livers. 


TABLE VI 

The changes in blood levels of Patient 2, E. K., with 
pernicious anemia during the injection of extracts of the 
livers of anemic and of normal sivine. 


Date 


1SS3 

September 8. . . 
September 9. . . 
September 10, . 
September 11.. 
September 12.. 
September 13.. 
September 14. . 
September IS.. 
September 16.. 
September 17,. 

September 18. . 
September 19.. 
September 20. . 
September 21. . 
September 22. . I 
September 23. . 
September 24. . 
September 25. . 
September 26. . 
September 27. . 
September 28. . 
September 29. . 
September 30. . 

October 1 

October 2 

October 3 

October 4 

October S 

October 6 




Therapy (intravenous) 

Reticu- 

R.B.C. 

Hgb. 



Liver extract 

Dose 

locytes 



inillio7is 

per cent 


cc. 

per cent 

J.89 

57 

Anemic swine 

10 

0.6 



10 

0.6 



«« «« 

10 

0.4 



«* •> 

10 

0.2 

1.78 

52 

• ( M 

10 

0.2 


it 44 

10 

0.6 



tl i* 

10 

0.2 

1.80 

46 

%% i* 

10 

10 

0.4 

0.4 



it it 

10 

0.6 



Normal swine 

10 

0.4 

2.06 

50 

10 

10 

0,8 

2.0 



it i* 

10 

2.0 



• • it 

10 

2.2 

2.18 

SO 


10 

10 

3.0 

3.0 




10 

4.2 

2.12 

58 


14.2 

21.2 



ti •• 


12.8 

2.S7 

63 

Parke Davis 

20 

20 

7.6 

3.2 




20 

2.0 



it tt 

20 


2.97 

75 


20 

20 


3.69 

74 



______ 
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results of one such experiment (Patient 2). The 
patient, over a ten-day period, received intra- 
venously an amount of extract derived from 500 
grams of whole liver. At the begiiming of the 
study the er}'throc}de count was 1,890,000, the 
hemoglobin 57 per cent, and the reticulocyte count 
0.6 per cent. During this entire first ten-day 
period the red blood cell count did not change 
essentially, nor was an increase of reticulocjTes 
observ'ed. On the eleventh day the patient was 
given, by the same route, a similar amount of 
liver extract made by the same procedure, but 
from the livers of normal swine. At this time 
the red blood cell count was 2,060,000, and the 
hemoglobin 50 per cent. On the sixth da)' the 
reticuloc)Te count rose to 3 per cent, on the sev- 
enth day to 4.2 per cent, on the eighth day to 14.2 
per cent, and on the ninth day to 21.2 per cent. 
Following this, the red blood cell count rose on 
the eleventh day to 2,570,000, and the hemoglobin 
to 63 per cent. The patient received in all an 
amount of liver extract derived from 400 grams 
of normal swine liver. 

In Figure 12 and Table VII, are presented the 
blood studies of Patient 3. The experiment was 
similar to the one just described except that the 
injections were given for thirteen days and an 
amount of liver extract derived from 650 grams 
of liver was administered. At the beginning of 
this first period the red blood cell count was 
2,200,000, the hemoglobin 63 per cent, and the 
reticuloc)te count 0.8 per cent. During the en- 



Fic. 12. Graph cf the CuAXcr.s ik Eloop Lrvn-s 
CF P.atiext o wmi Pef.njciocs .\xr-MiA Dvt:sg the 
In'If.ctios' of Extracts of thf. Ltvejj; of anp 

N'oemal Sut.ve. 


TABLE Vn 


The changes in blood lezels of Patient 3, A. L., 'jr.th 
pernicious anemia during the injection of extracts of the 
lifers of anemie and normal szAne. 


Date 

R-B.C 

Hsb. 

1 

Tberapr (hitrarcaccs) I 

Reticu- 

locytes 

Liver extract | 

Dose 

toss 

nillsorts 

fercail 


cc. 

per 

September 16.. 

2,20 

63 

.Ac*=i:c STFise j 

10 

O-S 

Septesibcr 17.. 




10 

06 

Septcraber 18.. 




10 

0.6 

Septcsibcr 19.. 




10 

1.0 

Septesibcr 20.. 

2M 

65 


10 

0.6 

Septea:bcr 21.. 




10 

0.S 

Septetaber 22.. 




10 

0.S 

Septembff 23.. 

2.17 

65 


10 

1.2 

September 24. . 




10 

I.O 

September 25 . . 




10 

0-6 

September 26..' 

2.21 

60 


10 

O-S 

September 27. . 




10 

1.2 

September 2S.. 




10 

J.8 

September 29. . 

1.6S 

51 

Xormal fwize 

10 

1.6 

September 30. . 




10 

!.♦ 

October 1 




10 

2E 

October 2 




10 

5.2 

October 3 

2.18 

62 


10 

5.S 

October 4 




10 

9.2 

October 5 

2.4S 

64 



! 7.4 


tire period of thirteen days there was no improve- 
ment in the blood values and no rise in the rcticu- 
Ioc)'te count. On the second day after the 
injection of normal pig liver e.\tract, the reticu- 
locA-tes rose to 2.8 per cent, on the fourth day to 
5.8 per cent, and on the fifth day to 9.2 per cent. 
This was followed by an improvement of the 
blood values, the red count rising to 2,480,000 and 
hemoglobin to 64 per cent. An amount of liver 
extract derived from 300 grams of normal swine 
liver was given. 

From the experiments described, it appears that 
the livers of the swine which developed the syn- 
drome of achlorhydria, anemia and mouth lesions 
did not contain the anti-anemia substance winch 
is present in the livers of norma! swine. 

DISCL'SSIO.V 

From the e.xperime;ital evidence presented, it 
appears that by feeding to swine a diet wh.ich 
causes canine blach-tongue. a crarnct eristic symp- 
tom-complex can be produced. Macror.tic ane- 
mia, lesions of tlic oral .mucous membrane, gr.'tric 
aciilorhydria, diarrhea and n'.otor •.ve.a.hne-'- o: the 
c.vtremitfc.s were the principal m.ar.ife-t.ati'jr."'. 
When th.e disease was present it wr.‘. imp-'^ i’-'r 
to demonstrate h.enaatop'jietic activit;.- f t the 
trie secreti'-'U or liver -.v'-.'m te tei fu cr.*-' > 
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and livers of normal swine did possess hemato- 
poietic power when tested in exactly the same 
manner. 

The disease syndrome of swine could be pre- 
vented and alleviated by the administration of 
certain substances which are prophylactic and cur- 
ative of sprue, tropical macrocytic anemia, pella- 
gra and pernicious anemia in man. The symp- 
tomatic, pathologic, physiologic and therapeutic 
similarity between the experimental disease of 
swine and a group of pathologic states of human 
beings was striking; so much so, that the infer- 
ence is unavoidable that in man the pathologic 
changes are due, in part at least, to a common 
cause, and that the cause is basically a lack of 
intake or utilization of some as yet poorly defined 
dietary constituent. Certain objections to this 
broad conclusion exist, however, and several de- 
tails require further discussion. 

As previously stated, the anemia produced was 
usually sharply macrocytic in type, presenting 
morphological changes seen in the stained blood 
smear which were consistent with those shown by 
the blood of the macrocytic anemias of man. In 
several instances, however, microcytosis was the 
rule, but in such instances the hypochromia was 
never of the marked degree observed in experi- 
mental anemias resulting from a lack of the build- 
ing stones of the hemoglobin molecule such as 
iron or copper. It more closely resembled the 
mild microcytosis frequently observed early in the 
course of tropical sprue and more rarely late in 
the course of that disease when a multiple defici- 
ency is present (Castle and Rhoads (1)). 

In the experiments, distinct therapeutic re- 
sponses were obtained by the administration of 
liver extract, whereas none followed the use of 
iron alone. That better responses might have 
been induced had both substances been admin- 
istered can only be the subject of speculation, 
since the observations were confined to the use 
of one or the other material alone. A summa- 
tion response to the administration of liver extract 
and iron is occasionally seen in pernicious anemia 
and frequently in tropical sprue. 

The distinct curative effect following the use 
of liver extract, either orally or parenterally 
administered, is in keeping with numerous obser- 
vations on the effect of liver extract in the pre- 


vention of symptoms when the same diet is fed 
to dogs (Goldberger and Sebrell (22), Rhoads 
and Miller (2)). 

The changes occurring in the oral mucous mem- 
branes deserve special attention. An atrophic 
glossitis similar to that produced in dogs, and 
seen in sprue, pellagra and pernicious anemia, was 
observed in only rare instances. In no animal did 
it approach in intensity either the canine or the 
human disease. On the other hand, localized 
ulcerated lesions of the labial, buccal, lingual, and 
even laryngeal mucous membrane, were striking 
in their frequency and extent. For the purpose 
of discussion, it has been assumed that these 
lesions are similar in nature to the aphthous sto- 
matitis with ulceration which is so marked a 
feature of tropical sprue. The histopathology 
of these changes will be described elsewhere; it 
suffices to state here that the process is essentially 
one of coagulation necrosis, apparently similar 
in nature to, though more localized ' than, the 
changes described by Lillie (23) in canine black- 
tongue, No studies of the aphthous oral lesions 
of tropical sprue are available for comparison. 

As presented in the experimental protocols, one " 
animal showed an acute gastritis at postmortem 
examination. In other animals there appeared to 
be a definite loss of thickness with atrophy of the 
gastric mucous membranes. Histological studies 
were not wholly satisfactory, since the unavoid- 
able delay intervening between the time of the 
animal’s death and the tissue fixation was suffi- 
cient to allow a certain amount of postmortem 
change to take place. Further investigation of 
this phase of the problem is proceeding. Clear 
morphological evidence of alteration of, or dam- 
age to, the gastric mucous membrane has certainly 
not been demonstrated consistently. Evidence of 
functional damage to the gastric secretory mecha- 
nism appeared in almost every experiment, how- 
ever. Such evidence was at hand in the develop- 
ment of the inability of the stomach to secrete 
free HCI, and also to secrete a ferment required 
for hematopoiesis. 

Achlorhydria, present even after the injection 
of histamine, was an early and persistent symp- 
tom. It disappeared after treatment in one in- 
stance. It is quite impossible, in the present state 
of knowledge, to speculate concerning the cause 
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of this manifestation. It can only be stated that 
to judge from the studies of the effect of feeding 
the same diet to other animals the achlorhydria 
was not due to a lack of any of the known frac- 
tions of the Autamin E complex. 

The loss of the hematopoietic power of the 
stomachs of the experimental animal was demon- 
strated in three experiments, one invohnng a di- 
rect test, and two demonstrating the loss of the 
presumed stored product of the hematopoietic gas- 
tric function in the liver. These experiments re- 
quire some explanation. Qinical study has shown 
that in pernicious anemia, and in some cases of 
sprue, the gastric secretion lacks a ferment which 
is required to act upon a dietarj' constituent pres- 
ent in yeast, meat and other substances, to form a 
substance active in hematopoiesis. In the absence 
of this gastric activity, the liver is no longer po- 
tent in promoting blood formation, Maison and 
I\y (7). Hence, test of the hematopoietic func- 
tion of the liver is indirectly a test of gastric func- 
tion, and may be more easily performed than the 
latter. This is due to the fact that potent liver 
extracts are heat resistant and so may be sterilized 
and injected into suitable test patients, a proce- 
dure not possible with extracts of gastric tissue. 
In all three of the tests done, a complete lack of 
hematopoietic function of the diseased animals 
was shonm, a striking contrast to the results of 
tests of like material prepared from normal ani- 
mals. The uniform nature of the results suggests 
definitely that, under the conditions observ'ed, 
achlorhydria and loss of the anti-pernidous ane- 
mia activity of the stomach may follow a dcfi- 
cienc\- of a specific dietaiy' constituent. That 
constituent is one which is contained in those 
substances which are therapeutically active in 
symptomatically similar conditions of man. Last- 
ly, clinical observation offers incomplete but un- 
deniable evidence that in man similar manifesta- 
tions may follow deficient intake or absorption of 
the same substances. 

From the reported studies of the modified black- 
tongue-producing diet, the cause of its pathogenic- 
ity IS not cle.ar. Since the power of promoting 
the growth of young rats kept under standard con- 
ditions is the only a\'ailable means of determining 
the presence or absence of the \‘ariotjs fractions of 
the vitamin B comple.x, we are forced to conclude 


that the diet is adequate in its content of that vita- 
min. The objection may be advanced that the rat 
and the dog may differ radically in their require- 
ment for \-itamin B, and hence a diet which is 
wholly adequate for one animal might be a defi- 
cient diet for another. This objection would be 
valid were it not for the fact that neither in other 
laboratories nor in the control experiments re- 
ported here has black-tongue resulted from feed- 
ing diets complete except for the wtamin B com- 
plex. Zimmerman and Burack (14) and Bliss 
(24) have suggested that the diet lacks certain 
mineral constituents. Opposed to tliis Hew is the 
fact that no experimentally produced mineral de- 
ficienc}" has been reported as causing the s}'mp- 
toms of black-tongue. Furthermore, the symp- 
toms may be prevented by supplementing the diet 
with a compound such as liver e.xtract, which is 
exceeding]}' low in mineral constituents. 

The assumption has been widespread that be- 
cause the symptoms resulting from the feeding of 
a particular diet are prevented or cured by admin- 
istering a material which is rich in a particular 
vitamin, it may be inferred that the symptoms arc 
due to a lack of that Htamin. Since our kmowl- 
edge of the mode of action of Htamins is seriously 
defident, and since in the experiments under dis- 
cussion an even relatively pure source of dtamin 
was not available, any conclusion as to the etio- 
logical role played by a particular vitamin defi- 
ciency must be open to question. In the studies 
reported here, the substances fed as sources of 
dtamin B. (G) contain an infinite variety of dif- 
ferent compounds, among which that vitamin may 
be one of the least important. No claim for tlic 
etiologic or therapeutic activity of vitamin B. (G) 
is here advanced, and, moreover, it is held that no 
conclusive proof c.xists for the thcrap-cutic ac- 
tidty of vitamin B. (G) in sprue, pellagra, per- 
nicious anemia, tropical macrrjcytic anemia, or 
canine black-tongue. On the other hand, prr-'’; 
to the contrary is also lacking, so that the matter 
must be considered ouite unsettled at j<rc ent. 
The lack of complete understana’ing of tr.e n-,v'e 
oi production of the s'.Tn::tr’m< ''rnj le.'e sh ':;ld r- 1 
obscure th.e fact th.at tr.e feeding of !;;e ! l.ae';- 
tongue-producir.'g diet give- r:-" to nut m- in 
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mental conditions simulate sprue and pernicious 
anemia. 

SUMMARY AND CONCLUSIONS 

1. By feeding a modified canine-black-tongue- 
producing diet to swine, a symptom-complex 
marked by oral mucous membrane lesions, achlor- 
hydria and anemia may be caused. 

2. The disease is associated with a loss of the 
anti-pernicious anemia activity of the gastric se- 
cretion and liver. 

3. Remissions of the anemia and amelioration 
of symptoms may be induced by the oral or paren- 
teral administration of liver extract. 
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The carbon dioxide tension of oxj'genated 
mixed venous blood has long been used, in normal 
individuals and frequently in subjects with vari- 
ous forms of disease, in the determination of 
cardiac output according to the Fick principle. 
The method of rebreathing mixtures of CO, and 
oxygen, for establishing equilibrium between the 
CO, tensions of the lungs and the incoming 
venous blood, and at the same time oxygenating 
this blood, was first described by Christiansen, 
Douglas and Haldane ( 1 ) ; later by Henderson 
and Prince (2) and others. In 1922 Douglas 
and Haldane (3) showed that the same arterio- 
venous differences in CO, content were obtained 
in a given subject, whether the rebreathing pro- 
cedure equilibrated CO, tensions only and o-xy- 
genated the blood in the lungs, or whether this 
procedure equilibrated simultaneously both CO. 
and oxygen tensions of incoming venous blood 
with the rebreathed air. Field, Bock, Gildea, and 
Lathrop (4) showed that arterial blood drawn 
during the course of rebreathing a mixture of 6 
per cent CO- and 94 per cent ox)'gen was fully 
oxj'genated, and that the CO, tensions in arterial 
blood and in the rebreathed air were the same. 
Most workers have been able to demonstrate an 
equilibrium of CO. tensions by similar rebreath- 
ing technique; Hamilton, Moore and Kinsman 
(5), however, were unable to establish equilib- 
rium or “ plateau ” levels of CO- during re- 
breathing in experiments with a small number of 
subjects. Richards and Strauss (6) in 1930 re- 
viewed the numerous assumptions made in various 
rebreathing methods for estimating the \-a!ues of 
the gases of the mixed venous blood. They 
showed e.xperimentally that the same equilibria 
or " plateau ” levels of CO. tension of oxygenated 
mixed venous blood could be regularly obtained in 
a nonn.al subject after 15 to 20 seconds of re- 


breathing, with the use of initial mixtures in the 
rebreathing bag which differed in CO- tensions 
by 10 mm. or more. By constructing a nomo- 
gram of the subject's blood, and bj' plotting on 
this nomogram the CO- tensions (as obtained by 
rebreathing) of (a) oxv'genated and (b) true 
mixed venous blood, these authors found that the 
(a) and (b) CO, tensions represented appro.xi- 
mately the same CO. content of the blood. 

It is of interest to inquire how far the method 
of rebreathing can be applied to the determina- 
tion of CO, tensions in oxygenated mixed venous 
blood in cases with various forms of pulmonary 
disease. This inquiry forms the subject of the 
present paper. Spedfically, answers have been 
sought, in each patient studied, to the following 
questions. 

1. During the course of the rebreathing pro- 
cedure can a constant or nearly constant (“pla- 
teau ”) level of CO, tension be demonstrated, 
which persists over a five second interval, or 
longer (e.g., from 15 to 20 seconds after the 
start of rebreathing) ? 

2. If this is the case, can the same plateau level 
of CO. tension be arrived St, fn successive cx- 
periments, when the initial CO. tensions in the 
rebreathing bag differ by several millimeters? 

3. YTen such a transient equilibrium of CO; 
tension in the rcbrcatlied air is cstablislicd. is 
there at the same time a close agreement betv.-ecn 
the tensions of CO. and o.xygcn in the air sample 
taken at the end of c.xpiration ("alveolar" r.ir), 
and the CO. and o.xygcn tension in the Llo-o ! 
leaving the lungs (ancrial bloo'l) ? 

Tiiat the establishment of these three equi- 
libria indicates that th.e pl.'.teau level of CO. ten- 
sion is the sa.me as that of th.e gen.atcd mire l 
venous blood, may l-e argue l a', fell .v. s : 

Ti'.e c''mplc:e fixygen.-.ti'-n of th.’" arterial 1',-,. I 
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mental conditions simulate sprue and pernicious 
anemia. 

SUMMARY AND CONCLUSIONS 

1. By feeding a modified canine-black-tongue- 
producing diet to swine, a symptom-complex 
marked by oral mucous membrane lesions, achlor- 
hydria and anemia may be caused. 

2. The disease is associated with a loss of the 
anti-pernicious anemia activity of the gastric se- 
cretion and liver. 

3. Remissions of the anemia and amelioration 
of symptoms may be induced by the oral or paren- 
teral administration of liver extract. 
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of rebreathing, will be constantly receiving CO, 
from the incoming venous blood, as well as from 
the rebreathed air; and the CO, tension of oxy- 
genated mixed venous blood is therefore more 
readily attained throughout the lungs, providing 
that ventilation is sufficient throughout to bring 
about complete arterial ox}’genation. It is there- 
fore possible that a method of rebreathing CO, 
may be valid in cases where a method using in- 
halation of a foreign gas is not. 

The question may well be raised, why equilibra- 
tion for oxygenated mixed venous CO, was at- 
tempted in the present investigation, rather than 
equilibration for mixed venous ox3*gen or for both 
true mixed venous CO, and O,, as in the tech- 
nique of Bunvell and Robinson (9). The chief 
reason for our choice of method was the results 
of Richards and Strauss (6), who demonstrated 
both on theoretical and experimental grounds, in 
normal subjects, the difficulty of securing ade- 
quate equilibrium of rebreathed gases, with re- 
spect to oxj'gen. Presumably this difficulty 
would be increased in subjects with disturbed pul- 
monarj’ function. Grollman, Friedman, Clark and 
Harrison (10), in a recent paper, have brought out 
some of the practical difficulties of o.xj'gen-equi- 
libration methods. Friedman, Qark and Harri- 
son (11) have subsequently described an adapta- 
tion of the Bunvell-Robinson technique, modified 
by the use of longer rebreathing periods, repeated 
samplings during rebreathing, and arterial blood 
samples also drawn during rebreathing. It may 
be that this method will be found applicable to 
certain cases of pulmonarj' disease. 

An important assumption should perhaps be 
mentioned, which is made both by methods em- 
ploying the Fick-principle and by most methods 
using inhalation of a foreign gas (6, 12) ; namely, 
that any change in blood flow produced b\' the 
hyperventilation of rebreatliing, does not meas- 
urably affect the arteriovenous differences of ox}'- 
gcn or CO, within the time during which re- 
breathing takes place. 

METHODS 

The apparatus and technique were c'scntially the same 
as those employed hy Richards and Strauss (6}. .\ dia- 
pram is shown in Figure 1. 

For the experiment, the subject was in the rcstmg p.ost- 
ahsorptive state. Kong supine, with one pillow, Mouth- 
p:ccc and nosec’.ip were applied and the su'.'Ject rc'pirrd 



Fig. 1. Diageaji of App.SlE.atus Used foe Oxygex.ated 
Mixed Vexous CO, Texsio.v Detekiiixatioxs. 

A, intadre flutter -valve. B, shut-off slide vahe. C, 
mouthpiece. D, evacuated gas sampling tubes. E, three- 
way valve, connecting wdth rebreathing bag F. G. out- 
flow flutter salve. For cardiac output determination, the 
same apparatus was used, outside air being led in through 
valve A, and expired air from G collected in a Tisso; 
spirometer. 

through the apparatus for about fen minutes, so that a 
steady state might be reached. At a signal “ blow,” 
given at the end ol a normal expiration, the subject made 
a complete expiration, while slide valve B was closed off. 
An alveolar sample was then taken into one of the c.-acu- 
ated tubes, and valve E then turned to connect the sub- 
ject with the rebreathing bag. The subject then emptied 
and filled the bag completely, by successive respiration, 
a sample being taken into the evacuated sampling tubes 
eveiy five seconds at the end of complete c.xpiration. 
The rate of respiration varied with the subject; tho^c 
with large vital capacities and slow resting respiratory 
rates made only four or five complete respirations in 20 
seconds, those with small capacities and rapid rates rc- 
breathed six or ses'cn times in 20 seconds. The volume 
of air used in the bag for rebreathing also varied with 
each subject, from l.c00 cc. to 3.000 cc.; the volume be- 
ing such that the subject could Just empty the bag com- 
pletely with a deep, rapid inspiration. 

Several preliminary c-xperh-nents were made d-jring i;:e 
first few days of the investigation of a given 'u'.jcct, 
■with the double purpose of training him in the technique 
of rcbrcathi.ng and of determining prop>er concentrations 
of CO 2 to be used in the rcbrcalhing hag. Tl-e remain- 
der of the gas mixture was. of course, pure cxyrm. 
Usually one cxpcri.-r.er.t with a very hirh (over O') mm-.f 
CO5 concentration and one with .a very lo-.v (Ic" l! r.n 
43 mm.) were performe-l to provide an approximate e ti- 
matc of the level of CO.- tcr.'i'-r. rc-cchH hy t;-,- su'J-rt 
during rehreath.ir.r. In succeeding exp-crim-r ■>, i-'er- 
mediatc cor.cer.tratinn’i of CO- were tt'c-l. and t'.- ntt'-r 
and lower limits were thus determ-.-.c-J v.i;h:n v..’ id: - 
rc.bre3th.ir.g procedure ! r.runht the CO.- ten-; -n t a c - - 
stant level. 
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during rebreathing shows that all parts of the 
lungs which are perfused with pulmonary blood 
are at least partially ventilated. The close agree- 
ment between the COo tension of the alveolar air 
with that of the arterial blood during rebreathing 
indicates that there are no large regions of the 
lungs in which the CO, of the regional, true al- 
veolar air is appreciably different from the CO, 
of the “ alveolar ” (expired air) sample as meas- 
ured. If there were such regions the arterial 
blood sample taken during rebreathing would 
have a CO, tension different from that of the 
“ alveolar ” sample as measured, except for an 
improbable or occasional situation in which re- 
gional variations in CO, tension of alveolar air 
or pulmonary capillary blood happened to result 
in a mean arterial tension identical with that in 
a sample of the expired air. If mixing of re- 
breathed air throughout the lungs and the re- 
breathing bag is complete, and if the same CO, 
tension after rebreathing is reached within the 
circulation time of the blood in successive experi- 
ments when the initial tension of COj rebreathed 
in each experiment is different, there is no reason- 
able explanation other than that the excess of 
CO2 has been carried away by the blood, or the 
needed deficit of CO2 supplied by the- incoming 
blood, and that the state of equilibruim means 
an essential identity between CO, tension in the 
alveolar air and in the oxygenated mixed venous 
blood. ' There may actually be certain small sys- 
tematic differences, due to recirculation of small 
amounts of blood (such as that of the coronary 
circulation), or to continuous concentration of 
the rebreathed air due to absorption of oxygen; 
these factors have been discussed by Richards and 
Strauss ( 6 ) and need not be reviewed further. A 
false equilibrium or “ plateau ” level may also be 
obtained by the use of a very high concentration 
of CO, in the rebreathed air, as shown both on 
theoretical and experimental grounds by the same 
workers ; but there would be in this case no iden- 
tity of equilibrium with respect to CO, tensions, 
when different initial mixtures of CO, were used. 

The equality of the levels of equilibrium on 
successive rebreathings also indicates that the in- 
dividual studied is in a steady state with respect 
to his mixed venous blood gases. 

In abnormally functioning lungs, the rebreath- 
ing process may not provide complete mixing 


between true alveolar air and that in the rebreatli- 
ing bag, as for instance in a case with large 
volume of residual air, or one with a small or 
poorly distributed tidal air. Does the establish- 
ment of the three equilibria above mentioned 
indicate even in this case that the level of the 
plateau of CO, tension is the same as the level 
of CO2 tension of the oxygenated mixed venous 
blood? With respect to the equilibrium which 
does exist between the CO, tension of the sample 
of expired or “ alveolar ” air, and the CO, tension 
of the sample of arterial blood drawn during 
rebreathing, the same argument that has just 
been given holds true ; namely, that the CO, ten- 
sion of the sample of expired air represents at 
least the resultant or mean of the CO, tensions 
in the pulmonary capillaries. If equilibrium with 
respect to CO,, between incoming blood and 
alveolar air did not exist, there would be a gen- 
eral trend of change of CO2 tension in successive 
samples of expired air, toward the level in the 
blood, though with incomplete mixture such a 
trend might be at times irregular. Thus, so far 
as concerns the successive CO, tensions of ex- 
pired air, measured at 5 second intervals during 
rebreathing, it is quite possible that incomplete 
mixture might result in irregularities in the curve 
of change of these values, and that false "pla- 
teau ” levels might appear in the curve. In this 
case, however, it is unlikely that such apparent 
equilibria would occur regularly over the same 
time interval ; and still more unlikely that with 
different initial mixtures of CO, in the rebreath- 
ing bag, the same equilibrium should be thus 
reached in successive experiments over the same 
time intervals. 

From the argument just given it seems a 
reasonable conclusion that if the three equilibria 
above outlined are established consistently in a 
given case, then the CO, tension so defined is 
close to that of the oxygenated mixed venous 
tension. The question of the magnitude of the 
error involved in the determination will be dis- 
cussed after the data are presented. 

It should be noted that in the process of equi- 
libration by rebreathing for the determination of 
oxygenated mixed venous CO, tension, there is an 
inherent advantage not shared by a technique em- 
ploying inhalation of a foreign gas ; in that poorly 
ventilated parts of the lungs, during the process 
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of rebreathing, will be constantly receiving CO, 
from the incoming venous blood, as well as from 
the rebreathed air; and the CO, tension of oxy- 
genated mixed venous blood is therefore more 
readily attained throughout the lungs, providing 
that ventilation is sufficient throughout to bring 
about complete arterial oxygenation. It is there- 
fore possible that a method of rebreathing CO, 
may be valid in cases where a method using in- 
halation of a foreign gas is not. 

The question may well be raised, why equilibra- 
tion for oxygenated mixed venous CO, was at- 
tempted in the present investigation, rather than 
equilibration for mixed venous oxygen or for both 
true mixed venous CO, and O,, as in the tech- 
nique of Burwell and Robinson (9). The chief 
reason for our choice of method was the results 
of Richards and Strauss (6), who demonstrated 
both on theoretical and experimental grounds, in 
normal subjects, the difficulty of securing ade- 
quate equilibrium of rebreathed gases, with re- 
spect to oxygen. Presumably this difficulty 
would be increased in subjects with disturbed pul- 
monary function. Grollman, Friedman, Clark and 
Harrison ( 10) , in a recent paper, have brought out 
some of the practical difficulties of o-xj’gen-equi- 
libration methods. Friedman, Qark and Harri- 
son (11) have subsequently described an adapta- 
tion of the Burwell-Robinson technique, modified 
by the use of longer rebreathing periods, repeated 
samplings during rebreathing, and arterial blood 
samples also drawn during rebreathing. It may 
be that this method will be found applicable to 
certain cases of pulmonary disease. 

An important assumption should perhaps be 
mentioned, which is made both by methods em- 
ploying the Fick-principle and by most methods 
using inhalation of a foreign gas (6, 12) ; namch’, 
that any change in blood flow produced by the 
hyperventilation of rebreathing, does not meas- 
urably affect the arteriovenous differences of ox}'- 
gen or CO; within the time during which re- 
breathing takes place. 

METHODS 

Tlic app.iratu« and tcdinique v,crc cjscntblly the same 
as those employed by Richards and Stranss (6). dia- 
pram is shown in Figure 1. 

1‘or the experiment, the subject was in the rcstini; post- 
absorptive state, lying supine, with one pillow. ?-!outh- 
p'.ece and noseclip were applied and the subject rc'pired 



Fic. 1. Di.\gr.\m of Apparatus Used top. Oxvgen-ated 
Mixed Venous CO; Tension Determinations. 

A, intake flutter valve. B, shut-off slide valve. C, 
mouthpiece. D, evacuated gas sampling tubes. E, three- 
way valve, connecting with rebreathing bag F. G, out- 
flow flutter valve. For cardiac output determination, the 
same apparatus was used, outside air being led in through 
vaK'e A, and expired air from G collected in a Tissot 
spirometer. 

through the apparatus for about ten minutes, so that a 
steady state might be reached. At a signal " blosv,” 
given at the end of a normal expiration, the subject made 
a complete expiration, while slide valve B was closed off. 
An alveolar sample was then taken into one of the evacu- 
ated tubes, and valve E then turned to connect the sub- 
ject with the rebreathing bag. The subject then emptied 
and filled the bag completely, by successive respiration, 
a sample being taken into the evacuated sampling tubes 
every five seconds at the end of complete expiration. 
The rate of respiration varied with the subject; tho‘c 
with large vital capacities and slow resting respiratory 
rates made only four or five complete respirations in 20 
seconds, those with small capacities and rapid rates rc- 
breathed six or seven times in 20 seconds. Tlic volume 
of air used in the bag for rebreathing also varied v.-ith 
each subject, from 1,500 cc. to 3,000 cc,; the volume l)e- 
ing such that the subject could just empty the bag com- 
pletely with a deep, rapid inspiration. 

Several preliminary experiments were made during the 
first few days of the investigation of a given subject, 
with the double purpose oi training him in the fec.bnique 
of rebreathing and of determining proper concentr.vtions 
of CO; to be used in the rebreathing bag. Tl;e remain- 
der of the gas mixture was, of course, pure oxyren. 
Usually one experiment with a very high (over f>) rr.rn.f 
CO; conccsitration and c<ne with a very low (le's f! ;.-. 
45 mm.) were performed to provide .a.", .approxin'-.atc e ti- 
matc of the level of COj Icnsir-n rc.iciic;! by tl.e f.:'' je-; 
during rebreathing. In succeetlir.g cxp^rim,cr:t«. inter- 
mediate concentrations of CO, were u'e-i. a.n ! ti;- t:; ;>-r 
and lov.cr limits were thus tletermir,-,] -.■.ithw wh en th' 
rebreathing procedure bronu-ht t.’.e CO, ten'i n t-- a c- 
't.an: level. 

For th; exact determigati n e; r-ej .-rr-r'-l r'-'-; 
m-us CO;, two or m. re ex:--ri".-: •• I-r:' er--' - n 

the *ame m.'-mirg, an-l tl e CO. ter''' n , f t* - g''it’ •- ' : 
CO; and oxjgem in the la.-. a> rr-cva'ed j-ut -r - 
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during rebreathing shows that all parts of the 
lungs which are perfused with pulmonary blood 
are at least partially ventilated. The close agree- 
ment between the CO, tension of the alveolar air 
with that of the arterial blood during rebreathing 
indicates that there are no large regions of the 
lungs in which the CO, of the regional, true al- 
veolar air is appreciably ditferent from the CO, 
of the “alveolar” (expired air) sample as meas- 
ured. If there were such regions the arterial 
blood sample taken during rebreathing would 
have a CO, tension different from that of the 
“ alveolar ” sa.mple as measured, except for an 
improbable or occasional situation in which re- 
gional variations in CO2 tension of alveolar air 
or pulmonary capillary blood happened to result 
in a mean arterial tension identical with that in 
a sample of the expired air. If mixing of re- 
breathed air throughout the lungs and the re- 
breathing bag is complete, and if the same CO, 
tension a.fter rebreathing is reached within the 
circulation time of the blood in successive experi- 
ments when the initial tension of CO2 rebreathed 
in each experiment is different, there is no reason- 
able explanation other than that the excess of 
CO2 has been carried away by the blood, or the 
needed deficit of CO2 supplied by the- incoming 
blood, and that the state of equilibruim means 
an essential identity between CO, tension in the 
alveolar air and in the oxygenated mixed venous 
blood. ' There may actually be certain small sys- 
tematic differences, due to recirculation of small 
amounts of blood (such as that of the coronary 
circulation), or to continuous concentration of 
the rebreathed air due to absorption of oxygen; 
these factors have been discussed by Richards and 
Strauss ( 6 ) and need not be reviewed further. A 
false equilibrium or “ plateau ” level may also be 
obtained by the use of a very high concentration 
of CO, in the rebreathed air, as shown both on 
theoretical and experimental grounds by the same 
workers ; but there would be in this case no iden- 
tity of equilibrium with respect to CO, tensions, 
when different initial mixtures of CO, were used. 

The equality of the levels of equilibrium on 
successive rebreathings also indicates that the in- 
dividual studied is in a steady state with respect 
to his mixed venous blood gases. 

In abnormally functioning lungs, the rebreath- 
ing process may not provide complete mixing 


between true alveolar air and that in the rebreath- 
ing bag, as for instance in a case with large 
volume of residual air, or one with a small or 
poorly distributed tidal air. Does the establish- 
ment of the three equilibria above mentioned 
indicate even in this case that the level of the 
plateau of CO, tension is the same as the level 
of CO2 tension of the oxygenated mixed venous 
blood? With respect to the equilibrium which 
does exist between the CO, tension of the sample 
of expired or “ alveolar ” air, and the CO, tension 
of the sample of arterial blood drawn during 
rebreathing, the same argument that has just 
been given holds true : namely, that the CO, ten- 
sion of the sample of expired air represents at 
least the resultant or mean of the CO, tensions 
in the pulmonary capillaries. If equilibrium with 
respect to CO2, between incoming blood and 
alveolar air did not exist, there would be a gen- 
eral trend of change of CO2 tension in successive 
samples of expired air, toward the level in the 
blood, though with incomplete mixture such a 
trend might be at times irregular. Thus, so far 
as concerns the successive CO2 tensions of ex- 
pired air, measured at 5 second intervals during 
rebreathing, it is quite possible that incomplete 
mixture might result in irregularities in the curve 
of change of these values, and that false “pla- 
teau ” levels might appear in the curve. In this 
case, however, it is unlikely that such apparent 
equilibria would occur regularly over the same 
time interval; and still more unlikely that with 
different Initial mixtures of CO, in the rebreath- 
ing bag, the same equilibrium should be thus 
reached in successive experiments over the same 
time intervals. 

From the argument just given it seems a 
reasonable conclusion that if the three equilibria 
above outlined are established consistently in a 
given case, then the CO, tension so defined is 
close to that of the oxygenated mixed venous 
tension. The question of the magnitude of the 
error involved in the determination will be dis 
cussed after the data are presented. 

It should be noted that in the process of equi- 
libration by rebreathing for the determination of 
oxvgenated mixed venous CO, tension, there is an 
inherent advantage not shared by a technique em 
ploying inhalation of a foreign gas ; in that poorly 
ventilated parts of the lungs, during the process 
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of rebreathing, w-ill be constantly receiving CO. 
from the incoming venous blood, as well as from 
tlie rebreathed air; and the CO. tension of oxj-- 
genated mixed venous blood is therefore more 
readily attained throughout the lungs, providing 
that ventilation is sufficient throughout to bring 
about complete arterial oxygenation. It is there- 
fore possible that a method of rebreathing CO. 
may be valid in cases where a method using in- 
halation of a foreign gas is not. 

The question may well be raised, why equilibra- 
tion for oxygenated mixed venous CO. was at- 
tempted in the present investigation, rather than 
equilibration for mixed venous oxj-gen or for both 
true mixed venous CO. and O,, as in the tech- 
nique of Burwell and Robinson (9). The chief 
reason for our choice of method was the results 
of Richards and Strauss (6), who demonstrated 
both on theoretical and experimental grounds, in 
normal subjects, the difficult}' of securing ade- 
quate equilibrium of rebreathed gases, with re- 
spect to ox}'gen. Presumably this difficulty 
would be increased in subjects with disturbed pul- 
monary function. Grollman, Friedman, Clark and 
Harrison ( 10) , in a recent paper, have brought out 
some of the practical difficulties of ox}'gen-equi- 
libration methods. Friedman, Qark and Harri- 
son (11) have subsequently described an adapta- 
tion of the Burwell-Robinson technique, modified 
by the use of longer rebreathing periods, repeated 
samplings during refareathing, and arterial blood 
samples also drawn during rebreathing. It may 
be that this method will be found applicable to 
certain cases of pulmonary disease. 

An important assumption should perhaps be 
mentioned, which is made both by methods em- 
ploying the Fick-principle and by most methods 
using inhalation of a foreign gas (6, 12) ; namely, 
that any change in blood flow produced by the 
hyperv'entilation of rebreathing, does not meas- 
urably affect the arteriovenous differences of ox}'- 
gen or CO. within the time during which re- 
breathing takes place. 

METHODS 

The apparatus and technique were essential^' the same 
as those employed by Richards and Strauss (6). A dia- 
gram is shown in Figure 1. 

For the experiment, the subject was in the resting post- 
absorptive state, lying supine, with one pillow. Mouth- 
piece and noseclip were applied and the subject respired 



Fic. 1. Di.^gram of Ap?ap_\tus Used for Oxygex.^ted 
Mixed \'’exous CO; Texsiox Detehiiixatioxs. 

A. intake flutter valve. B, shut-off slide valve. C, 
mouthpiece. D, evacuated gas sampling tubes. E, three- 
way valve, connecting with rebreathing bag F. G. crat- 
flow flutter valve. For cardiac output determination, the 
same apparatus was used, outside air being led in through 
valve A, and expired air from G collected in a Tissot 
spirometer. 

through the apparatus for about ten minutes, so that a 
steady state might be reached. At a signal “blow,” 
given at the end of a normal expiration, the subject made 
a complete expiration, while slide valve B was closed off. 
An alveolar sample was then taken into one of the evacu- 
ated tubes, and valve E then turned to connect the sub- 
ject with the rebreathing bag. The subject then emptied 
and filled the bag completely, by successive respiraffon, 
a sample being taken into the evacuated sampling tubes 
every five seconds at the end of complete expiration. 
The rate of respiration varied with the subject; those 
with large vital capadties and slow resting respiratory 
rates made only four or five complete respirations in 20 
seconds, those tvith small capadties and rapid rates re- 
breathed six or seven times in 20 seconds. The volume 
of air used in the bag for rebreathing also varied with 
each subject, from 1,500 cc. to 3,000 cc.; the volume be- 
ing such that the subject could just empty the bag com- 
pletely with a deep, rapid inspiration. 

Several preliminary experiments were made during the 
first few days of the investigation of a given subject, 
with the double purpose of training him in the technique 
of rebreathing and of determining proper concentrations 
of CO; to be used in the rebreathing bag. The remain- 
der of the gas mixture was, of course, pure oxygen. 
Usually one experiment with a very high (over 60 mm.) 
CO; concentration and one with a very low (less than 
45 mm.) were performed to provide an approximate esti- 
mate of the level of CO; tension reached by the subject 
during rebreathing. In succeeding experiments, inter- 
mediate concentrations of CO; were used, and the upper 
and lower limits were thus determined v-ntiun which the 
rebreathing procedure brought the CO: tension to a con- 
stant leveL 

For the exact determination of oxygenated mixed ve- 
nous CO:, two or more experiments were performed on 
the same morning, and the CO: tension of the mixture of 
CO; and oxygen in the bag, as measured just before the 
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scriptions of some of the cases are given in a 
subsequent paper. 

E, S., an Italian- American youth of 17, with an 
early tuberculous lesion in the left upper lobe, was 
studied before and during the course of establish- 
ment of a left pneumothorax. He had, as shown 
in Table I, an excellent capacity for rebreathing to 
a constant level varying initial tensions of CO„ 
both before and after his pneumothorax. Fur- 
thermore, there was a close agreement (Table II) 
between rebreathed COg tensions in the expired air 
and the CO, tension of the simultaneously drawn 
arterial blood ; this experiment was done at a time 
when the patient had a complete left pneumotho- 
rax. Similar results were obtained with M. P., an 
Italian woman of 22, with a small healed lung 
abscess and a partial collapse, which was later al- 
lowed to re-expand; with the exception of a 
rather poor agreement between the CO, in the 
lungs and the blood in the first experiment (Table 
II), although there was complete oxygenation of 
the arterial sample. In the second experiment a 
good agreement was obtained, 

L. P, and I. A. were young men each of whom 
developed a spontaneous pneumothorax with posi- 
tive pleural pressure (-j-4, -f-8 in L. P., -f- 5, 
-f- 13 in I, A,), Each one also had a partial re- 
expansion, then a second spontaneous collapse and 
a second re-expansion while under observation, 
L. P, showed (Table I) at first a satisfactory 
equilibration to constant COg tension in the re- 
breathing experiments, then a period (experi- 
ments of April 11th and 12th) following his 
second collapse when equilibration of CO, was 
less satisfactory; followed in turn by a third pe- 
riod when positive pleural pressure was reduced 
and re-expansion progressing, during which satis- 
factory equilibration was again attained. No 
blood experiment was done with this patient. 
The arterial blood experiment on I, A,, done when 
pneumothorax was still nearly complete and pleu- 
ral pressure positive (+5, +13), showed a 
fairly good agreement of CO, tensions in the 
lungs and the arterial blood, though oxygen satu- 
ration was not quite complete. 

Patient J. H., with advanced bilateral tubercu- 
losis, showed, nevertheless, surprisingly good ca- 
pacity for bringing varying mixtures of CO, and 
oxygen to an equilibrium during rebreathing. He 
had*at this time a slight arterial oxygen unsatura- 


tion, Following a partial pneumothorax, when 
arterial oxygen saturation was only 87 per cent, 
he was not able to equilibrate CO, tensions by 
rebreathing quite as satisfactorily as before (Ta- 
ble I, April 20th) . At this time an arterial blood 
experiment showed incomplete arterial oxygen 
saturation, and an arterial CO, tension differing 
by 1,7 mm, from the corresponding CO, tension 
of the alveolar air sample. 

J. M,, a patient with pulmonary fibrosis, mark- 
edly dyspneic but without arterial oxygen unsatu- 
ration, or CO, ” retention,” had a good capacity 
for equilibrating a mixture of CO^ and oxygen 
by rebreathing; and equilibrium between lungs 
and blood during rebreathing could also be dem- 
onstrated. His respiratory state was, however, 
most unstable; this is suggested by the widely 
different levels of equilibrium, in respect to CO, 
tensions, reached in successive rebreathing experi- 
ments (Table I). A large amount of other work 
on this patient being published elsewhere has 
given ample proof of this fact. 

The last two cases, H. E. and L. C., had pul- 
monary emphysema. With the former it was 
usually possible in rebreathing experiments to 
establish an equilibrium in CO, tension; though 
in some experiments the results were quite ir- 
regular. It was not possible, in two arterial blood 
experiments (Table II), to demonstrate the ex- 
istence of equilibrium between tensions of the 
rebreathed expired air and the arterial blood, 
H. E. had arterial oxygen saturation, usually be- 
tween 85 per cent and 90 per cent. With patient 
L. C., there was not demonstrable any equilibrium 
or “ plateau ” level of CO, tension in the course 
of rebreathing; the curves of CO, tensions of 
rebreathed expired air, plotted against time, as 
illustrated in Figure 2, and in the last experiment 
of Table I, are characteristic of the behavior of 
this emphysematous subject. 

In brief, the experimental material shows: that 
in two cases of simple artificial pneumothorax, 
with pulmonary function otherwise good, and m 
one case of spontaneous pneumothorax with posi- 
tive pleural pressure, it was possible to determine 
CO, tensions of oxygenated mixed venous blood 
by rebreathing methods; that there was^ some 
doubt of the applicability of the method in one 
phase of a second case of spontaneous pneumo- 
thorax with positive pleural pressure; that the 
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ES. Left Apical TB. LC Emphysema 

Bag Ma Seconds’ fiebreafhing — »- 
a 10 15 20 25 30 10 15 20 25 30 


Fic. 2. CO; Tensions or Expired Air During Re- 
breathing, Showing: Equiubrium Reached by E. S., 
Absence of Equilieriuji Leitl by L, C. 

First column (Bag a) gives initial CO; tension in 
rebreathing bag, before rebreathing was begun. 

method was shown to be unreliable in a case of 
advanced bilateral tuberculosis with pneumo- 
thorax, in a case of pulmonarj’ fibrosis with 
marked dyspnea, and in two cases of pulmonary 
emphysema. 

It is probable that the CO, tensions obtained 
are not the absolute values for the CO- of the 
resting oxj’genated mixed venous blood ; but that 
there are small systematic errors due to recircula- 
tion of small amounts of blood within 20 seconds, 
to the hyperventilation of the rebreathing proce- 
dure, and so forth. These factors have been dis- 
cussed previously by various investigators. The 
method thus gives a relative rather than absolute 
measure of this function. 

An estimate can be made of the limits of ex- 
perimental error of the method. For our own 
purposes, in cases of abnormal pulmonary func- 
tion (see subsequent paper (13)), these values 
of CO, tension are useful only in determining the 
actual CO, content of the mixed venous blood. 
It may therefore be well to estimate the experi- 
mental error of measurement of this latter func- 
tion. A group of two properly conducted re- 
breathing experiments with a trained subject can 
be expected to give three of the four values of 
CO, tension at the 15-second and 20-second inter- 
vals agreeing within about 0.7 mm. or 0.8 mm. of 
CO, (see Table I). This difference represents 


about 0.3 volumes per cent of CO, content. In 
addition there is the experimental error of method 
in the level of the CO, dissociation cur\'e on which 
these tensions are plotted ; this is chiefly that due 
to the method of blood gas analysis, or plus or 
minus 0.1 volume per cent. These two sources 
thus constitute a considerable experimental error, 
of about 10 per cent in an ordinary* determination 
of cardiac output, since the arterial arteriovenous 
differences of CO, with which one is usually deal- 
ing are only about 4 volumes per cent. 

A final brief comparison may be suggested be- 
tween the above method as applied to determina- 
tion of cardiac output and the methods involving 
inhalation of a foreign gas. The errors of method 
are considerably less in the latter in cases with 
normally functioning lungs. On the other hand, 
it is probable that mi.xed venous CO, can be de- 
termined by rebreathing in certain cases of ab- 
normal pulmonary- function in which ventilation 
is not adequate for the determination of cardiac 
output by fordgn gas methods. A further ad^-an- 
tage of the technique which we have described is 
that it can determine the apph’cability or non- 
applicability of the method in a given case. This 
advantage is also shared, however, by the Groll- 
man techm'que (10), through the measurement of 
acetylene in the blood. 

SUMMAP^y 

1. The applicability of the method of rebreath- 
ing for determining CO, tensions of the oxy-gen- 
ated mixed venous blood in certain cases of pul- 
monary- disease has been investigated. 

2. The method required the demonstration of 
the same “ plateau ” levels of CO, tension in suc- 
cessive rebreathing experiments, when the initial 
CO, tensions of the mixtures in the rebreathing 
bag in the separate experiments varied by- several 
millimeters ; and the demonstration of equilibrium 
between CO, tension in the samples of expired 
air (during rebreathing) and the CO, tension in 
the simultaneously- drav,-n arterial blood. 

3. It has been found that the method gave sat- 
isfactory- results in tw-o cases of unilateral arti- 
ficial pneumothorax ; gave doubtful results in tw-o 
cases of spontaneous pneumothorax with positive 
pleural pressures; and v.-as unreliable in a case of 
advanced bilateral tuberculosis, a case of pulmo- 
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nary fibrosis with dyspnea, and two cases of ad- 
vanced pulmonary emphysema. 

4. By the technique described it can be deter- 
mined in a given case whether the method of re- 
breathing is applicable or not. 
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The effects upon cardiac output of the estab- 
lishment of a closed unilateral pneumothorax have 
been investigated from time to time in animals for 
many years past; but in man only very' recently. 
The animal experimentation has had varying re- 
sults, depending upon the type of experiment per- 
formed and the species of animal used (1, 5, 8). 
Most of them have been acute e.xperiments, in 
which there has thus been no close similarity with 
the gradually induced and chronically maintained 
therapeutic pneumothorax. After a review of the 
literature, Weiss (1) concluded that in animals 
(such as rabbits) with imperforate mediastinum, 
the usual effect of unilateral pneumothora.x is a 
decrease in total cardiac output, though he consid- 
ered this to be due to secondary pulmonary and 
circulatory effects rather than to the pneumotho- 
rax itself. Perhaps the nearest morphological 
analogy have been the recent experiments of Hil- 
ton (2) on goats, a species whose mediastinum is 
apparently similar to that of man. Using animals 
of 20 to 25 kgm. weight, he found that a small 
pneumothorax (200 cc.) caused a small increase 
in cardiac output, associated with decrease in arte- 
rial oxygen saturation, A large pneumothorax 
(500 cc.) caused a fall in cardiac output, with fur- 
ther fall in oxygen saturation. 

The first report that we have found of cardiac 
output measurements in man following the estab- 
lishment of unilateral pneumothorax is that of 
Berconsky in 1931 (3). His method was essen- 
hally that of Field, Bock, Gildea and Lathrop (4), 
using CO, tensions of the alveolar air as equiva- 
lent to CO, tension of the arterial blood, and us- 
ing the rebreathing technique to establish mixed 
venous CO, tensions. He made three measure- 
ments on one case and one' on a second; both were 
young women with nearly complete collapse of 
one lung. The three values for cardiac output in 
the first case averaged about 3.2 liters per minute, 
or less than half the average value obtained by this 


method with normal subjects. In the one deter- 
mination on the second case, the cardiac output 
was 7.4 liters per minute, or near the upper limit 
of his values for normal vromen. The method in 
this study provided no proof that alveolar air was 
equivalent to arterial blood in respect to CO, ten- 
sion, or that a definite equih'brium with respect to 
CO. tension had been reached by rebreathing, in 
the technique for determim'ng CO, tensions of 
oxygenated mixed venous blood, 

Richards, Riley and Hiscock (5) pubh'shed in 
1932 the results of determinations of cardiac out- 
put, also using a method involving the Fick prin- 
ciple, on three young men, before and at intervals 
during the establishment of unilateral pneumo- 
thorax. In one of these cases standard basal con- 
ditions were not maintained, and alveolar air sam- 
ples only w’ere used to determine values of arterial 
CO, tension. The experiments on the other two 
cases were more carefully controlled. Standard 
basal conditions were observed. Arterial CO, 
content was measured directly as well as indirectly 
through the use of CO, tensions of alveolar air; 
in one case in every determination except one of 
the experiments in the control period, in the other 
case once during the control period and twice dur- 
ing the period when pneumothorax was being in- 
duced. In the determination of CO, tensions of 
the oxygenated mixed venous blood, an equilib- 
rium was established in successive rebreathing 
procedures, according to a technique previously 
described by Richards and Strauss (6) (also re- 
viewed in the preceding paper b}- the present au- 
thors (7)). In one of the two patients, who had 
one lung approximately 50 per cent collapsed in 
one week, there occurred a diminution in cardiac 
output from an average of 5.0 liters per minute 
to an average of 3.3 liters per minute. The sec- 
ond case, one of whose lungs uas about 70 per 
cent collapsed in a month, had a cardiac output at 
the end of this period of 4.0 liters per minute, as 
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compared with an average figure of 4.8 liters per 
minute in the control period. 

During the past year Nylin (8) has published 
the results of cardiac output determinations on 
two carefully studied cases, before and during the 
course of establishment of unilateral pneumotho- 
rax. For the cardiac output determinations the 
acetylene method of Grollman was used. The 
first case was a man of 32, with a right lower 
lobe lesion. Practically complete collapse of the 
lung was obtained, with intrapleural pressure 
about neutral. Cardiac output varied between 4.6 
and 3.7 liters per minute, but there was no con- 
sistent change after collapse of the lung was 
established. The second case was a woman with 
extensive tuberculosis of the left lung. Collapse 
was obtained in this case also, though high posi- 
tive pleural pressures (-f- 7, -{-9 and -f- 12, 
-}- 14) were maintained. In this case also there 
was no consistent change in cardiac output fol- 
lowing pneumothorax, the values varying between 
3.6 and 3.0 liters per minute. 

The discrepancy in the results of the two papers 
just referred to calls for both examination of the 
technique employed and further study of the same 
subject. The method of Richards, Riley and His- 
cock (5), even with the greatest care observed, in- 
volves a considerable experimental error, as fur- 
ther studies to be reported presently will show. 
An average decrease in cardiac output of 34 per 
cent in the first of the two cases and 17 per cent 
in the second would seem, however, to be outside 
these limits of error. When pneumothorax is 
established, as we will also show presently, CO, 
tension of the alveolar air cannot be relied upon 
to represent the CO, tension of the arterial blood ; 
in the second case of Richards, et al., therefore, 
more numerous arterial blood studies should have 
been done. Since both of the cases had appar- 
ently normal pulmonary function, except for 
pneumothorax, it seems likely that the method of 
obtaining mixed venous tensions was adequate, if 
one may judge from the results of the previous 
paper by the present authors (7). However, as 
no studies were made of the CO, and oxygen ten- 
sions of arterial blood drawn during the rebreath- 
ing procedure, this point remains unproved. 

Nylin’s use of the acetylene method raises 
the question of adequate mixture of this foreign 
gas through the lung fields in cases of pneumo- 


thorax. No proof is presented that this took 
place, and it is of course an essential feature for 
proper application of the method (16). The re- 
cent studies of Bjdrkman (9) show that collapsed 
lungs vary considerably in the amount by which 
they are aerated by respiratory movements. 

In the present investigation we have made de- 
terminations of cardiac output on six cases with 
unilateral pneumothorax. Short case histories 
are given at the end of the paper. There were 
three cases of tuberculosis followed before and 
during pneumothorax treatment ; one patient with 
healing lung abscess who was studied while she 
had a partial pneumothorax and again after com- 
plete re-expansion; and two patients with spon- 
taneous pneumothorax, with at first strongly posi- 
tive pleural pressures, on whom measurements 
were made at various stages of collapse. All the 
patients were afebrile throughout the periods of 
study. 

METHOD 


'The technique was similar to that employed by Rich- 
ards, Riley and Hiscock (5) but with more extended 
study of each individual case, and particular efforts to 
establish the validity of the arterial and venous COs val- 
ues, upon which this cardiac output measurement is based. 

Standard basal conditions were observed, the patient 
moving only from the ward to the laboratory in the 
morning, then resting for half an hour or longer on the 
bed. The patient lay in the supine position, with one 
pillow. Mouthpiece and noseclip were applied and he 
breathed through the apparatus for ten minutes in order 
that a steady state might be reached. A diagram of the 
apparatus used is shown in Figure 1 of our preceding 
paper (7), A six-minute sample of expired air was first 
collected in the spirometer. Then at the end of a normal 
expiration, at a signal “ blow,” a complete expiration was 
made by the subject, while slide valve B was shut off. 
At the end of complete expiration a sample of alveolar 
air was taken into one of the evacuated sampling tubes, 
and the slide valve then reopened. After a rest period 
of from three to five minutes the alveolar sampling was 


repeated ; this time, immediately after the taking of the 
alveolar sample, valve E was turned to connect with the 
rebreathing bag. The subject then emptied and filled the 
bag with successive deep respirations, at the rate usually 
af one every 5 seconds, sometimes slightly more rapidl>. 
In the early experiments a sample, at the end of a com- 
plete expiration, was taken into an evacuated tube after 
15 seconds’ rebreathing, then another respiration made, 
ind valve E turned, closing off the rebreathing bag; a 
;ample (20 seconds) was then taken from the bag. In 
he later experiments more evacuated sampling tubes 
,vere attached, and samples at the end of expiration 'verc 
aken 15, 20, 25 and 30 seconds after the beginning of 



CARDIAC OUTPCT IK UNILATERAL PNEUMOTHORAX' 


183 


rebreathins- The subject then had a rest period of IS 
to 30 minutes after which the whole procedure just 
described was repeated. 

Arterial blood samples (20 cc.) were drawn, while the 
subject respired through the apparatus, after infiltration 
with novocaine of the region of the brachial artery. With 
some subjects this was done before the rebreathing pro- 
cedures, with others after, with others between the two 
periods. There appeared to be no difference, in this re- 
spect, in results obtained. There was no evidence that 
the puncture disturbed the stead}' state of the individual. 
Gas analyses were done with the Haldane apparatus. 
Special precautions were taken in handling the blood. 
It was drawn into an oiled s}Tinge, transferred, under 
parafin oil, to chilled bottles containing dried potassium 
o.xalate and sodium fluoride, as described in our preceding 
paper. The blood was kept on ice until the analyses were 
done. Duplicate analyses of COj and O- content were 
made, and, according to the “ first method ” of Austin, 
Van Slyke, et al. (11), two points were determined on 
the oxygenated whole blood COi curve. The tensions of 
the points were about 35 mm. and 55 mm. The curve 
was drawn on logarithmic paper, by the use of the linear 
relationship of Peters (18). 

On this COj diagram, arterial, alveolar, and mixed 
venous points were then plotted, arteriovenous differences 
obtained, and cardiac output calculated in the usual man- 
ner by dividing arteriovenous COj difference into COj 
output per minute, and dividing this quotient by 10, to 
give cardiac output in liters. It was thought that arte- 
rial blood represented mixed venous blood in respect to 
tv-ater and eIectroI}te contents, more closely than would 
any peripheral venous sample. 

In addition to the measurements incident to the deter- 
mination of cardiac output, rebreathing experiments to 
determine mixed venous COi tensions were carried out 
from time to time during each patient’s course, to insure 
so far as possible the applicability of the method. These 
have been described in our preceding paper (7). It will 
be noted that four of the subjects of the present investi- 
gation also had particular studies made of their mixed 
venous equilibria. 

CRITICISM OF METHOD 

Against cardiac output methods of the type de- 
scribed above, two general criticisms are usually 
made, and with justification. The first is that the 
various technical manipulations with blood and 
alveolar gases are so many, and the resulting ar- 
teriovenous difference of CO, content so small 
that even with the most scrupulous technique the 
error of method will be large. We have discussed 
this in the preceding paper, in connection with de- 
termination of venous CO, values, and concluded 
that this error will be at least 10 per cent, when 


one includes both the level of the CO, dissociation 
curve, and the mixed venous tensions. 

The second critidsm concerns the additional 
error that occurs in the determination of arterial 
CO, content. Even when an arterial puncture is 
painless, there may be, as Jansen, Knipping and 
Stromberger (12) and others have shown, irregu- 
larities of pulse or respiration that may disturb 
the subject’s steady state and so change the arte- 
rial CO, level from its resting value. Work by 
numerous investigators has, however, shov,'n that 
the CO, tension of alveolar air and of arterial 
blood obtained during the same resting period, 
with trained subjects, are in agreement (13). 
This applies to average results ; it is quite true that 
in individual experiments there may be differences 
of a millimeter or more. It is also true that with 
certain individuals a technique such as the Hal- 
dane-Priestley will give CO, tensions of alveolar 
air that consistently differ by a millimeter or more 
from those of the arterial blood ( 14) . 

In cases of abnormal pulmonary function it is 
of course not justifiable to assume that CO, ten- 
sions of alveolar air and arterial blood will corre- 
spond ; in our tables we have included figures for 
cardiac output based upon arterial blood values 
only, except in control periods when no pneumo- 
thorax existed. 

It should be noted also that since we do not 
know whether or not the acid-base relations of 
extravascular blood (oxalated or heparinized) ex- 
actly correspond with those of intravascular blood, 
arteriovenous differences as calculated have prob- 
ably more of a relative than absolute significance. 

From the above it is probabl)- fair to conclude 
that in the use of this method repeated measure- 
ments in a given state are necessary-, that to be 
significant one group of measurements should dif- 
fer from another by well over 10 per cent, perhaps 
as much as 20 per cent. 

It is far from an ideal technique, as it has a 
large error and is laborious and difficult. Its ad- 
vantage in these cases of pulmonary abnormality 
is that bj' it one can obtain an indication in any- 
given case whether the method is applicable or 
not. 

Our interest in the present paper h'es in the 
changes in cardiac output occurring in a given sub- 
ject rather than in the absolute values of this func- 
tion. Which of the various methods for cardiac 
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TABLE I 


Cardiac output and other circulatory and respiratory functions in relation to unilateral pneumothorax. 
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02 

sat- 
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Oxygen- 
ated ven- 
ous CO 2 





Pleural 

pressure 

Lung 

ven- 

tila- 

tion 
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lar 

CO 2 
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alve- 
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alve- 

pac- 
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col- 

lapse 
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rial 
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rial 

olar 











tion 
















cc. 

vol- 

vol- 





vol- 

vol- 
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liters 







kgm. 
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Per 

per 
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umes 

per 

times 

per 

per 

min- 

Per 

min- 

liters 

mm. 

cm. 

per 

cent 




uie 

ute 

ute 

cent 

cent 




cent 

cent 

cent 

ute 

ute 




E. S. 

June 10 


7.73 

256 

323 

49.6 

20.2 

97 

39.3 

49.1 

53.4 

3.8 

4.1 

6.7 

6.2 




0 

male 

June IS 


7.28 

243 

301 

— 

— 

— 

39.1 

49.9 

S3. 7 


4.5 


.^-4 




17 

June 29 

93 

7.20 

243 

315 

51.7 

20.1 

95 

39.9 

48.7 

54.5 

2.8 

3.7 

8.7 


? 

60 



height 

July 12 

86 

7.99 

219 

277 

47.2 

20.1 

96 

35.4 

46.9 

52.0 

4.8 

5.5 



90 

- 3 , -8 

+5,-1 
+ 12,+4 

20 

70 

85 

183 cm. 

Aug. 5 

8.57 

224 

318 

49.4 

16.6 

93 

34.1 

48.0 

54.4 

5.0 

6.4 

Ha 




Sept. 21 

86 

7.20 

217 

296 

51.9 

18.8 

98 

36.4 

47.4 

57.2 

5.3 

4.9 

4.1 


— 

95 

M. P. 

Jan. 27 


5.68 

163 

203 

42.4 

17.9 

91 

32.7 

42.3 

47.0 

4.6 

4.2 

3.5 




-1,-6 
+ 1.-6 
—4 —17 

40 

female 

Jan. 31 


5.37 

144 

183 

42.4 

18.9 

98 

33.7 

42.4 

47.1 

4.7 

4.0 

3.1 


1.3 

80 

60 

22 

Feb. 25 

50 

5.19 

156 

204 

46.0 

18.8 

97 

36.8 

43.4 

49.6 

3.6 

3.3 

4.3 

4.7 



0 

height 

142 cm. 

Mar. 9 

4.98 

155 

199 




35.4 

42.5 

49.1 

""■ 

3.5 

4.4 

— 

— 

-2^-10 

0 

D.J. 

Apr. 18 

67.3 

6.49 

214 

238 

50.8 

18.5 

96 

37.9 

49.7 

55.2 

4.4 

4.5 

4.9 

4.8 

4.1 



0 

male 

Apr. 22 


6.29 

195 

223 

50.2 

18.8 

95 

39.1 

49.7 

54.0 

3.8 

4.3 

5.1 

4.5 


60 


0 

20 

May 24 


6.61 

206 

262 

48.6 

18.3 

92 

34.8 

48.7 

52.6 

4.0 

6.1 

5.1 


3.1 

30 

+1.-1 

30 

height 

178 cm. 

June 3 



195 

247 

43.9 

18.3 

94 

32.3 

45.6 

48.7 

4.8 


4.1 


2.9 

125 

4 - 3 ; -2 

40 

F. P. 

Mar. 25 

59.6 

6.17 

166 

199 


— 

- - 

42.0 

51.4 

57.6 



_ 

4.5 

4.5 

25 


0 

male 

Mar. 30 


6.80 

213 

255 

— 

— 

— 

41.1 

53.6 

58.5 

— 



4.4 




0 

26 

Apr. S 

60.6 

6.79 

201 

235 

54.2 

17.6 

94 

42.4 

53.4 

57.5 

3.3 

KftI 

6.1 

4.6 





0 

height 

Apr. 11 


6.71 

206 

241 

54.2 

17,7 


41.7 

51.9 

57.9 

3.7 


i3Bl 

5.0 

4.5 




0 

180 cm. 

Apr. 27 

61.9 

7.04 

197 

236 

51.1 

16.8 

93 

36.5 

48.1 

55.6 

4.5 

4.9 

EH 


3.0 

26 

0,-4 

40 


May 11 

63.2 

6.84 

196 

236 

50.0 

■Wtil 

90 

36.3 

48.3 

54.7 

4.7 

5.0 

4.2 


2.4 

42 

-1,-4 

SO 


June 7 


6.56 

180 

230 

49.7 

18.3 

93 

36.6 

49.1 

53.3 

3.6 

5.9 

5.0 


2.8 

70 

+s,+i 



June 22 

62.3 

6.72 

195 

250 

50.4 

18.4 

95 

35.6 

50.4 

50.9 

4.5 

6.6 

4.3 



SO 

+3, + l 

85 


July 30 

59.6 

6.90 

177 

230 

48.2 

18.7 

93 

34.0 

48.1 

52.5 

4.3 

6.3 

4.1 


2.2 

SO 

+3,-2 

95 


Oct. 11 


7.55 

199 

263 

49.5 

17.3 

94 

35.5 

49.3 

54.0 

4.5 

5.8 

4.4 


— 

0,-7 

90 

I, A. 

Jan. 28 

61.0 

6.53 

175 

208 

48.2 

22.0 

94 

35.3 

48.5 

52.6 

4.4 

6.6 

4.0 


, ■ 

80 


85 

male 

Feb. 1 


5.98 

182 

227 

49.9 

21.8 

93 

39.2 

51.3 

53.2 

3.3 

5.2 

5.5 


1.5 


+8,+10 

70 

24 

Feb. 16 


5.47 

166 

190 

49.7 

22.8 

93 

39.2 

51.1 

52.8 

3.1 

5.8 

s.s 



85 

+4, + 10 

85 

height 

Mar. 3 


4.85 

171 

208 

50.1 

22.9 

96 

39.8 

50.2 

53.0 

2.9 

5.1 

5.9 


1.8 

67 

+5,-1 

60 

180 cm. 

Mar. 14 

62.0 

5.00 

171 

216 

51.1 

22.9 

95 

40.3 

50.0 

54.3 

3.2 

4.7 

5.3 


2.0 

— 

55 

L. P. 

Mar. 6 

61.0 

6.00 

215 

259 

46.9 

20.5 

95 

38.5 

48.2 

51.6 

fSk 

3.9 

4.6 


2.1 

105 

+8, + l 

80 

male 

Mar. 10 

62.9 

5.41 

mSM 

244 

48.1 

20.9 

95 


47.1 

52.3 


2.7 

4.9 


2.4 

45 

+4,-2 

65 

29 

Mar. 28 

64.1 

6.32 

212 

260 

47.7 

20.9 

93 

38.9 

45.7 

51.7 

4.0 

2.9 

5.3 


1.7 

78 

+ 10, +3 

85 

height 

Apr. 14 


5.90 

205 

292 

47.0 

MIKil 

93 

38.9 

46.8 

53.3 

6.3 

3.2 

3.3 


2.1 

60 

+8. + 1 

75 

188 cm. 

Apr. 25 

65.6 

5.54 

210 

256 

48.5 

21.4 

98 

38.8 

46.4 

52.0 

3.5 

3.6 

6.0 


2.6 

67 

+6,-2 

65 


May 18 

70.0 

5.79 

222 

239 

49.7 

21.2 

99 

36.1 

46.6 

53.6 

3.9 

4.7 

5.7 


3.4 

60 


30 


output determination gives values nearest the ac- 
tual true ones is difficult to say. Earlier Fick- 
principle methods gave values in normal subjects 
that were almost certainly too high, due to inade- 
quate technique for determining CO, or oxygen 
of the mixed venous blood (6). Later Fick- 
principle methods have given lower figures, in 
the region of 2.0 to 3.0 liters per minute per 
square meter of body surface (14). Starr’s (15) 
recently published figures with a revised ethyl 
iodide inhalation technique are similar to these 
(2.40 ±: .55 liters). The nitrous oxide method 
and the acet 3 dene method have slightly lower nor- 
mal values (2.2 ± .2 liters for the latter). The 
comparisons of Bauman and Grollman (16) be- 
tween figures obtained by use of the acetylene 
technique and those obtained by direct puncture 


of the right heart are valuable evidence, but were 
all apparently carried out on patients with some 
pathological condition. In four patients with pre- 
sumably normal cardiac output this value varied 
between 2.2 and 3.3 liters per minute per square 
meter of body surface. Certain recent experi- 
ments with the acetylene technique suggest that 
this may give values that are too low: when for 
example, in a case of anemia Bandow, Birkner 
and Bohnenkamp (17) find arteriovenous oxygen 
differences that are 125 per cent of the subjects 
total oxygen capacity, one must necessarily ques- 
tion the reliability of the method in this instance. 
The most likely cause would seem to be recircula- 
tion of blood within the time of the experiment, 
Grollman himself (16) has carefully considered 
this possibility. 
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RESULTS 

The values for cardiac output in relation to 
pneumothorax and to several other circulator>' 
and pulmonarj* functions determined at the same 
time for the six cases studied are given in Table I. 
In Figure 1 (A, B and C) the values for cardiac 
output of each case, in liters per minute per square 
meter of body surface, are plotted against the de- 
gree of collapse of the lung. 

It \Yill be seen that in the tsvo cases most care- 


fully studied and most adequately controlled (cf. 
preceding paper), Table I and Figure 1 (A), 
there was an unmistakable decrease in cardiac 
output while the subject had pneumothorax, par- 
tial or complete. One case was studied first dur- 
ing pneumothorax and later after reexpansion, the 
other patient was first studied before establishing 
pneumothorax. There was a good deal of vari- 
ation in values during the control period in the 
latter patient; one of the measurements based on 



Cardiac Output (Liters per 
minute) per Sq.m. Body Surface 



I > « I « . I » » 

12 14 16 18 ZO 22 24 26 23 


Cardiac Output (Liters) per 
lOO ac Oa consumption 


Fig. 1. Cardiac Output Relatioxs ix Pxeumothorax. 

A and D : Subjects E. S. (*), M. P. ( a ) 

B and E: Subjects F, P. (T), D. J. (■) 

C and F: Subjects I. A. (♦), L. P. (w) 

Black symbols represent data calculated from arterial blood CO: contents, open sj-mbols 
data based on alveolar CO: tensions. 
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arterial blood CO 2 content was improbably high, 
and has been omitted from Figure 1. 

In the other two cases of therapeutic pneumo- 
thorax, F. P. and D. J., studies of the equilibrium 
' between rebreathed air and simultaneously drawn 
arterial blood were not made (see previous paper 
(7)), but as the other criteria were satisfactory, 
and pulmonary function except for the pneumo- 
thorax was good, it was thought that the technique 
employed was applicable. The results are shown 
in Figure 1 (B). The average cardiac output in 
F. P. per unit of body surface after pneumo- 
thorax was 14 per cent less than the average in 
the control period; but the scattering and over- 
lapping of the values were considerable, and one 
cannot hold this difference to be significant. With 
D. J. no consistent change was found. There ap- 
peared to be a decrease in the last experiment with 
one lung collapsed at 40 per cent; unfortunately 
this patient left the hospital before further data 
were obtained. 

Starr et al. (15), have shown a better correla- 
tion between cardiac output and oxygen consump- 
tion than between cardiac output and body sur- 
face. We have plotted this relationship in Figure 

1 (D, E and F). Expressed in this way, the 
relative decrease in cardiac output during pneumo- 
thorax is brought out more clearly ; even with pa- 
tients F. P. and D. J. there is little overlapping of 
values determined during the pneumothorax as 
compared with the control period. 

The two cases of spontaneous pneumothorax, 
as shown in Figure 1 (C and F) showed a wide 
variation of cardiac output, and no relation to the 
extent of pneumothorax. As discussed in our 
previous paper (7), further investigation of the 
mixed venous equilibrium in these two cases cast 
some doubt on the applicability of the method. 

DISCUSSION 

In the control state without pneumothorax the 
cardiac outputs of the cases E. S. and M. P. were 
somewhat higher than the average which we find 
by this method in normal individuals; in Figure 

2 (A), for example, the average control value was 
3.0 liters, that in Figure 2 (B) was 2.8 liters, 
which is about that usually obtained by this 
method in this age group. For subject E. S., the 
high control value is probably accounted for by 




Fig. 2. X-ray Outlines of Subject E. S. During 
Deep Inspiration (Continuous Lines) and Deep Ex- 
piration (Dotted Lines), Showing Progressive Estab- 
lishment OF Pneumothorax. 

A, June 29th; B, July 13th; C, August 4th; D, Sep- 
tember 20 th, 1932 . 

his age; Starr and his collaborators (15) have re- 
cently reported high values of cardiac output in 
the age group between 15 and 20 years. When 
expressed in terms of oxygen consumption per 
minute, it is found that all four of the cases of 
artificial pneumothorax had the same levels of 
cardiac output in the control periods (Figure 1, 
D and E). Even though the values in Group A 
in the control periods were slightly high, the car- 
diac output in the presence of pneumothorax was 
lower than the normal limits by this method for 
this age group. 

It seems unlikely that initial unfamiliarity on 
the part of the subjects with the technique was a 
significant factor in the higher values for cardiac 
output in the control periods. The subjects had 
been trained in the technique before any of the 
reported measurements were made. Further- 
more, subject M. P. was, as noted, studied first 
in the state of pneumothorax, and later in the re- 
expanded state. 

The mechanism of this particular circulatory 
adaptation is not apparent from the data which 
we have in these cases. There was no definite 
correlation with mediastinal displacement: M. P- 
had marked displacement; E. S. when his pneu- 
mothorax was complete showed almost none. 
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Fic. 3. X-RAY Outlikes or Subject M. P. 
Similar to Fig. 2. A, January 27th; B, January 31st; 
C, February 25th ; D, March 9th, 1933. 

(See Figures 2 and 3.) No consistent relation 
has been found with venous or pleural pressures, 
oxygen intake or chemical changes in the blood. 
Simple decrease in pulmonaiy vascular bed, as 
suggested by Richards, Riley and Hiscock, does 
not appear to be a determining factor. The only 
phenomenon observed that showed an apparent re- 
lation to decrease in cardiac output was the change 
in diaphragmatic movement produced by pneumo- 
thorax. The three cases whose cardiac output 
was decreased showed also either a greatly dimin- 
ished or a paradoxical movement of the dia- 
phragm on one side. The t\vo cases of spontane- 
ous pneumothorax and the fourth case (D. J.) of 
partial artificial pneumothorax had relatively little 
alteration in diaphragmatic excursion. Possibly 
pulmonary blood flow’ is related rather to the de- 
gree of ventilation of the collapsed lung than to 
the degree of collapse. 

If one assembles all the cases thus far published 
m which the technique of measurement was prob- 
ably adequate, one reaches the tentative inference 
that in simple unilateral pneumothorax there is a 
tendency to diminished cardiac output, w’hich in 
indi\-idual cases may be marked, slight or absent. 
The situation may be not unlike the circulatory 
adaptation assodated with change of posture in 
normal subjects, which shows similar differences 
in individual cases. 


SUMMARY 

1. ileasurements of cardiac output have been 
made in six cases in various stages of um'lateral 
pneumothorax. The method employed the Fick 
principle, arterial blood being drawn for arterial 
CO,, and oxygenated venous CO, being obtained 
by a method described in the preceding paper. 

2. In two cases of artificial pneumothorax car- 
diac output was definitely diminished when uni- 
lateral pneumothorax was established. In a third 
case there was a similar trend but not definitely 
beyond the error of the method. In one case of 
artificial pneumothorax, and in two cases of spon- 
taneous pneumothorax with positive intrapleural 
pressures, no consistent relation between cardiac 
output and state of pneumothorax was demon- 
strated. 
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PROTOCOLS 

E. S., male, age 17, clerk, American. Admitted to Belle- 
vue Hospital, September 4, 1931. 

History— Tuberculosis found on routine x-ray. Family 
history: Sister had tuberculosis for five years. 

Physical examination — Very well developed and well 
nourished. Few crackling rales between 2d and 3d 
interspaces on left. 

X-ray — Few nodular shadows at right apex and left 
hilum, and possibly small cavity in latter region. 

Course — Rest cure for 6 months. After acute upper 
respiratory infection x-ray showed increase in shad- 
ows on left with 3 cm. cavity. Sputum then positive. 
Pneumothorax started July 5, 1932. On August 6th 
developed fever and chest fluid, fever lasting until 
mid-September. Sputum negative after August 18th. 
Mediastinum displaced before fluid developed, but 
fixed in mid position after fluid was absorbed. Pa- 
tient discharged December 9, 1932. ■ 

M. P., female, age 22, clerk, American. Admitted to 
Bellevue Hospital, September 9, 1932. 

History— Following ether anesthesia, patient developed. 


on August 11th, an abscess of the right upper lobe, 
characterized by severe sharp pain, followed by puru- 
lent foul sputum amounting to 2 oz, daily. At the 
time of admission the expectoration had increased to 
4 oz. 

Physical examination— Well nourished white female, not 
dyspneic; coughing moderately, expectoration about 
4 oz., foul. Slight dulness over the right upper lobe 
posteriorly with very few coarse rales on coughing. 
No clubbing of the fingers. Rest of the examination 
negative. 

X-ray — Small cavity at the right apex. 

Sputum — Negative for tubercle bacilli. 

Course — Patient put on postural drainage; bronchoscoped 
on October Sth ; expectoration gradually decreased to 
about 4 cc. and became mucoid in character and odor- 
less. Artificial pneumothorax started November 
16th to collapse the small residual cavity. Small re- 
fills were given twice weekly. On January 31, 1933 
the biggest collapse was obtained, about 60 per cent 
with moderate displacement of the heart under neu- 
tral pressure. From that time on the lung was al- 
lowed to reexpand, cavity having disappeared. Pa- 
tient was discharged on March 25th, the lung having 
fully reexpanded at that time; had no sputum, no 
cough. 

D, J,, age 20, salesman, Irish. Admitted to Bellevue 
Hospital, March 14, 1932. 

History — Onset 12 months previous to admission with 
progressive lassitude and slight cough. Small hem- 
optyses at the beginning of March; practically no 
expectoration. Past history irrelevant. Family his- 
tory: father died from tuberculosis. 

Physical examination — -Very slight cough, productive of 
very small amount of greenish sputum. Few crack- 
ling rales at the right apex ; very good motion of the 
diaphragm on both sides and expansion of both 
halves of the chest. 

X-ray — Fibrotic change in the upper part of the right 
upper lobe with a cavity 3 cm. in diameter. Rest of 
the film normal. 

Sputum — Positive for tubercle bacilli on admission. 

Course — Fever for first week after admission, none there- 
after. Right pneumothorax started April 29th; re- 
fills then given twice a week. Good lung collapse 
with little mediastinal displacement. Sputum nega- 
tive on May 20th. Patient left the hospital June 5, 
1932. 

F. P., male, age 26, waiter, Italian. Admitted to Belle- 
vue Hospital, March 10, 1932. 

History — Onset 1 years previous to admission with loss 
of %veight, 35 pounds, slight cough, increasing in past 
6 months; pain in left chest. Stopped working the 
first of March. Past history, negative. Family his- 
tory, negative. 

Physical examination— Slightly emaciated; moderate 
cough and expectoration. Signs of small cavity m 
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the left upper lobe; slight dulness, bronchial breath- 
ing and few crackling rales in the Ist and 2d inter- 
spaces anteriorly. Right lung apparently clear. 
Good motion of the diaphragm on both sides; S 3 -m- 
mctrical e.xpansion of both halves of the chest. No 
dyspnea, no cj-anosis. 

X-ray — Showed a cavity, 4 cm. in diameter, located at 
the outer part of the left chest, at the Sth and 6th 
rib posteriorly and 2d and 3d rib anteriorly. Very 
slight nodular infiltration in the outer part of the 
right chest. 

Sputum — Positive for tubercle bacilli. 

Course — After 6 weeks of rest in bed, no improvement, 
Artifidal pneumothorax was started on the left side 
on April 14th. Good collapse was obtained with 
progressive increase of pressure. Patient developed 
some fluid, almost from the start, which after May 
10th did not show any tendcncj' to increase. His 
mediastinum was displaced to the right with marked 
respiratorj' swing. Sputum negative on June IsL 
Patient discharged August, 1932. 

I. A., age 24, salesman, Puerto Rican. Admitted to Pres- 
byterian Hospital, January 21, 1933. 

History — Mild cough for 2 years. Chest x-ray 2 years 
predously was negative. Sudden onset of tightness 
in chest, 4 hours before admission, associated tvith 
dyspnea, pain in chest and palpitation. 

Physical — Comfortable when at rest. Right side of chest 
immobile. Signs of large pneumothorax on righL 
Musical amphoric breath sounds heard over right 
chest. Temperature normal. 

^-ray — 90 per cent collapse of right lung. Considerable 
shift of mediastinum to left. Increased bronchial 
markings on lefL ; 

Sputum — Repeatedly negative. Vital capacity 1500 cc. 


Venous pressure 80 mm. H;0. Pleural presstire -f- 8, 
-h 10 cm. H=0. 

Course — Slight reexpansion of lung in first weel^ then a 
second and even more complete collapse. Reexpan- 
sion proceeded steadily thereafter for the next 6 
weeks, at which time it was practically complete and 
the patient was allowed to return home (March, 
1933). He had been well except for recurrent upper 
respiratory infections, when heard from one year 
later. 

L. P., age 29, salesman, Canadian. Admitted to Presby- 
terian Hospital, February 28, 1933. 

History — Sudden onset of pain in right chest in February, 
1933, followed by progressive dyspnea. Admitted to 
hospital 6 days later. 

Physical examination — Right side of chest more ex- 
panded than left and immobile. Signs of large pneu- 
mothorax, Whistling amphoric breathing heard 
over right lower chest. Temperature normal. 

X-ray — 85 per cent collapse of right lung. Moderate 
shift of mediastinum to left Linear fibrosis in left 
upper lobe. 

Sputum — Repeatedly negative. Vital capacity 1900 ca 
Venous pressure 105 mm. H.O. 

Course — Improvement with reexpansion of lung for I 
month. Vital capadty 2900 cc. Venous pressure 45 
mm. H.O. Collapse of lung 40 per cent Then a sec- 
ond spontaneous pneumothorax occurred, collapse of 
lung 85 per cent, vital capadty 1950 cc^ venous pres- 
sure 78 mm. H.O, pleural pressure -f3, -MO cm. 
H.O. Condition unchanged for 2 weeks, after which 
re-expansion began and continued gradually. Dis- 
charged at the end of May with lung reexpansion 
nearly complete. Was wdl when heard from 4 
months later. 
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Previously (1), it was shown that rheumatic 
granulomata are typified by cells which have a 
characteristic appearance when stained supra- 
vitally with neutral red and Janus green (2), and 
which differ, in their reaction to these dyes, from 
the typical cells of tuberculous and experimental 
syphilitic granulomata. The purpose of the pres- 
ent study was to investigate similarly the cells of 
rheumatic exudates, and to compare the cytologic 
characteristics with certain clinical features of 
the disease. It was further proposed to learn 
whether cells like those of rheumatic granulomata 
might be found in these exudates and thus serve 
as a diagnostic aid in questionable cases. 

Forkner, Shands and Poston (3) and Forkner 
(4) have reviewed the work done upon the cyto- 
logic aspects of synovial fluid prior to the intro- 
duction of methods for supravital staining, and 
have indicated the uncertainty which exists con- 
cerning the nature of cells described in those stud- 
ies because of the limitations of the methods used. 
Key (5) employed supravital staining in examin- 
ing cells of synovial fluid of normal rabbits; and 
similar studies were made on synovial fluid of 
normal cattle by Bauer and his co-workers (6). 
Key (7) likewise has described the cells in ex- 
perimentally induced arthritis of rabbits; and 
Forkner, Shands and Poston (3) and Shands (8), 
employed the same technique in studying the syno- 
vial fluid in human chronic arthritis. No reports 
of comparable investigations in rheumatic fever 
are available. 

material and technique 

Sixty-two arthritic, 8 pleural and 5 pericardial exu- 
dates from 33 patients with rheumatic fever were com- 
pared with 35 similar exudates from patients with other 
diseases; 3 fluids from the joints of patients with cardiac 
edema and 2 from supposedly normal joints were also 
studied. (See Tables I and III for data on synovial exu- 
dates.) 


Fluids were aspirated aseptically under novocaine anes- 
thesia, All synovial exudates were obtained from knee 
joints prior to antirheumatic medication; and, in order to 
estimate the amount present, all obtainable fluid was re- 
moved. 

Record was made of the total amount and character 
of the fluid, of the total number of white cells per c.mm., 
and of the differential counts made upon living and fixed 
cells. In some instances, the fluid was centrifuged and 
the sedimented masses, of cells were fixed, imbedded in 
paraffin and examined in ordinary microscopic sections. 

Fixed films of aspirated fluids were stained by several 
methods, the most satisfactory of which was a modifica- 
tion of the malachite green-acridine red stain of Hitch- 
cock and Ehrich (9). As soon as dry, the films were 
fixed in Zenker-acetic solution for 2 minutes, washed in 
running water for 10 minutes, immersed in the mixed 
stain solution for about 30 seconds, rinsed very quickly 
first in water and then in absolute alcohol, and finally 
passed to xylol and balsam. With this method, the cells 
were never obscured by deeply colored debris as they 
often were in films stained with eosin-methylene blue and 
by Wright’s and other methods. 

The supravitally stained cells were examined in a 
warm-box at 37° C. within 30 minutes of aspiration. 
Drops of fluid were placed upon cover slips which were 
then inverted upon slides covered with a dry film of neu- 
tral red and Janus green. The details of the method are 
given elsewhere (1, 10). 

It was possible to record the differential counts in 
three ways; (1) in terms of percentages of the various 
cell types, (2) as the number of each type per c.mm., or 
(3) as the approximate total number of each type con- 
tained within the individual joint cavities. The latter 
method was chiefly employed. 

RESULTS 

Cytologic changes in the fluid of a single joint dur- 
ing the course of rheumatic polyarthritis 

An attempt was made to follow the cytologic 
changes in the fluid of a single rheumatic joint as 
the inflammation progressed and receded.^ To 
this end, samples of synovial fluid were obtaine , 
at intervals of one to four days, from the knee 
joints of two patients (P. G. and J. Si., Table )• 
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TABLE I 

Summary of data for synooial fluid from patients scith rheumatic fever — only specimens from joints uncomplicated by previous 

aspiration are listed 


Patient 

Ace 

?cx 

Joint 

Due 

of 

dis- 

ease 

atioD 

of ar- 
Ihrita* 

Severity 

of ar- 
thritb* 

Start of 
arthritis* 

Tempera- 

turct 

White 

btood 

connU 

Ammint 
of dnid 

Charae* 
ter of 
finld 

White 
cells per 
c. mm. 
synovial 
fluid 

Polya. 

aas- 

mato- 

cylcs 

Lymph- 

ocytes 

Mo=o- 

crt« 

Kn(5f- 

ferca- 

tiated 

celisS 

Other 

ceEj'f 

1 

M. ^L 

rert 

23 

M. 

anec 

iayi 

17 

dsii 

17 

a. 

n 

100.S-I03 

11,000 

cx, 

T 

■ 

14,S«0 

pcrcerJ 

49 

per cent 
31 

pereenf 

15 

^cerj. 

2 

percru* 

3 

perercf 

0 

J.O'B. 

37 

M. 

xcec 

m 

5 


3 

103 -104 

14.000 

25 

fiaiy 

1,440 

IS 

50 

16 

14 

2 

0 

■ 

47 

M. 

iLKn, 

21 

s 

3 

improving 

102 -10* 

12,000 

40 

cloady 

10,020 

So 

11 

2 

a 

2 

0 



jt. Kn. 

21 

m 

s 

Improving 

102 -10* 

12.000 

15 

bL tinged 


12 

80 

0 

2 

6 

0 

C. M. 

12 

F. 

ilt-Kn. 

12 

7 


improving 

100 

6.000 

5 

clear 

1,200 

35 

* 

40 

0 

4 

16 




Lt, Kn. 

12 

5 

U- 

improving 

100 

6,000 

20 

clear 

1,620 

39 

3S 

16 

3 

a 


ES. 

10 

SL 

cvnee 

19 

3 

+++ 

advancing 

103 -105 

31,000 

10 

bL tinged 

25.S00 

87 

9 

2 

1 

a 


J.Sw, 

IS 

F. 

Cnee 

11 

B 


stationary 

102 -103 

22.000 

10 

clear 

23,600 

S3 

14 

3 


0 

0 

J.Si. 

49 

M. 

RLKn. 

T 

7 

+ 

improving 

99.&-103 

13,000 

15 

flaty 

3,000 

a 

a 

s 

1 

a 

10 



Lt. Kn. 

T 

5 


improving 

90.6-103 

13,000 

20 

fiaty 

3,840 

36 

46 

I 

I 

6 

10 

E.B. 

S 

M. 

Knee 

17 

a 


stationary 

101 -103 

11,000 

2 

clear 

cot done 

66 

16 

14 

2 

0 

2 

J.P. 

27 

F. 

Rt.Kn. 

45 

a 

++ 

advancing 

101 -103 

8,000 

8 

flsir 

3,400 

40 

38 

14 

a 

8 

0 



Lt. Kn. 

47 

16 

& 

advancing 

101 -103 

23,000 

15 

mm 

7,260 

80 

13 

4 

a 

a 

3 

G. 

6 

M. 

Knee 

33 

23 

a 

stationary 

100 -103 

23,000 

1 

n 

47,600 

B 

a 

1 

2 

0 


P.G. 

20 

M. 

RLKn. 

14 

11 


improving 

ai 

13.000 

45 

dear 

EOO 

10 

a 

£2 

0 


I 



Lt JCa, 

u 

14 

db 

improving 

ai 

13,000 

33 

clear 

1,010 

14 

14 

66 

4 

2 

0 

T. 

7 

M. 

Knee 

13 

s 


improving 

101 -103 

33,000 

i 

flaiy 

35,300 

81 

15 

1 

a 

0 

0 

Sor. 

IS 

M. 

Rt.Kn. 

12 

12 

J. 

improving 

101 -lOS 

11,000 

4 

clear 

2,800 

75 

6 

11 

a 

5 

3 



Lt. Kn. 

72 

a 


stationsry 

99-100.3 

9,000 

a 

flaky 

QJi.S. 

8 


90 

0 

0 

2 

Pop, 

13 

M. 

Ejiee 

23 

6 

db 

improving 

90 -100 

8.G0Q 

? 

clear 

5^00 

.70 

17 

2 

9 

2 

0 

Sor. 

16 

M. 

Knee 

6 

3 

BS 

advancing 



35 

cloudy 

17,530 

95 


0 

2 

2 

a 

Pop. 

14 

SL 

Knee 

m 

10 

+++ 

stationary 

102.6 

9,000 

5 

flaky 

7,000 

87 

0 

1 

1 

21 

a 

Frant. 

21 

M. 

Knee 

s 

7 

± 

improving 

101 -102 

15,000 

5 

flaky 

1,040 

2 

16 

33 

2 

2 

40 

a 

3S 

M. 

Rt.Kn. 

8 

8 

++ 

stationary 


11,000 

25 

flaky 

1,420 

34 


22 

32 

12 

0 



Lt. Kn. 

8 

8 

+++ 

stationary 

BB 

II.GOO 

43 

flaky 

1,000 

48 

24 

a 

14 

14 

0 

H.D. 

17 

JL 

Knee 

12 

6 

+++ 

advancing 

104.2 

14.000 

30 

clondy 


95 


0 

5 

0 

0 

EL 

B 

M. 

Rt-Kn. 

7 

3 

++ 

stationary 

pa 

11,000 

10 

cloudy 

40,000 

91 

6 

2 

1 

0 


■ 


Lt, Kn. 

7 

5 

++ 

advandng 


11,000 

15 

cloudy 

27,400 

94 

0 


6 

0 

0 

■ 

B 

SL 

RLKn. 

17 

17 

+ 

Improving 

101 

13,000 

5 

cloudy 

4,200 

5 

S3 

3 

9 

0 

0 

■ 


LL Kn 

17 

4 

+ 

Improving 

IQl 

13,000 

20 

cloudy 

6,800 

13 

77 

1 

9 

0 

0 

E 

14 

M. 

RLKn 

6 

6 

++-H- 

stationary 

103 


35 

cloudy 

4,240 

65 

8 

3 

18 

6 

0 



Lt-Kn 

6 

5 

++++ 

stationary 

103 


30 

cloudy 

6,400 

£6 

2 

0 

10 

I 

1 

L.E. 

15 

F. 

Knee 

28 

25 

+ 

advancing 

102 

8,200 

12 

cloudy 

11,000 

89 

3 

3 

2 

3 

0 

Pet. 

30 

F. 

Rt. Kn 

. 15 

5 

++ 

advancing 

105 

12,000 

IS 

cloudy 

10,400 

89 

a 

3 

8 

0 

0 

Lt.Kn 

. 15 

S 


advancing 

105 

12.000 

20 

flair 

7,400 

93 

a 

Q 

a 

0 

0 

Sd. 

14 

M 

Knee 

? 

7 

++ 

improving 

100.8 

7,500 

16 

cloudy 

23,600 

60 

30 

0 

a 

10 

0 

p.Mc: 

5. 11 

M 

Knee 

17 

6 

++ 

advancing 

103.5 

23,000 

T 

7 

3,600 

91 

0 

4 


0 

0 

Weis. 

33 

M 

Knee 

6 

6 

a 

improving 

103.4 


10 

cloudy 

5.850 


23 

1 


2 

0 

J.bL 

20 

M 

Rt-Ki 

L 8 

6 

+ 

advancing 

100.4-101 

16,000 

2 

clear 

10,500 

85 

0 

14 

0 

2 

0 

LLKi 

L 9 

17 

++ 

advandng 

I00.4-I01 

16,000 

5 

bL tinged 

22.COO 

es 

1 

0 

1 

0 

0 


I fiaow at time of aspiration or give 

* on Gay of aspiration 

iia£li5«atiated yonnc conncctiTc tissne ceEs 
liisclodea deseccrated and tmdassiSed ccCs 


range during 24 bocrs before asd after aspiratioa. 
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Total white cell content of rheumatic synovial 
exudates 

The total number of white cells per c.mm. of 
synovial fluid varied between 800 and 47,600 with 
an average of 10,750. The frequency distribu- 
tion is shown in Table II. The total number of 

TABLE ir 

Distribution of total white cell counts obtained in thirty- 
seven exudates from rheumatic knee joints uncom- 
plicated by previous aspiration 


Total white cells Number of 

per c.mm. exudates 

Under 1000 1 

1000 to 5000 13 

5000 “ 10000 9 

10000 " 15000 5 

15000 " 20000 1 

20000 “ 25000 3 

25000 “ 30000 2 

30000 “ 35000 0 

35000 “ 40000 1 

Above 40000 2 


white cells contained within individual knee joints 
was estimated to vary between 60,000 and 6,143,- 
000 with an average of 1,447,000. 



Fig. 3. Comparison of Number of White Cells per 
C.MM. of Blood and Svnovial Fluid of iNDmnuAL 
Patients. 


In the same patients, the white cells in the blood 
varied between 6,000 and 33,000 with an average 
of 15,800 per c.mm., each blood count having been 
done on the same day as the corresponding count 
on synovial fluid. Figure 3, in which these two 
features are compared, suggests, perhaps, a slight 
tendency for them to vary directly. 



Fig. 4. Relation of Estimated Total Number of 
White Cells in Joint Cavity to Severity of Ar- 
thritis. 

Figure 4 indicates the relationship between the 
estimated total white cell content of the synovial 
fluids and the degree of inflammation of the indi- 
vidual joints. While some of those more severely 
involved contained relatively few cells, there was 
a slight correlation. This tendency was even less 
apparent when the number of cells per c.mm. was 
considered instead of the total cellular content. 

In Figure 5 is shown the relation between the 
total number of white cells estimated to have been 
in the joint cavities and the stage of inflammation 
in those joints. While no exact correspondence 
between the two was found, the averages indicate 
a tendency for increasing arthritis to be accom- 
panied by higher cellular content per joint. 

Figure 6 records the relationship between the 
total number of white cells within individual joint 
cavities and the duration and stage of arthritis 
in the same joints. Involvement under 7 days 
tended to be associated with higher counts, but 
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7.000,000 


6,000,000 


^ 5,000,000 
n 

c 4,003,0:3 
u ’ ' 


3 


c. 

o 

XI 

E 


(2 


3,030,000 

2.000. 030 

1.000. 000 




\ 




♦ 


/ 


Stage o| arthrii'.s 


Fjc. l\r.i..\TioN' or Mj-Tnr.vTr.ri Totat. XfMrr.n of 
■’ iir. Cri.t..': IX Jo'.VT Cavitv to J-TAor. or .tfriiri- 

TIS. 


'iFttiriti? improving;, 

~~ “ st.Tlioii.Try. 

/ ~ “ Ijcconiincr wor.-c. 



Fig. 6. .Estim.j 


Joikts CoMP.-l 


‘'iTed Totai. White Cell Context of 
VRED WITH Duration and Stage of Ae- 


in the Miiall luimlier of joint.' aspirated for th-j 
lir-t time after more [iroiontped arthritis, the re'a- 
liiin-hip was v.a"ue. .As %va.' to be expected, th . 
-taite f>f arthritis in tlie individual joint- had nr -e 
Iwarinip iijion the total cellular content than ha i 
til!- duration, and it should he noted that the rc.’- - 
tiveh- hi"h counts obtained after 16 and 35 dav- 
<if artliritis v.-ere frimi joint' which had .-uXvr':'! 
rciafi'es and were incrcasin" in severin' :\- 
voh'cmcnt at tile time of a-piration. 

I >{[! I ■'I'litiul formulas of tchitr cdls in riit ■ 
syii ovial cxiidat cs 

In the followin.g di-cu.-si'jn. the large mononu- 
clear cells liave been divided into monoertes an f 
ida-matocytes according to the dasiinezdon . : 
.'-abin. Doan and Cunningliam fll ;. 

I'i.xed. stained hims of syneviai fluid fren: pa- 
tients witli rheumatic fever showed large minc- 
miclear cells, fiolymorphonuclear leukocytes in 
variou.s sta.gc-s of degeneration, and htnchocyte' 
.'^■iine of the large mononuclear cells vrere so .nlled 
witli vacuoles and phagocitosed material a' to 
leave little doubt that they were clasmatocctes : 
the majority, on the other hand, could not be ac- 
curately classified in the fixed preparations. 

Cells of the type shown in Figure 7 were en- 
countered frequently and, at first, proved difficult 
to classify. When stained by Wright's method 



Fig. 7 . illCROPHOTOGR-CPH of PoLV-MO?.PHONUCLE.>I: 

Xeuteophiles in Syno'-tal Flcu). 

Middle cell is normal; that at rieht shov.’s nve'evs in- 
coming rounded-up and compact; that above shov.'s more 
advanced degenerative changes with a stnsle nuc.car 
mass. The apparent granules in the two cecenerate; 
cells are artifacts caused by deposit of coauuiated mate- 
rial from the sjTiovial fluid. M’right s stain, x 
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they were round and of the size of small or inter- 
mediate l^-mphocytcs ; the pink-stained cytoplasm 
presented a faintly stippled appearance but no 
granules ; and the dark blue nuclei were round and 
pyk-notic. When stained with malachite green 
and acridine red (9) the}- showed almost color- 
less cjtoplasm and dark green nuclei. Their na- 
ture became clear when further study revealed all 
gradations between them and normal pohmiorpho- 
nuclear neutrophiles (Figure 7) ; and comparison 
of fixed films and supravitally stained prepara- 
tions confirmed the belief that they were merely 
rounded-up, degenerated neutrophiles. It is prob- 
able that they have been mistaken for nucleated 
red cells, and their presence in e.xudate from a 
traumatized joint might lead, therefore, to an er- 
roneous diagnosis of intracapsular fracture (12). 

With supravital staining it was possible to clas- 
sify most of the indefinite group of large mono- 
nuclear cells of the fixed preparations, into clas- 
matocj-tes and monocj'tes. The characteristics of 
all types of cells of synovial fluid have been amply 
described by Key (5, 7, IS), Forkner, Shands and 
Poston (3), Bauer and his co-workers (6), and 
others ; and hence they wll not be discussed here. 
In addition to polymorphonuclear neutrophiles, 
lymphocj'tes, clasmatocj'tes and monocytes there 
was a moderate number of cells of the same gen- 
eral character as the latter but smaller and con- 
taining only a few small, scattered neutral red 
bodies and few or no mitochondria. These were 
interpreted by Dr. Florence R. Sabin as undiffer- 
entiated young connective tissue cells beginning to 
develop into either monocj'tes or clasmatocjtes but 
not yet having progressed far enough to permit of 
definite identification. The minimum, maximum 
and average figures for all these cells in a series 
of 40 exudates from rheumatic knee joints are 
shown on the bottom line of Table III. Four of 
the specimens contained, in addition, 1 to 2 per 
cent of eosinophiles. The indeterminate macro- 
phages of Key (5) were not found in fluids from 
inflamed joints. In every sample occasional 
erythrocytes were encountered, but, whenever nu- 
merous, their presence was attributed to trauma 
of aspiration. 

Small masses of cells were numerous in all 
flaky fluids and, in eveiy instance in which identi- 
fication was possible, the cells composing them 
were clasmatocj'tes and poljTnorphonuclear leuko- 


cytes. In two fluids, small masses were seen 
which were perhaps composed of sjTiovdal lining 
cells, although the clumps were too thick for exact 
identification of individual elements. In none of 
the samples of sj-novial fluid from inflamed joints 
were isolated synovial lining cells identified. 

An important relationship appeared to exist be- 
tween the differential formulas and (1) the stage 
of arthritis, and (2) the age of the patient. In 
Figure 8 are plotted the differential counts for the 
individual joints in which arthritis was becoming 
worse, remaining unchanged, and improwng; and 
these data, as well as the averages, are recorded 
separately for patients under and over twentj’ 
years of age. The age of twenty was chosen arbi- 
trarily as the dividing line between the younger 
and older groups. Although the number of sped- 
mens in each category is too small for statistical 
analysis, and the spread of percentages in several 
of the categories is considerable ; nevertheless, the 
trends shown bj' tbe distribution of rndi\'idual 
counts and the averages for the various categories 
appear definite enough to be significant. With in- 
creasing arthritis there was a great predominance 
of polj-morphonuclear neutrophiles and few clas- 
matorytes. With improvement, on the other 
hand, the percentage of clasmatocj'tes increased. 
Furthermore, the specimens from patients in the 
younger age group contained a higher ratio of 
polj-morphonudears to clasmatocj'tes than did 
those from older patients. Thus, the age of the 
patient and stage of arthritis appeared to have 
sufficient relationship to the cellular reaction in 
the sj'novial exudate to make difficult the inter- 
pretation of findings in anj' given spedmen unless 
these two factors w'ere taken into consideration. 
For example, the polj'morphonudear neutrophiles 
in synovial fluids from p>atients under twentj' 
j'ears of age whose arthritis was increasing, av- 
eraged 92 per cent of the white cells present; 
while in the fluids from improving joints of older 
patients, the polj'morphonudears averaged onlj' 31 
per cent, but the dasmatocytes 39 per cent. The 
figures for the Ij'mphocj'tes tended to parallel 
those for the clasmatocj'tes. On the other hand, 
no such correlation v.'as evidenced by the mono- 
cytes and undifferentiated j'oung connectrv'e tissue 
cells, which were present in all fluids in approxi- 
matdj' equal numbers. While the cjtologic dif- 
ferences in the three stages of arthritis were not 



198 


CURRIER MCEWEN 


Per cent 
90 

80 

Patients 

under 

20 years 50 

of 40 

30 

20 

10 

T 

neu 

er cer 
troph 

It 

lies 

Per cent 
clasmatocytes 

I 

iym 

^er cent 

iphocyleH 

Per cent 
monocytes 

Per cent 
undifferentiated cells 



N.. 

^ . 










1 

9n 

•« 827. 

• X 

• • 

• 

’ 61% 

• X 

• 

• 

» 27. 

•• 77. 

•• X 

• 

18% 

•. X 

•• 

. 










r: 


✓ 

Joint involvement becoming wor 
^ ’ • Stationary 

' * improving 

X Average 

se 

X 

•iA 

z% 

X 

37. 

# 

: ‘5- 

37. 

••• V 

• 

• 57o 

• 27. 

• V 

.i7o 

: 3% 

• 

Pee cent 
90 
60 

Patients 

20 years 
oj age 50 

or 40 

30 

20 

10 

5 80% 

* X 

• 

• 

• 

• 

• 

• 

• 

• 3l7o 

X 

• 

:8 

• 

9 

• 

. io7, 

i X 
»•! 

• 

• 

• 

• 

• 39% 

X 

• 

• 

:• 

r 

* 

67. 

•t ^ 

M 1 

» 

i 

t 

1 i 

• 

• 

197. 

» < 

: 

27. 

XIXlX 

» 

>• 

27.' 

1 

1 

w ■ 

. 27, 


Fig, 8. Correlation between Stage of Arthritis and Differential Formulas of White Cells in Syno- 
vial Fluid from Younger and Older Patients. 

Each dot represents the finding for a given specimen of fluid. 


surprising, there could be found no explanation 
for the apparent differences in the two age groups. 
One wonders, however, whether the latter may 
not be in some way related to the well known clin- 
ical differences often noted in rheumatic poly- 
arthritis as it occurs in these two age groups. 

The duration and severity of arthritis appar- 
ently had little bearing upon the type of cell pre- 
dominant in the fluid other than that more of the 
early and severely involved joints tended to fall 
in the group showing an increasing severity of 
arthritis. 

Pleural and peiicardiul exudates from patients 
with rheumatic fever 

The findings in the 8 pleural and 5 pericardial 
exudates were essentially the same as those in 
synovial fluid. The total amounts of fluids were 
unknown, but in appearance they varied from 
clear to flaky. The total number of white cells 
varied from 1,600 to 12,400 per c.mm. with poly- 
morphonuclear neutrophiles from 4 to 67 per 
lymphocytes from 0 to 74 per cent, monc 


from 0 to 6 per cent, clasmatocytes from 4 to 74 
per cent, undifferentiated young connective tissue 
cells from 0 to 7 per cent, and eosinophiles from 
0 to 4 per cent. The most striking cytologic dif- 
ference between these exudates and those from 
joints was the presence of 2 to 14 per cent of 
desquamated mesothelial cells in every sample. 
These cells, the characteristics of which in supra- 
vitally stained preparations have been described 
by others (3, 11), occurred singly or in groups 
of two to four, and were easily distinguished from 
all other types. 

Synovial fluid from non-inflamcd human knee 
joints 

For comparison, it was desired to ascertain the 
number and types of cells present in the fluid of 
non-inflamed human joints. Samples were ob- 
tained from two normal knee joints and from 
three in which the only apparent abnormality was 
the presence of edema fluid. The first supposedly 
. 1 al fluid was from a patient dying of cerebral 
l orrhage, aspiration having been performed 
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immediately postmortem. Approximately 0.5 cc. 
of clear, very mucoid fluid was obtained which 
contained 125 white cells per c.mm. as well as oc- 
casional er}'throc)’tes. In supravitally stained 
preparations the differential count of 100 cells 
was as follows: polymorphonuclear neutrophiles, 
27 per cent ; mature monocjTes, 7 ; stimulated mon- 
oc 3 ’tes, 9; stimulated clasmatocj'tes, 8; undiffer- 
entiated 3 ’oung connective tissue cells, 12 ; sjmovial 
lining cells, 3 ; unidentified degenerated cells, 21 ; 
and indeterminate phagocjTic cells, 13. The lat- 
ter, which have been described by Key (5), were 
obviously mature elements containing neutral red 
bodies of varj-ing size and sometimes mitochon- 
dria; they could not be classified into monocjTes 
and clasmatocytes, however, as thej* had character- 
istics of both. The other normal fluid was ob- 
tained from the hip joint of a six year old girl 
at operation for congenital dislocation of the hip. 
An approximate total count of 200 white cells 
per c.mm. was obtained wdth the following differ- 
ential picture: polj-morphonuclear neutrophiles, 7 
per cent ; monocjTes, 5 ; stimulated clasmatocytes, 
5; undifferentiated young connective tissue cells, 
16; lymphoc>'tes, 16; s}'novial lining cells, 7; and 
unidentified degenerated cells, 44. 

In general these findings are in accord with 
those of Key (5) and Bauer (6) for the synovial 
fluid of normal rabbits and cattle; however, in 
both these specimens the monocjTes were fenrer 
than was the case with the animals, and in the 
first case the polymorphonuclear neutrophiles 
were unexpectedly nimierous. The large number 
of degenerated cells perhaps accounts for the com- 
paratively few monocj-tes found, while Key’s ob- 
servation (5) that polymorphonuclear cells mi- 
grate into joint cavities shortly after death may 
explain the relatively numerous neutrophiles in 
Case 1. This count was done very soon after 
death, but the patient had been moribund for some 
hours before, and it is not unlikely that a migra- 
tion of pohmorphonuclears maj' have started. 

The presence of sjmovial lining cells in these 
fluids in numbers comparable to those of normal 
rabbits and cattle was in contrast to their apparent 
absence from the arthritic exudates. Perhaps the 
small number of them normallj' desquamated in 
the latter were lost sight of in the great number 
of inflammatory cells. In the normal fluids they 
had the appearance described by Kej- (5, 15), 


Bauer and his co-workers (6),’ and Forkner, 
Shands and Poston (3) ; granules or vacuoles 
staining with neutral red w'ere never seen either 
in these specimens or in scrapings of normal hu- 
man and rabbit sjuio-vial membranes. 

Of the specimens from patients with non-rheu- 
matic cardiac edema, one was aspirated during life 
and the other ti^’o immediately postmortem. The 
amounts obtained were 22 cc., 3 cc. and 8 cc. re- 
spectively. The white cells were so few that total 
counts were unsatisfactory and differential counts 
incomplete. In the first sample only two cells 
were seen after prolonged search : a small hanpho- 
c\'te and a stimulated clasmatoc}'te. In the sec- 
ond, in addition to 9 erythrocj-tes, five cells were 
identified : two small lymphocytes, tv,-o stimulated 
monoc 3 'tes, and a phagacj-tic clasmatocj’te. In 
the third specimen, there were : one erythjToq-te, 
two unstimulated monotytes, and an indeterminate 
phagocytic cell. Taking into accoimt the dilution 
by edema fluid, these figures are probably com- 
parable to those reported for normal rabbits and 
cattle. 

WTiile no definite conclusions r^rding the 
cellular content of non-inflammatoiy human sjmo- 
vial fluid can be drawn from so few samples, the 
results obtained do serve as a rough base line for 
observations upon the fluids from inflamed human 
joints. 

Joint exudates from patients ■with diseases other 
than rheumatic fever 

As controls, 25 exudates from joints of patients 
with diseases other than rheumatic fever were ex- 
amined. Among these were: rheumatoid arthri- 
tis," 8; gonococcal arthritis, 3; s^-philitic arthritis 
(infectious), 3; tuberculous arthritis, 2; purulent 
(hemoljtic streptococcal) arthritis, 2; infectious 
arthritis of uncertain tj-pe, 5; and traumatic ar- 
thritis, 2. The results obtained are shown in Ta- 
ble III. The pus from the patients u-ith purulent 
arthritis was, of course, unmistakable; in none of 
the other samples, however, was there any gross 
or cytologic characteristic which served to distin- 
guish it from rheumatic exudates. In Shands’ 
(8) study of synovial fluid from joints of patients 


- All these patients had arthritis of the type characrter- 
ized by fusiform swelling of the proximal interphalan- 
geal joints and ulnar deviation of the fingers. 
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with infectious arthritis, the average percentages 
of lymphocytes and monocytes were higher than 
those obtained in the rheumatic exudates of the 
present series. On the other hand, individual 
synovial exudates of this series gave percentages 
of monocytes and lymphocytes considerably higher 
than the averages reported by Shands; so that 
cytologic examination of the synovial fluid is 
probably of little value in the diflierential diagnosis 
of individual cases. 

The work of Sabin (13) and others would lead 
one to expect epithelioid cells and numerous mon- 
ocytes in tuberculous arthritic exudates, and Gei- 
ger (14) has shown this to be the case in joint 
fluids from rabbits with experimental tuberculous 
arthritis. (Contrary to expectation, however, the 
synovial exudates from two proven cases of early 
tuberculous arthritis, showed no epithelioid cells; 
and the monocytes, although more numerous than 
in the non-tuberculous exudates, had the cus- 
tomary appearance. In one other specimen, from 
a far advanced and caseous joint (not included 
in Table III), there were many degenerated poly- 
morphonuclear neutrophiles and clasmatocytes but 
no epithelioid cells or monocytes. These results 
do not imply, of course, that epithelioid cells are 
not often present in exudates from tuberculous 
joints. Work is in progress to study this further. 

DISCUSSION 

Although it was not possible to follow the cyto- 
'logic changes during the course of rheumatic ar- 
thritis in a single joint, the picture can, perhaps, 
be reconstructed from the results reported in the 
foregoing study. The primary response seemed 
to consist chiefly of polymorphonuclear neutro- 
philes with a few monocytes and undifferentiated 
young connective tissue cells. As recovery began, 
clasmatocytes increased in number and disposed 
of fibrin and degenerating cells by phagocytosis. 
In one patient with typical rheumatic fever (Sor., 
Table I), a small amount of fluid remained in 
one knee joint 72 days, and the synovial exudate, 
after this interval, contained 90 per cent of lymph- 
ocytes. This perhaps indicates that lympho- 
cytes are the predominant cells in rare rheumatic 
exudates of such long duration, although Table I 
also shows that l 3 'mphoc 3 'tes were occasionally 
numerous fairly early in the disease. The 
changes thus outlined are similar in many respects 


to those observed by Key (7) in synovial exudates 
of rabbits following injection of mild irritants into 
their joints. Such differences as exist may be 
due to the greater complexity of factors acting in 
rheumatic inflammation, as, for example, the tend- 
ency to relapse. 

Finally, it is of interest to compare the cells of 
rheumatic granulomata and exudates. It had 
been suspected that exudates from patients with 
rheumatic fever might contain the characteristic 
cells of subcutaneous rheumatic nodules (1) and 
thus aid in the differential diagnosis of arthritis 
of uncertain type. This proved not to be the case, 
however, for no cells resembling those of the 
granulomata were seen in any exudate. In a 
previous study (1) it was concluded that the 
granuloma cells arise from undifferentiated con- 
nective tissue elements called by Maximow (16) 
primitive mesenchymal cells. Since the exudates 
likewise contained what were thought to be un- 
differentiated young connective tissue cells, a 
question arises concerning the relationship be- 
tween them. In appearance they were entirely 
different: the granuloma cells showed neither mi- 
tochondria nor neutral red bodies and presented 
basophilic cytoplasm and very distinct cell mem- 
branes; the exudate cells, on the other hand, 
showed a general resemblance to young monocytes 
but with atypical and scanty mitochondria and 
neutral red bodies. Probably both types are 
closely related in origin, and it is suggested that 
their dissimilarities may be due to environmental 
differences and to continued development as fixed 
tissue elements in the one case but as wandering 
cells in the other. Certainly, the undifferentiated 
young connective tissue cells in the exudates here 
studied were in no way characteristic of rheumatic 
fever since they occurred equally in exudates from 
patients with other diseases. These observations 
are in keeping with Swift’s (17) division of rheu- 
matic manifestations into those chiefly prolifera- 
tive and those primarily exudative, and coincide 
with the known pathologic changes of rheumatic 
fever; for numerous histologic studies have dem- 
onstrated that the proliferative lesions, as typified 
in the submiliary myocardial nodules and sub- 
cutaneous nodules, are composed of characteristic 
cells, but that the exudative lesions of joints, 
pleura and pericardium are, for the most part, 
cytologically non-specific. 
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SUMMARY 

The amount, character and cellular content of 
exudates from patients with rheumatic fever were 
studied in relation to certain clinical aspects of the 
disease and were compared with those of non- 
rheumatic exudates. 

There was no obvious correlation between the 
amount of synovial fluid and the severity of ar- 
thritis; the number of cells per cubic millimeter 
ranged between 800 and 47,000 and 4he total 
number contained in the exudates tended to varj' 
directly with the stage and severity of arthritis; 
the differential formula appeared to bear some di- 
rect relationship to the stage of arthritis and the 
age of the patient. Supravital stains revealed no 
cells similar to those previouslj' described in rheu- 
matic granulomata. Early there was a predomi- 
nance of pol}TnorphonucIear neutrophiles, with a 
few monoc}-tes and undifferentiated young con- 
nective tissue cells; later there were numerous 
clasmatocj-tes containing debris and degenerating 
cells. Rheumatic pleural and pericardial exu- 
dates contained cells similar to those of the joints 
but with the addition of a few mesothelial ele- 
ments. Because non-rheumatic exudates were 
similar in microscopic content, no specific char- 
acter could be assigned to exudates in rheiunatic 
fever. 

BIBLIOGRAPHY 

1. McEwen, C., Cj-tologic studies on rheumatic fever. 

I. The characteristic cell of the rheumatic granu- 
loma. J. Exper. Med., 1932, 5S, 745. 

2. Sabin, F. R., Studies of living human blood cells. 

Bull. Johns Hopkins Hosp., 1923, 34, 277. 

3. Forkner, C. E., Shands, A. R., and Poston, M. A., 


Synovial fluid in chronic arthritis — bacteriology 
and cytology. Arch. InL Med.. 1928, 42, 675. 

4. Forkner, C. K, The synovial fluid in health and dis- 

ease with special reference to arthritis. J. Lab. 
and Clin. Med., 1930, 15, 1187. 

5. Key, J. A., Cytology of the synovial fluid of normal 

joints. Anat, Rec., 1928, 40, 193. 

6. Bauer, \V., Bennett, G. A., Marble, A., and Claflin, 

D., Observations on normal synoHal fluid of cat- 
tle. 1. The cellular constituents and nitrogen con- 
tent. J. Exper. Med., 1930, 52, 835. 

7. Key, J. A., Experimental arthritis. The reaction of 

joints to mild irritants. J. Bone and Joint Surg., 
1929, 11, 705. 

8. Shands, A. R., Synovial fluid in infectious and neuro- 

pathic arthritis. South. M. J.. 1930, 23, 818. 

9. Hitchcock, C. H., and Ehrich, \V., .A new method for 

differential staining of plasma cells and of other 
basophilic cells. Arch. Path., 1930, 9, 625. 

10. Forkner, C. E., The origin and fate of two types of 

multinucleated giant cells in the circulating blood. 
J. Exper. Med., 1930, 52, 279. 

11. Sabin, F. R., Doan, C. .A., and Cunningham, R. S., 

Discrimination of two types of phagocytic cells in 
the connective tissues by the supravital technique. 
Carnegie Institution of Washington, Pub. 361, 
Contributions to Embryology, Ko. 82, 1925, 16, 
125. 

12. Kling, D. H., Erythroblasts and myelocytes in trau- 

matic effusions of the knee joint ; their significance 
for the diagnosis of intra-articular fractures. Am. 
J. Surg., 1929, 7, 824. 

13. Sabin, F. R., Cellular studies in tuberculosis. Am. 

Rev. Tubera, 1932, 25, 153. 

14. Geiger, J. T., Personal communication. 

15. Key, J. A., The synorial membrane of joints and 

bursae. In Special Cytology, edited by E. AA 
Cowdry, Paul B. Hoeber, New York, 1928, 2d ed., 
p. 1055. 

16. Maximow, .A. A., and Bloom, W., .A Text-Book of 

Histology. W. B. Saunders, Philadelphia, 1930, 

p. 77. 

17. Swift, H. F.. Rheumatic fever. Am. J. M. Sc., 

1925, 170, 631. 



THE EXCHANGES OF WATER, ELECTROLYTES AND HEAT 
DURING PHENYLETHYLHYDANTOIN SICKNESS " 

By FRED V. ROCKWELL 

the Departments of Pediatrics and Physiology, of the School of Medicine and 
Dentistry, The University of Rochester, Rochester, New York) 

(Received for publication October 16, 1934) 


Phenylethylhydantoin (nirvanol) has been used 
since 1919 in the treatment of chorea minor. Its 
continued ingestion gives rise to a reaction, prob- 
ably of an allergic nature, which has been de- 
scribed by Ray and Cunningham (1) as follows: 
"The sedative effects of nirvanol usually appear 
on the second or third day of its administration. 
Fever develops on the seventh day, reaches a max- 
imum on the ninth day, and subsides on the elev- 
enth day. On the ninth day, a few reddish-brown 
maculo-papules appear on the thighs, wrists, or 
abdomen, the face often appears swollen and 
flushed, and a pale pink exanthem may appear 
on the soft palate or buccal mucosa. By the next 
day or two, the exanthem has become general. 
It is usually distinctly morbilliform, but some- 
what more like urticaria than the rash of measles. 
Leukopenia was observed in eight of nine cases. 
A marked eosinophilia was observed in all speci- 
mens of blood that were studied during the erup- 
tion.” 

Nirvanol sickness bears a remarkable resem- 
blance to serum sickness. Rackemann, Longcope 
and Peters (2) studied the exchange of water and 
chlorides in pneumonia patients who had received 
horse serum, and they observed a marked transi- 
ent retention of water and chlorides. Other in- 
vestigators (3) have at various times observed a 
similar retention of these substances in febrile 
diseases, notably lobar pneumonia. The present 
problem was undertaken in the hope that a con- 
trolled study of nirvanol sickness might indicate 
how general are the changes in metabolism during 
fever and allergic states. 

METHOD OF STUDY 

Patients were maintained in the metabolism 
ward at the Strong Memorial Hospital, under the 

1 The expenses of this investigation were defrayed in 
part by a grant from the Fluid Research Fund of the 
Rockefeller Foundation. 


care of specially trained nurses. The patient’s 
day was divided into four periods of six hours 
each, beginning at 6 a.m. At the beginning of 
each period, the patient voided into a weighed 
bottle, and was then himself weighed on a balance 
sensitive to 5 grams. After this, he received a 
meal of exactly known weight and composition. 
The diet was entirely liquid, and was made up of 
distilled water, powdered milk, lactose, cream, 
eggs, and a small amount of added sodium chlor- 
ide. In addition, the patient received daily a con- 
stant amount of orange juice and distilled water. 
Urine was divided into twelve-hour specimens, 
beginning at 6 a.m. Stools were collected in 
weighed containers. Temperature, pulse, respi- 
ration, barometric pressure, and humidity were 
recorded four times daily. 

Complete water balances for each twelve-hour 
period were estimated by the method of New- 
burgh, Johnston and Falcon-Lesses (4). Water 
available to the body included water drunk, water 
in food, water formed by the oxidation of food, 
and water liberated by the catabolism of body tis- 
sue. Water lost included water of the urine, wa- 
ter of stools, insensible perspiration, and water 
held by stored food or tissues. Urine samples 
were wet-ashed, and pooled; stool specimens were 
dry-ashed. In the urine samples, total nitrogen 
was determined by the macro-Kjeldhal method, 
chlorides by the Volhard-Harvey method ; sodium 
was determined gravimetrically as sodium-zinc- 
uranyl-acetate, and potassium by the method of 
Shohl and Bennett (5). The diet was checked 
for constancy of composition by daily determina- 
tion of chlorides. The chloride content of the 
diet was found from day to day to show an av- 
erage deviation of 0.83 per cent. The above de- 
terminations were made on four patients, each 
over a period of about three weeks, during part 
of which they received nirvanol. On a fifth pa- 
tient, a complete acid-base balance of the urine 
was determined. This involved determination of 
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pH (electrometrically by means of a quinhydrone 
electrode), chlorides, phosphates, sulfates, ammo- 
nia, titratable acidity, and total inorganic base. 
Total inorganic base was determined by the 
method of Wright and Allison (6). All the pa- 
tients were maintained on the diet for several days 
before nin’anol was started, and remained in the 
metabolism ward on the constant routine for sev- 
eral days after the reaction had subsided. 

Data on a representative case 

Of the first four cases. Case 4 was the most sat- 
isfactory'. The diet was taken perfectly, and col- 
lections were perfect. Also, the patient developed 
a perfectly typical rash and fever. The findings 


in the first three cases substantiated those of Case 
4, although the reactions were less severe and the 
changes obsen'ed less pronounced. This patient 
was a ten year old girl with a pre\'ious history' of 
tonsillitis and rheumatic fever; the findings are 
shown graphically in Figure 1. In interpreting 
these graphs, it should be remembered that the 
intake was exactly the same for each twelve hour 
period; the stools were few in number, formed, 
pracb'cally constant in composition, and must of 
necessit}' be neglected in considering the sudden 
changes in water and electrolyte balance. 

Nir\’anol, 0.5 gram, was given at noon each 
day for seven days. Time is plotted beginning 
with the first day of its adrm'nistration. Fever 



Shaded areas represent the night period. Insensible loss of rvater 
is plotted in 24 hour periods, water balance in 12 hour periods. So- 
dium, chlorine, and potassium are plotted to show day, night, and total 
24 hour urinary output in milliequivalents. 
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began on the sixth day, and rash on the seventh, 
as indicated. The insensible loss of water be- 
came fairly constant after the first two days, and 
remained at the same level throughout the fever, 
showing no significant change until the first post- 
febrile day, during which there was a pronounced 
rise. The insensible loss then gradually returned 
to normal. During this postfebrile period, there 
was a noticeable tendency for the child to perspire 
visibly, but moderately. The water balance is the 
algebraic sum of the water available and the water 
lost. The water available remained constant 
within narrow limits throughout the experiment, 
so that any changes in the water balance are due 
to changes in the amount of water lost, chiefly 
through the kidneys. 

It will be noted that there was a normal diurnal 
rhythm in the water balance, as has often been 
found. During the night period, represented by 
the shaded areas, there was normally a retention 
of between one and two hundred grams of water, 
and a corresponding loss during the day. 
Changes in water balance were closely paralleled 
by changes in body weight. A sudden retention 
of water occurred during the night period of the 
seventh day, the total water balance for this pe- 
riod being plus 450 grams, and the gain in bod}^ 
weight being 500 grams. This period of reten- 
tion corresponded to the height of the fever and 
the beginning of the rash. Subsequently, there 
was no sharp loss of the retained water, but the 
weight showed a tendency to return to normal at 
the end of the experiment. In other cases also 
there was a similar sudden rise in weight with a 
gradual return to the normal. The total water 
available for twelve days amounted to 33,882 
grams, and the total water lost was 33,748 grams, 
making a net balance for twelve days of plus 134 
grams. The gain of body weight was 160 grams. 

The outputs of sodium and of chloride ran 
closely parallel. They were excreted at a fairly 
constant rate on the third, fourth, and fifth days. 
The sudden increase in the output of these ele- 
ments during the day fever began was observed 
in only one other case. A definite retention of 
sodium and chloride occurred on the eighth, ninth, 
and tenth days. This was interesting, because the 
retention of water all took place on the seventh 
day. Hence on the seventh day one must assume 


that there was at least a slight dilution of the body 
fluids. The retention of these two elements on 
days eight, nine, and ten, was far in excess of the 
loss which occurred on day six. 

The output of potassium was remarkably con- 
stant for the first eight days. On the ninth and 
tenth days, there occurred a marked retention. 
Grouped stool specimens from the period includ- 
ing these days of retention actually contained less 
potassium than the stools of the normal period. 
The time relations were again interesting. Water 
retention occurred on the seventh day, sodium re- 
tention began on the eighth day, and potassium 
retention began on the ninth day. In the other 
cases studied, the changes in the output of potas- 
sium were not nearl}'^ so striking, these cases hav- 
ing less severe reactions. Such a retention of 
potassium is unusual. The fact that the other 
cases showed only slight retention suggests the 
possibility of error in the analyses. However, 
the determinations were checked and rechecked, 
as many as six determinations being made on the 
same sample, and no error could be found. It 
might here be mentioned that throughout the ex- 
periments, the patients remained in nitrogen bal- 
ance, and showed no significant variation in the 
nitrogen output, indicating that no errors were 
made in feedings and collections, also that there 
was no increase in protein catabolism. 

According to Gamble et al. (7), knowing the 
amount of retained sodium and potassium, and 
their concentrations in the fluids of the body, one 
can calculate the amount of water that would have 
to be retained along with the minerals to maintain 
the isotonicity of the body fluids. Gamble divides 
the fluid of the body into two portions, one within 
cell membranes, the other outside cell membranes. 
The concentration of sodium in extracellular 
fluids is approximately 148 millimolar; the con- 
centration of potassium in intracellular water is 
about 112 millimolar. In extracellular water, K 
equals about 0.017 Na (in terms of milliequiva- 
lents), and in intracellular water, Na equals about 
0.425 K. Let Na equal the milliequivalents of 
sodium retained, and K the milliequivalents of po 
tassium retained by the body. Then the follow- 

Na — 0.425 K 

ing formulae may be applied : - j48 ” 

= liters of extracellular water needed, and 
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Na =_ liters q{ intracellular water 

needed. 

The results in Case 4 have been treated as fol- 
lows: the average urinarj’ output of sodium and 
potassium for the first five days was considered 
to be the normal rate of excretion, corresponding 
to the fixed intake. The ne.xt five days included 
the period of the drug reaction, and any diminu- 
tion in the output of minerals has been interpreted 
as a retention of these minerals within the body. 
Normal water balance for the ten-day period rvas 
assumed to be zero, and any deviation from this 
was considered to be water retained or lost from 
the body. The results of calculations are sum- 
marized in Table I. The agreement between the 


TABLE I 

Summary of calculations on Case 4 
All figures for Na and K are in milliequivalents. 


Period 

Averase 
output of 
Na per 
day 

Average 
output of 
K per 
day 

Retained 

Na 

Retained 

K 

RemarIcs 


m. Eq. 

m. Eq. 




1st 5 





Normal 

daj-s 

35.0 

43.6 

0 

0 

period 

2nd 5 





Period of 

days 

27.2 

35.4 

39.0 

41.0 

reaction 


Water needed for retained Na 146 cc. 

Water needed for retained K 357 cc. 


Water needed for retained Na 146 cc. 

Water needed for retained K 357 cc. 

Total w-ater needed 503 cc. 

Water balance for first ten days 502 grams 


theoretical amount of water necessaiy to maintain 
isotonicity of the body fluids and the amount ac- 
tually retained is obviousty better than can be 
expected from the method, and no doubt is acci- 
dental. However, it can be said in all fairness, 
that the figures given are evidence that sodium and 
potassium were retained in approximately the 
right amounts to compensate for the dilution of 
body fluids which apparently took place on the 
seventh day. In the figures used for calculations, 
sodium within muscle cells was taken to be equal 
to 0.425 times the potassium concentration. This 
IS in all probability in error, since the figures were 
obtained from anatyses of whole muscles, and it is 
likely that much of the sodium found was outside 
the muscle fiber in the surrounding extracellular 
fluid. 


The mechanism whereby these shifts in water 
and mineral balance take place during febrile con- 
ditions is doubtless \&ry complex. The kidneys 
probably play an important part. The follonang 
hypothesis may be suggested: as a result of the 
fever or of the action of metabolic products, the 
circulation to the kidneys is reduced and the kid- 
ney threshold for water is raised. The immediate 
effect of this is to dilute first the blood plasma, 
and later the intracellular fluids, thus causing a 
compensator}' retention of sodium followed by a 
retention of potassium. The retention of potas- 
sium would be evident only in fevers not accom- 
panied by destruction of tissue proteins and con- 
sequent liberation of potassium. The work of 
Fremont-Smith, Dailey and Thomas (8) has 
shown clearly that in fever, there is a dilution, 
both of the blood and the cerebrospinal fluid. 
This dilution is manifested by changes in spedfic 
gravity, total solids, chlorides, protein, and freez- 
ing point. 

Water balance data on other cases 

Figure 2 shows the results obtained in Case 3. 
This boy, aged 10, did not develop such a severe 
reaction as the patient just discussed, and conse- 
quently did not show such marked changes in 
water and mineral metabolism. The chart does 
sho%v that such changes as did occur were in the 
same direction as those observed in the case pre- 
viously described and may be considered as con- 
firmatory' evidence. In this patient, at the start 
of the drug administration, there was a slight up- 
set in water balance, but any effects of this change 
appeared to be completely gone by the time the 
drug reaction occurred. Retention of sodium and 
chloride was fairly definite, while retention of 
potassium was less definite. Speaking very' con- 
servatively, the results in this and in the other 
three unpublished cases support the results of 
Case 4. 

Figure 3 is a mass plot of all 12-hour water 
balances and the corresponding gain or loss in 
body weight. It is printed because it demon- 
strates the fact that under the conditions of the 
experiments, any gain or loss of weight is com- 
posed almost entirely of water, and that there is 
no complicating factor of food storage to be con- 
sidered in interpreting results. It is presented 
also to suggest to other investigators in similar 
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TABLE II 


' Acid-base composition of the urine in Case 5 

Each day is divided into Period x (6 a.m. to 6 p.m.) and Period y (6 p.m. to 6 a.m.). All figures are for 12 
hour periods. Rectal temperatures are given for noon in Period x, and midnight in Period y. 



Nir- 

vanol 

Rectal 

Water 

bal- 

ance 

Urine 

Blood Chemistry 

Date 

tem- 

pera- 

ture 

Total 

output 

pH 

Titrat- 

able 

acidity 

Am- 

monia 

Inor- 

ganic 

base 

Chlo- 

rides 

Inor- 

ganic 

sul- 

phates 

Phos- 

phates 

Or- 

ganic 

acids 

pH 

Bicar- 

bonate 

Chlo- 

rides 

Serum 

pro- 

teins 

(rofracto- 

metric) 

July 

1933 

srams 

-C. 


grams 


m. Eq. 

m. Eq. 

m. Eq. 

tn. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 


m. Eq. 

per litet 

' per cent 

Sx 

0 

37.3 

-359 

1231 

5.8 

13.8 

17.2 

71.0 

46.1 

19.6 

25.4 

18 





5y 

0 

36.4 

! -1-376 

575 

5.3 

13.7 

17.8 

29.7 

11.4 

18.0 

22.9 

17 





6x 

0 

37.4 

-291 

1149 

5.5 

15.2 

17.7 

63.6 

38.4 

19.5 

22.9 

0 





6y 

0 

36.4 

-f331 

533 

5.2 

13.4 

17.5 

26.7 

11.4 

18.0 

21.5 

15 





7x 

0 

37.3 

-305 


5.7 

16.3 

17.6 

68.0 

41.5 

19.7 

30.2 

23 





7y 

0 

36.6 

-1-371 

511 

5.3 

13.8 

17.2 

24.8 

10.5 

18.1 

20.9 

12 





8x 

0.3 

37.6 

-310 

■nw 

6.0 

12.7 

16.3 

61.6 

35.6 

19.4 

22.1 

6 

7.37 

27.5 

99.4 

7.74 

8y 

0.3 

36.S 

-1-458 

447 

5.1 

14.3 

17.8 

18.0 

9.9 

18.1 

20.4 

10 

9x 

0.3 

37.1 

-254 

1182 

6.0 

12.6 

16.4 

70.8 

47.8 

19.5 

27.1 

19 





9y 

0.3 

36.6 

-1-402 

603 

5.3 

12.7 

16.1 

29.5 

11.7 

16.9 

19.8 

17 





lOx 

0.3 

37.3 

-168 

1146 

5.7 

14.5 

16.9 

59.5 

31.9 

18.7 

24.9 

16 





lOy 

0.3 

36.6 

•f322 

689 

5.3 

11.3 

14.3 

29.5 

12.7 

15.8 

17.6 

12 





llx 

0.3 

37.2 

-336 

1257 

5.6 

14.9 

16.9 

63.8 

40.0 

19.2 

26.2 

24 

7.37 

23.2 

94.8 

7.32 

lly 

0.3 

36.3 

-1-192 

859 

5.6 

11.5 

16.3 

35.4 

16.5 

16.9 

20.5 

14 

12x 

0.3 

37.3 

-164 

1198 

6.1 

10.4 

15.0 

70.8 

43.4 

17.9 

22.3 

21 





12y 

0.3 

36.S 

-1-196 

730 

5.3 

11.2 

16.8 

29.5 

14.9 

16.7 

17.4 

14 





13x 

0.3 

37.6 

- 92 

1076 

5.5 

14.4 

16.6 

59.2 

40.4 

18.2 

20.5 

20 

7.31 

22.5 

101.8 

7.11 

13y 

0.3 

37.0 

-1- 79 

726 

5.4 

10.2 

14.9 

35.3 

16.3 

16.8 

16.3 

12 




14x 

0.3 

38.8 

-192 

1150 

5.6 

11.4 

15.0 

57.4 

75.1 

18.5 

17.6 

26 





14y 

0 

39.3 

-1-175 

785 

4.9 

17.9 

17.0 

38.4 

19.8 

20.2 

22.4 

23 





ISx 

0 

39.9 

-206 

1076 

5.2 

17.7 

20.5 

52.4 

29.2 

20.1 

23.6 

32 

7.36 

19.2 

94.4 

7.71 

ISy R 

0 

39.3 

-1-1 16* 

332* 

5.0* 

12.9* 

17.2* 

12.8* 

9.8* 

16.1* 

18.8* 

5* 





16x R 

0 

39.S 

- 14* 

326* 

5.2* 

10.7* 

13.1* 

11.5* 

6.0* 

13.0* 

16.4* 

12* 

7.33 

19.2 

91.4 

7.78 

16y R 

0 

37.8 

-1- 38* 

265* 

4.9* 

14.7* 

15.5* 

10.1* 

0.4* 

13.6* 

20.7* 

14* 





17x R 

0 

38.0 

-308 

1335 

5.2 

18.0 

29.9 

26.1 

7.0 

19.1 

25.4 

10 





17y R 

0 

38.3 

+ 133* 

261* 

5.1* 

9.7* 

14.9* 

6.3* 

2.0* 

14.1* 

13.1* 

5* 




7.40 

18x R 

0 

38.2 

- 64* 

987* 

5.6* 

9.1* 

21.0* 

28.8* 

13.2* 

15.9* 

12.5* 

13* 

7.37 

23.0 

97.8 

18y R 

0 

38.0 

+ 104* 

425* 

5.4* 

6.0+ 

13.5* 

7.4* 

4.8* 

11.5* 

5.3* 

6* 





19xR 

0 

37.4 

- 1 

1032 

5.7 

8.6 

24.4 

32.1 

15.9 

17.0 

16.2 

21 





19y 

0 

36.2 


433* 

5.7* 

7.3* 

13.8* 

15.0+ 

9.8* 

16.3* 

11.3* 

14* 




7.35 

20x 

0 

36.8 


884 

6.1 

7.4 

23.4 

42.1 

26.0 

17.6 

15.4 

27 

7.31 

25.0 

97.8 

20y 

0 

36.5 

HH 


5.3* 

9.7* 

17.9* 

11.2* 

6.0* 

15.6* 

12.5* 

12* 




- 


R after the date denotes the presence of a skin eruption. 
* denotes period of decreased intake of diet. 


control period, the period of the drug reaction, 
or the period of partial starvation, can the pH be 
said to vary significantly from the normal, except, 
perhaps, for a slight tendency to become more acid 
during the period of diminished intake of the diet. 
In Periods 14y and I5x, there was a small reduc- 
tion in the pH, hardly enough to be significant. 
Because of the original low level of the pH of the 
urine, any shift of the reaction toward the acid 
side would be limited. 

The titratable acidity and ammonia were quite 
constant until Periods 14y and I5x, during which 
both were slightly increased. These periods were 
at the beginning of the fever. During the follow- 
ing periods, when the intake was lowered, there 
was a corresponding lowering of the excretion of 


all the elements except ammonia, which was ex- 
creted in an amount greater than normal. There 
was a very marked diminution in the excretion of 
inorganic base and chlorides during the fever. 
At least part of this was due to diminished intake, 
but the output of these electrolytes was decreased 
much more proportionately than would be ex- 
pected from the change in the output of phos- 
phates and sulfates. 

The output of chlorides in this case, as in Case 
4, increased suddenly just at the beginning of the 
fever in Period 14x. This fact was remarkable 
because there was no increase in the excretion of 
cations to accompany the increased anions m the 
urine, nor was there any increase in the acidity. 
All determinations were repeatedly checked to 
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rule out the possibility of analytical error. No 
explanation can be offered at present for this 
phenomenon. The possibility that the chloride is 
e.xcreted in combination with some strong organic 
base suggests itself, but has not been verified. 

During the period of decreased intake of food, 
the ammonia output increased noticeably, appar- 
ently to take the place of fi.xed base. Organic 
acids could not be determined verx' accurately and 
appeared verj’ irregular. The maximum excre- 
tion of 32 m. Eq. reached on Period 15x, at the 
beginning of the fever, while the intake was still 
constant, may indicate an increased oxidation of 
fat. 

The following interpretation may be placed 
upon these data. The diet was fairly rich in fat 
and the pH of the urine tended normally to be 
low. It is well known that children develop signs 
of ketosis and acidosis much more readily than 
adults. It is also well known that during fever 
metabolism is increased. In nin’anol fever, the 
fuel for the increased metabolism is not protein 
and hence must consist of fat and carbohydrate, 
and probably in this case consists mostly of fat. 
The tendency to alkalosis, which Koehler (10) 
observed during fever in adults, is evidently coun- 
teracted by the above mentioned tendencies in chil- 
dren. The results obtained in this case are a com- 
bination of the shifts of water and electrolytes 
which occur during uncomplicated nirvanol fever, 
plus the effects of partial starvation. The impor- 
tant point is that no sign of any alkalosis can be 
observed. The results of this work may be taken 
to indicate that mineral metabolism during allergic 
states is a matter of hydration and dehydration, 
not of fundamental changes in the acid-base econ- 
omy of the body, and that the benefits of acid 
therapy in allergy may be due to the diuresis and 
dehydration resulting therefrom. 

A few other chemical analyses of the blood have 
been included in Table II. Bicarbonate was de- 
termined gasometrically, chlorides volumetrically, 
and pH by means of a special quinhydrone elec- 
trode mounted inside a glass syringe. Determi- 
nations were made on blood senun, collected un- 
der paraffin oil, and protected from contact with 
the air. Serum protein concentration, determined 
by a dipping refractometer, showed no significant 
trend in this particular case. Since this measure- 
ment is considerably influenced by changes in se- 


rum lipids and other factors, not much emphasis 
should be placed upon it. The pH remained con- 
stant within the limits of experimental error both 
in the normal period and during the rash and fe- 
ver. Bicarbonates were significantly lowered dur- 
ing the fever. This was probably, but not neces- 
sarily due to their displacement by some other 
anion. The high value for serum chlorides in 
Period 13x was interesting in view of the out- 
pouring of chlorides which occurred on the fol- 
lowing day. The lowest value for serum chlor- 
ides occurred during the height of the fever, but 
the significance of this was rendered somewhat 
less clear because of the lowered food intake at 
this point. These few figures add some confirma- 
tion to the finding that there is no trend toward 
alkalosis during the condition known as niiwanol 
sickness. 

Energy metabolism 

During the study of the exchange of water it 
was found that the heat lost by vaporization of 
water remained normal or slightly below during 
the fever but rose markedly in the two or three 
days immediately following the cessation of the 
fever (see Figure 1). It is generally accepted 
that febrile temperatures are reduced through the 
mechanism of increased perspiration. In these 
children with nir\-anoI fever, insensible loss of 
water did not increase until after the fever had 
abated. Therefore, the excess heat produced 
must have been lost by increased radiation, con- 
vection, and conduction. Normally about 75 per 
cent of the heat produced by the body is lost by 
these means, and 25 per cent by evaporation of 
water. For the sake of completeness, studies 
were made of the energy exchanges of five other 
patients with nirv^anol sickness who were not main- 
tained in the metabolism ward. 

Daily measurements were made of basal oxj-- 
gen consumed and carbon dioxide produced, and 
simultaneous measurements were made of the rec- 
tal and skin temperatures. Skin temperature was 
measured over the chest and epigastrium by the 
method devised by Burton (11). This involves 
the use of a resistance thermometer made by sew- 
ing fine nickel wire to the inside of a gauze vest. 
In still air, the heat lost by a warm body by radia- 
tion, convection, and conduction is directly pro- 
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portional to the difference between the surface 
temperature of the body and the temperature of 
the environment. Changes in relative humidity 
over a range of 20 to 80 per cent have very little 
effect on this property of warm objects. Hence 
by measuring the average skin temperature of a 
patient and subtracting the room temperature, one 
can obtain a comparative measure of the heat 
which is lost by radiation, convection, and con- 
duction. Burton (12) has shown that a measure 
of the ease with which heat is conducted from the 
interior of a warm body to the outside can be ob- 
tained by calculating the ratio 

Excess of skin temperature over room temperature 

Excess of rectal temperature over skin temperature* 

Changes in the ease with which heat is conducted 
from the interior to the exterior are chiefly due 
to changes in the peripheral blood flow, and ac- 
cordingly this index is a comparative measure of 
changes in the circulation of the skin. This in- 
dex will be referred to as the circulation index, 
and the numerator of the fraction as the excess 
temperature. 


TABLE III 

Subject J. S. 

Weight 29.2 kgm. Ht. 131 cm. Treated with nirvanol 
but developed no reaction. 


Date 

Room 

tem- 

pera- 

ture 

Skin 

tem- 

pera- 

ture 

Excess 

tem- 

pera- 

ture 

Rectal 

tem- 

pera- 

ture 

Circu- 

lation 

index 

Metab- 

olism 

March 1933 

- c . 

»C. 

°C. 

“C. 


cat. per sq. 
m. per hour 

5 

22.20 

33.40 

11.20 

37.5 

2.7 

43.8 

6 

23.15 

32.15 

9.00 

37.0 

1.9 

45.1 

7 

27.46 

33.96 

6.50 

37.4 

1.9 

45.6 

8 

24.52 

33.11 

8.59 

37.2 

2.1 

48.4 

9 

19.38 

31.25 

11.87 

37.5 

1.9 

42.4 


Table III shows first the results of an experi- 
ment which will serve as a control. Boy J. S. 
received nirvanol but failed to develop any reac- 
tion. The room temperature was deliberately 
varied from day to day. From the table it is ap- 
parent that the excess temperature varies with the 
room temperature, but the circulation index re- 
mains relatively constant. These figures show 
that over the time and temperature range of the 
experiment, there was no significant alteration by 
the normal body of the peripheral circulation. 


TABLE IV 
Subject W. L. 

Weight 23.6 kgm. Ht. 128 cm. Energy metabolism 
during nirvanol sickness and a subsequent respiratory in- 
fection. 


1 

Date 

Room 

tem- 

pera- 

ture 

Skin 

tem- 

pera- 

ture 

Ex- 

cess 

tem- 

pera- 

ture 

Rec- 

tal 

tem- 

pera- 

ture 

Cir- 

cula- 

tion 

index 

Metab- 

olism 

Re- 

marks 

December 193S 

21 

22 

“C, 

25.5 

27.5 

° c . , 

33.5 

35.1 

“C. 

8.0 

7.6 

-C. j 

36.7 

36.7 

1 

1 

2.5 

4.7 

Cal. per 
sq. m. 
per hour 

42.7 


24 

28.1 

36.0 

7.9 

37.6 

4.9 

44.7 


25 

27.2 

35.9 

8.7 

38.2 

3.7 

51.9 


26 

26.4 

37.5 

11.1 

39.0 

7.4 

54.0 

Rash 

27 

27.2 

37.7 

10.5 

38.4 

15.0 

45.2 

Rash 

28 

27.5 

36.9 

9.4 

38.6 

5.5 

54.1 

Rash 

29 

26.6 

34.6 

8.1 

38.2 

2.3 

53.1 

Rash 

30 

27.0 

35.9 

8.9 

38.7 

3.2 

45.5 

gone 

31 

26.7 

34.3 

7.6 

37.2 

2.6 

44.7 



In contrast, Boy W. L. developed a typical re- 
action lasting three days from December 25, 1932 
to December 27, 1932. The second rise in tem- 
perature on December 28, 1932 was due to the 
development of a respiratory infection. From an 
experimental standpoint this was a fortunate oc- 
currence since it permitted a comparison of the 
effects of fever, with and without a rash, on the 
circulation index. In this experiment the room 
temperature was kept relatively constant. During 
the nirvanol rash and fever the excess temperature 
and the circulation index were both significantly 
increased, while later, during the fever due to the 
respiratory infection and after the disappearance 
of the rash, the excess temperature and index re- 
turned to normal. This case showed the m^ost 
pronounced changes ; others studied shoVvecI 
changes of lesser magnitude, but in the same di- 
rection. From the data observed the conclusion 
might be drawn that during the abatement of nir- 
vanol fever the excess heat is lost, not by the 


usual method of increased perspiration, but by 
increased peripheral circulation, and hence m 
:reased loss through radiation, convection, and 
:onduction. The rash and visible flushing of the 
skin may be considered as the mechanism whereby 
;he increased heat loss is brought about. 

The measurements of heat production during 
;he fever have been calculated as per cent^ of the 
lormal level establishd on each child during the 
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afebrile state. Coniparisoti of all the re.sults 
shows that there is an increase of ap])roximately 
13 per cent in the heat produced for each rise of 
one degree centigrade in the rectal temperature. 
The exchange of energ}' during malaria, typhoid, 
erysipelas, and other fevers has been worked out 
in great detail by Barr. DuBois. and their co- 
workers (13) at the Russell Sage Institute. 
They found in general that the heat jiroduction 
during fever remained at about 20 to 2.S per cent 
above basal e.xcept during chills, when it ro>e to 
200 jier cent above basal. Fever was maintained 
because of inadequate increase f)f heat loss 
through the skin, not because more heat was pro- 
duced than can normally be eliminated. This 
mechanism is apjiarently common to all fevers, 
including nirvanol fever. 

It may be said therefore that nirvanol fever is 
due mainly to inadequate increase of heat loss, 
and is relieved chiefly by a later increase in heat 
radiated, conveyed, and conducted away from the 
body. This last process is doubtless brought 
about by the changes in the peripheral circulation 
which are evidenced by the ervthema during the 
skin reaction. W'e infer that in the early stages 
evaporation is prevented from increasing, and 
that this is the chief reason for the fever. 

SUMJt.VRV 

1. There occurred in ]jhenylethylhydantoin 
sickness, as in serum sickness, a temporary re- 
tention of water, then of sodium and chloride, 
then of potassium, in the order stated. 

2. During the fever, there was a slight tend- 
ency toward acidosis, as evidenced bv a study of 
the acid-base equilibrium of the urine. At no 
time during the reaction did there appear any 
sign of alkalosis. 

o. The rate of o.xygen consumption was in- 
creased in proportion to the height of the fever. 

d. The fuel for the increased heat production 
was not protein. 

3. The fever was relieved bv an increase in the 


heat lost through the channels of radiation, con- 
duction, and convection. 

The author wishes to expre.ss his gratitude to 
Dr. E. F. .\dolph and Dr. S. \V. Clausen for their 
guidance, and to Dr. A. C. Burton, ^liss Augusta 
McCord and Mr. G. S. McClure for their kind 
assistance. 
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Our interest in the mineral metabolism in acro- 
megaly was aroused by the remarkable general- 
ised rarefaction of the bones shown in x-ray 
films of one of our patients in an advanced state 
of this disease. Since we have been unable to 
find in the literature any record of metabolic 
studies in acromegalics more recent than that of 
Bergeim, Stewart and Hawk (1) in 1914, and in 
view of the important advances of the past few 
years in the study of calcium and phosphorus 
metabolism, particularly in certain pathological 
conditions of bone, we feel that the observations 
which we have been able to make on this patient 
are worthy of recording. 

CASE HISTORY 

T. W., a Jewess 51 years of age, was admitted to the 
metabolism service of the Royal \'ictoria Hospital on 


April 6th, 1932, complaining of weakness and failing 
vision. Her appearance was that of an advanced acro- 
megalic (Figure 1). 

According to the history obtained from the patient 
herself, she was born in Russia, and in her early life 
was a strong, health}', apparently normal girl. At the 
age of eleven she began to be troubled with severe gen- 
eralized headaches which ceased coincidentally with the 
onset of menstruation two years later. She was married 
at 20 and had two normal children, in her 22d and 24th 
year respectively. 

At the age of 29 she came to Canada; she remembers 
that at this time she was admired for her general phy- 
sique and attractive appearance. Until she reached the 
age of 32 her menstruation had always been normal, but 
at this time it ceased completely and finally. In the fol- 
lowing year, several years after the death of her first 
husband, she married again, but had no further preg- 
nancies. Shortly after this, her sister, who had not seen 
her for four years, failed to recognize her, as her fea- 
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Fio. 3. X-RAY OF Right Hand. 


lures had enlarged, and changed in appearance, as also 
had Iier hands. A photograph taken in her 26th year 
shows evidences of early acromegaly; the characteristic 
appearance is well established in one taken four years 
later. She states that her face has been changing pro- 
gressively since the onset. .At the age of 39 she was 
forced to wear a larger size of shoes, but there has been 
no change in size since then. 

In her late forties a generalized feeling of weakness 
began which has been progressive since, especially in the 
legs; she now has to walk with a cane. When she was 
about 48 her eyesight began to fail, and for the two years 
preceding admission to hospital she has been unable to 
read. 

Her hair, which used to be oily, has now become dr> 
and coarse; the skin is less greasy than it was, but is not 
dry. 

In the physical examination the most striking feature 
is the advanced acromegalic appearance ; the features are 
Hrge and coarse, with heavy overhanging supraorbital 
ridges, broad cheek bones, large nose, thick lips, and 
enormous projecting mandible. The hands and feet are 
also rnuch enlarged, and typically spade shaped. The 
chest is definitely increased in anteroposterior diameter, 
the supra- and infra-clavicular fossae being very pro- 
nounced. The pelvic organs are also large ; neither ex- 
ternal nor internal genitalia show the changes usually 
associated with the menopause. The pelvic hair has the 
normal female type of distribution, and is moderatelv 
coarse ; that of the head is decidedly coarse, dry and very 
amndant; the axillae, however, have but scanty hair. 

hile the optic fundi appear normal, vision in the left 
e.ye IS 6/30, in the right 6/20; the visual fields show a 

itcmporal hemianopsia. Casal metabolic rate, averaged 
trom seteral determinations, is -1-3 (approximatelv 1300 


calories per 24 hours). Blood chemistry is normal tor 
the main constituents. The urine is negative. There is 
a moderate degree of anaemia, with 3.400.000 erythro- 
crtes, and 60 per cent haemoglobin (8.4 grams per 
100 cc.). The blood pressure averages 130 sj-stolic and 
85 diastolic. There is nothing of importance in the other 
organs. 


.o,. vvcic iiiauc an oi wnicn Showed 

a spongy osteoporotic appearance of the bones. The fol- 
lowing is a somewhat abbreviated summarv- of the re- 
ports^ furnished by Dr. A. H. Pirie. Roentgenologist-in- 
Chiet of the Royal A'ictoria Hospital. 

//ninf— The terminal phalanges have a corn sheaf ap- 
pearance. The base of each middle phalanx is expanded 
and lipped, externally and internally. The trabeculae of 
the phalanges, metacarpal and carpal bones are opened 
out so as to torra a wide network. There is a periosteal 
new growth oi bone on the shaft of each proximal pha- 
lanx and metacarpal bone. 

Foot— The trabeculae are opened up in alt bones of 
the toot e.xcept the shafts of the metatarsals and the 
proximal phalanges. There is periosteal new bone fo- 

bones. The x;r 

.„d Thl fr„‘ a"’' 

views of the head Sw'a TreaTTuf 
the bones of the face. The cer^-iS'v'^rteh" 
rarefied ground-glass appearanc^ " 

L<ni.’cr cxtrcmilics — The hnno- 
lar in outline, the trabeculae rarefied and irregu- 

sponge-like network the ^ ^ 

-pac&e ot which are larger than 
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in normal bone. The lower ends of the femora at the 
metapli 3 -ses are flattened from before backward and 
broadened from side to side. The articular surface at 
the lower end of each femur is more irregular in outline 
than normal; such an appearance is observed in cases of 
osteoarthritis, but evidence of lipping, as in osteoarthritis, 
is absent. There is marked periosteal new bone forma- 
tion in each femur, broadening the diameter of the shaft. 
The patellae are a little larger than usual. 

Chest — The heart is under average size; the aorta, 
trachea, and diaphragm are negative. The trabeculae of 
the bones of the chest and clavicles present tlie opened- 
out appearance of a meshwork. 

GENERAL METHODS 

The metabolic studies reported here were car- 
ried out during two different periods in hospital, 
at an interval of approximately one year, during 
which time the patient had been under observation 
in the Out-Patient Clinic, where no obvious 
changes in physical condition were noted. In 
Ma)b 1932, Diet I was commenced, and the ob- 
servations were carried out over three periods of 
three days each. Following this. Diet II was 
given and after a fore period of several days, 
observations were made for the same number of 
periods. The patient was readmitted in May, 
1933, as we desired to see the effect of a diet 
still higher in calcium, with and without viosterol ; 
accordingly observations were made over three 
periods during which she consumed Diet III, fol- 
lowed by two periods in which in addition she 
was given viosterol (250 D) in the dose of twenty 
drops three times daily, and three periods with 
thirty drops at each dose. 

The composition of the individual diets was as 
shown in Table I ; it did not vary during the pe- 
riod under study. According to standard tables 
(2), Diets II and III were approximately neutral; 
Diet I, however, was found to have an excess 
acidity of approximately 18 cc. of normal acid, to 
counteract which sodium bicarbonate was given to 
the patient immediately after meals in dosage cal- 
culated to neutralize the excess acidity. At no 
time was the nitrogen balance on the negative side. 

The nursing, dietetic and analytical methods 
used were the same as those described in a pre- 
vious communication (3). 

RESULTS 

The results of this investigation are sum- 
marized in 'J'ablc II, in which the first two sets 


TABLE I 

Composition of diets 

(Daily intake in grams or cubie centimeters) 



Diet 

I 

Diet 

H 

Diet 

lU 

Orange 


250 

250 

Grapefruit 

o 

o 

Oatmeal (cooked) 

ISO 

150 

Cream of wheat (cooked) 

150 

Potato — white 

50 

50 

50 

Potato — sweet 

100 

100 

100 

Carrots 

100 

100 

Bread 

140 

120 

120 

Butter 

40 

24 

24 


2* 

2* 

2* 



1 

81 

0 

0 

Milk 

100 

475 

675 

Honey 

18 

17 

17 

r'?innpH pp.nr.h 


155 

155 

T'nmatn jiiirp 

150 




100 





32 

1 

1 


rmrlrpr 


1 

10 





/^Vpprnvimnf-p vnlnes — Prntpin 

50 

50 

57 

Fat 

50 

50 

59 

Carbohydrate. 

200 

0.299 

200 

0.810 

217 

1.060 

Phnqnhnriis rontpnf 

0.533 

0.966 

1.259 






* Eggs were not weighed ; those used were all approxi- 
mateh' the same size. 


of data represent the observations made in 1932 
and the remaining sets of data those made in 1933. 
It will be observed that the blood serum calcium 
and inorganic phosphorus remained fairly con- 
stant throughout all periods of investigation, the 
blood calcium values tending to range from nor- 
mal to slightly below normal, while the inorganic 
phosphorus was slightly elevated. 

From the standpoint of the balance of both cal- 
cium and phosphorus the important point is that, 
disregarding the periods in which viosterol was 
given, the balance was decidedly negative on the 
diet affording the lowest intake of calciuin an 
phosphorus, less negative on Diet II. while it be- 
came positive on the higher intake of Diet H • 
In Table III are summarized the reports of ca - 
cium and phosphorus balances in acromegaly 
which we have been able to find in the liteiaturc 
from the work of Schiff (4) in 1897. to ' 

ies of Bergeim. Stewart and Hawk in 1914 ( )■ 
Our own figures are found in the first three sds 
of data. To make the results comparable, a 
values have been recalculated in terms of grams 
of calcium or ])hos])horus jier diem. In on } 
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TABLE II 


Calcium and phospiinrus mciahnlism. [In the case nf diet, urine, and feces, fi^nrei represent the average for a single period of 

three days expressed in miitigrams) 


Diet 


1 

of 1 

Intnkc 

Output 

pcrifvis 1 

1 

Urine 

1 Stool 

Total 


Balance 


Sirrur: 


Calcium 




1 t^fr 

3 da^s 

f’rr 

3 ifi2ys 

3 days 

per 

3 days 

per 

3 days 

TK^TK. per 

100 cc. 

1 


i 807 

968 

988 

1956 

-1059 

9.2 

ii 


1 2430 

1004 

1628 

2632 

- 202 

11.0 

HI 

3 

i 3180 

1243 

1664 

2907 

4- 273 

10.2 

Ill -r Viosterol 

1 

j 3180 

1370 

1637 

3007 

4- 173 

TO.O 
‘ 10.6 






n I + Alosterol 

2 

! 3t.'!0 

2416 

11.S1 

3567 

- 387 



I ■ I ; I 


Phosphorus 


1 

3 

! 1599 

1390 1 

809 

2199 

- 600 

5.1 

11 

I 3 

i 2808 

i 1790 

1366 

3156 

- 258 

4.1 

Ill 

3 

1 3777 

2296 { 

1276 

t 3572 

+ 205 

4.1 

1114- ^5osterol 

3 

i 3777 

2068 1 

1336 

; 3404 

-r 372 

4.3 

Ill -f- Viosterol 

2 

1 3777 

3280 I 

1138 

4418 

- 641 

■5.0 


case reported completely enough to be included in 
the table was a negative balance found — that of 
Oberndorffer (7) reported in 190S. in which, with 
a calcium intake of 1.354 gram per diem the sub- 


T.MILF. in 

Summary of calcium and phosphorus luetabolisiu date 
found in the literature. (Values represent the 
average for a single day expressed in milli- 
grams of Ca and P.) 






Outpat 


Author 

Diet 

Intake 



Balance 

— 



Urine 1 

Stool 1 Total 



ScriTer and Brj-an 

Von Mora?2€w?1d (5) 

E^all and Miller (6) 

Oberndorffer (7) 

Medisrcceanu and Krliteiler (8) 
BergeuD, Stewart and Hawk (I). 


Calcium 


I 

rngm. 

mjm. 

771 yni. 

TTIJTTI, 

209 

323 

320 

652 

n 

810 

335 

543 

878 

III 

1060 

414 

.555 

960 

I 

1606 

320 

526 


II 

2170 

178 

701 

879 


1691 

6)2 

S72 

1554 


1354 

400 

1571 

lOSO 


1100 

626 

OiO 

86S 


1067 

114 

7S1 

895 


— 3 .>5 

— f>^ 
•f- 01 

751 
-i-1276 
-r 157 

— 626 
-r 232 
-f- 172 


Phosphorus 


scriver and Bryan 

?cbifT (4) 

' oa Moraezewski (5) 

Eian and MiDer (6) . 
ubOTdorSer (7) . . 

Stewart and Hawk (1). 


I 

533 

463 

270 

733 

n 

966 

507 

455 

1053 

III 

1259 

<60 

42.5 

1190 


1120 

742 

2.S.5 

1027 

I 

5478 

1704 

244 

104S 


4260 

2022 

288 

2310 


13S5 

762 

334 

1096 


1001 

62S 

355 

9S4 



086 

79 

655 


<50 

400 

93.3 

635 


- 2CO 

- S7 
+ 60 
+ 93 
+1.530 
+19.59 
+ 2.S9 
+ 17 
+ 10 
+ 115 


jeet actually e.Kcreted 0.626 gram daily more than 
he ingested. In this same case the phosphorus 
iialance was just barely positive fa retention of 
0.017 gram per day). It will be observed on 
studying the figures that no case in the literature 
received a daily calcium intake as low as did our 
patient with Diets I and II : and that with Diet 
III. when her daily calcium intake was comparable 
to that fed by Medigreceanu and Kristeller fS) 
and by Eergeim, Stewart and Hawk fl). her 
daily retention was 0.091 gram as compared with 
their respective values of 0.232 gram and 0.172 
gram. A study of the phosphorus intake sum- 
marized in Table II leads to similar considerations 
except that the case reported by Medigreceanu 
and Kristeller (8) on an intake of 0.675 gram of 
phosphorus a day, slightly higher than that af- 
forded br- our Diet I. remained in positive bal- 
ance with a retention of 0.01 gram a day. In all 
studies except the present one, the intake of cal- 
cium and phosphorus has been so high that a 
positive balance might be expected in a normal 
individual f3). 

After our subject had received Diet III for 
three periods of three days each, she was given 
viosterol, in addition, for five periods to obsen'e 
its effect on the absorption of calcium and phos- 
phorus. For the first two viosterol periods the 
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dosage M'as .-iiNty drop.s of the 250 17 jirejiaration 
a day (twenty drojis three tiine.s a day), and for 
the la.*;! three periods she received ninety drops a 
day divided into three equal doses. A study of 
the data shows that during tlie last two of the five 
viosterol periods the e.xcretion of both calcium and 
phosphorus in the urine increased significantly, 
whereas there was a decrease in the amount in 
the faeces ; the increased urinary e.xcretion. how- 
ever, was so great as to swing the balance to the 
negative side. Except for the increase of phos- 
phorus in the urine, these results are similar to 
those obtained by Pugsley (9) in rats receiving 
large doses of irradiated ergosterol. relatively 
many times greater than those received by our 
patient. We are unable to offer an e.xplanation 
for this effect. 

Under this therapy the level of both elements 
in the serum tended to rise slightly, but did not 
exceed those observed in the preceding periods 
without medication. 

DISCCSSIOX 

In their monograph on the pathological findings 
in acromegaly. Cushing and Davidoft (10) empha- 
size the adenomatous changes found in the endo- 
crine organs. In two of their cases, where the 
parathyroids were identified, in one a single para- 
thyroid was found enlarged and showed micro- 
scopically evidence of proliferative activity: in 
the other, what was taken to be a central adenoma 
ot the parathyroid was found. They were, how- 
ever. unable to find in the literature any extensive 
reference to the state of the parathyroids in acro- 
megaly, and point out that our knowledge of the 
function of the parathyroids is greater than our 
knowledge of their histopathologv'. 

Our present studies fail to produce definite me- 
tabolic evidence of parathyroid hyperfunction, 
the criteria of which are now so well established 
(11) (12). The failure to demonstrate an in- 
crease of the serum calcium above 11 mgm. per 
100 cc. or a decrease of tbe inorganic phosphorus 
below 4.1 mgm. per 100 cc. is evidence against the 
presence of this condition, even in its less typical 
forms (13). On the other hand it is obvious 
that the excretion of calcium in the urine is rela- 
tivelv greater in amount than that observed in 
normal individuals on similar intakes of calcium, 
and is one of the factors which tend to produce a 


negative balance when the intake is low. As the 
diets were appro.ximately neutral this increased 
e.xcretion cannot be due to " uncovered ” acid 
radicles. 

Unfortunately in none of the cases here re- 
viewed are figures given for caldum and phos- 
phorus in the serum. The cases of Edsall and 
Miller (6) and Medigreceanu and Kristeller (8) 
show an e.xcretion of calcium in the urine which 
approaches the levels seen in frank hyperparathy- 
roidism : those of Von Moraezewski (5) and 
Oberndorfter (7) are nearer to those found in 
our case. Von Moraezewski's second obseri'ation 
and Bergeim. Stewart and Hawk's (1) case show 
levels similar to those found in normal subjects. 

Whether a mere increase of excretion of cal- 
cium in the urine, without changes in the calcium 
and phosphorus levels in the serum, can be taken 
as evidence of hyperparathyroid activity or not 
is at present a controversial subject, with the bulk 
of the evidence favouring the negative. With the 
present criteria, our case, lacking the abnormal 
findings in the serum, and showing only a mod- 
erate increase in urinair- e.xcretion. cannot be 
classified as showing true evidence of parathyroid 
hyperfunction. 

The calcium metabolism is similar in our case 
to that observed in Cushing’s (14) nvelfth case 
of pituitarj- basophilism in that both show a nor- 
mal level in the serum, and a moderately increased 
excretion in the urine. The serum phosphorus, 
however, in Cushing's case was at a definitely low 
level, whereas it was within normal limits in ours. 

It is a well recognized fact that rarefaction of 
the bones may result from hyperthyroidism (15). 
a condition which might be considered as an etio- 
logical factor in this case. There is. however, 
nothing in the history or physical condition to 
suggest past or present hyperthyroidism, the pa- 
tient has never been under thyroid medication, 
and the basal metabolic rate falls within normal 
limits. From the metabolic point of view the ex- 
cretion of calcium and phosphorus is also at a 
much lower level than that found in hyperthy- 
roidism. 

The occurrence in acromegaly of such marked 
rarefaction of the bones as is present in our case 
must be unusual, as we have been unable to find 
any reference to it in the literature. Studies of 
the histopathological changes found in tbe bones 
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of acromegalics (10, 16, 17, 18, 19) indicate that 
the skeletal growth is due chiefly to new compact 
bone laid down by the periosteum, with coinciden- 
tal resorption of the old bone on the inner side, 
leading to enlargement of the marrow cardties in 
the long bones, accessor}’- sinuses in the face, and 
general broadening of the flat bones. In the tho- 
rax, growth takes place by the formation of new 
bone at the end of the ribs through proliferation 
and subsequent ossification of the costal cartilages. 
Most of these changes are evident in x-ray studies 
of our case. Thus, although the epiphyses are 
closed, the skeleton of the acromegalic grows in 
breadth, the calcium and phosphorus being laid 
down in the newly ossified tissue and resorbed 
from the old bone, in a process which appears 
from the biochemical viewpoint to be similar to 
that invoh'-ed in the growth of bone, in normally 
growing young animals. 

It is well established that the young growing 
animal, or one in the latter part of pregnancy, is 
sensitive to alterations in the calcium or phos- 
phorus or vitamine intake, and a deficiency in 
these elements due to a poorly balanced diet or 
to poor absorption may lead to rickets or osteo- 
malacia with generalized rarefaction of the bones. 

In our case Diet I is deficient in calcium for the 
average adult, Diet II probably so, and Diet III 
theoretically sufficient. The increased excretion 
of calcium and phosphorus in the urine together 
with the change from negative to positive balance 
with increase in intake would tend to show that in 
this case absorption is not at fault. The failure 
of viosterol therapy to increase the retention of 
calcium may be taken as evidence that the lack of 
vitamine D is not a significant factor, at least with 
these diets. Our studies show that in her jiresent 
condition, when the overgrowth of bone is not 
rapid, though x-ray suggests that it is still pro- 
ceeding, the patient needs a dail}' intake of ap- 
proximately one gram of calcium to remain in 
positive balance ; with less than this there is actual 
calcium loss. While it is obviously impossible to 
obtain a reliable dietary history extending over 
the past twenty years, we feel that the most ra- 
tional explanation of the bony rarefaction is that 
during the prolonged period of overgrowth of the 
skeleton stimulated by pituitary dysfunction, the 
calcium-phosphorus intake has been insufficient, 
when associated with the increased urinary excre- 


tion of these elements, to establish a positive bal- 
ance of sufficient degree to meet the demands of 
the growing bones. In consequence these have 
been laid down in a state of incomplete calcifica- 
tion, a state which has not since been remedied 
by any change in the diet sufficient to produce a 
positive balance, and promote storage of calcimn 
tn'iihosphate in the bones. 

SUMMARY 

Calcium and phosphorus metabolism has been 
studied in an advanced case of acromegaly show- 
ing generalised rarefaction of the bones. These 
findings are compared with others from the litera- 
ture, in which, however, no other reports of rare- 
faction of the bones have been found. 

It is suggested that in this case the osteoporosis 
is due to an insufficient intake of calcium and 
phosphorus associated with a moderate increase in 
excretion in the urine during the years of acro- 
megalic growth ; no complete evidence has been 
found to support the view that parathyroid or 
th)n*oid hvperfunction plays any part in the 
process. 
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As might be anticipated the identification of 
parathyroid hyperfunction as the cause of osteitis 
fibrosa cystica (21, 30) has occasioned many at- 
tempts to indict the parathyroid glands in other 
malacic diseases of the bone. The controversy in 
the literature regarding the use of parathyroidec- 
tomy in the treatment of various disorders of the 
skeletal system would seem to be ample testimony 
that the possible role of the parathyroids in caus- 
ing diseases associated with disturbances of calci- 
fication is not yet clearly defined (3, 4, 5, 6, 7, 15). 
In the opinion of some writers apparently, back- 
ache and some x-ray evidence of demineralization 
of the vertebrae are sufficient grounds for the di- 
agnosis of “ parathyroidism ” and the procedure 
of parathyroidectomy. The more critical school 
has maintained that hyperparathyroidism is a dis- 
tinct clinical entity usually associated with ade- 
noma of parathyroid tissue and characterized by a 
definite disturbance of calcium and phosphorus 
metabolism. Certain metabolic criteria have been 
proposed which are : 

1. Hypercalcemia, usually with hypophosphate- 

mia. 

2. Excessive excretion of calcium and phos- 

phorus. 

3. Increased retention of calcium with high phos- 

phorus intake. 

Frequently it is implied that some one or all of 
these criteria must be satisfied before a diagnosis 
of hyperparathyroidism may be made; occasion- 
ally the statement is made that the laboratory 
findings are “ pathognomonic ” of the disease 
(15). 

The present communication does not pretend 
to settle the controversy regarding etiologic rela- 
tionships; original data are submitted simply to 
emphasize the hazards of entertaining any notions 
that the biochemical findings in diseases of the 
skeleton can suffice to establish a diagnosis. 


METHODS 

Protocols of the cases studied are appended. 
Cases 1, 2 and 3 were diagnosed myelomatosis; in 
Case 1 the diagnosis was confirmed by autopsy, 
in Cases 2 and 3 by biopsy of excised bone. Case 
4 presented the clinical picture of Paget’s disease 
of the bones and this diagnosis was confirmed at 
autopsy. 

The patients, all males, were studied on the 
medical wards of the New Haven Hospital. The 
diets were specially prepared in the diet kitchen of 
the hospital and the usual precautions required 
for careful balance studies were observed. In 
Case 1, since varied diets were given, the intakes 
of calcium and phosphorus were calculated from 
Sherman’s tables (36). In Cases 2, 3 and 4 a 
constant intake was insured by giving an identical 
diet on every day of the experiment as well as 
during a three-day fore-period. At frequent in- 
tervals duplicate diets were analyzed for calcium, 
phosphorus and nitrogen. The actual and calcu- 
lated values for calcium and phosphorus in the 
low calcium diets agreed within 5 mgm. for 24 
hours. In the high calcium diets the analytical 
values were lower than the calculated figures by 
2.3 per cent for calcium and 7.3 per cent for 
phosphorus. The acid-base values of the diets 
were essentially neutral. 

In Cases 2 and 4 the excreta were collected in 
periods of three days each ; in Case 3 the periods 
were 4 days each; a few periods in Case 1 were 
longer. The principles of the ward routine and 
methods closely followed those described by Bauer 
and Aub (9). In the collection, separation and 
preservation of specimens the usual careful tech- 
niques were employed. Daily analyses for cre- 
atinine served as checks on the completeness of 
urine collections. 

The wet stools for each period were mixed ac- 
cording to a method used in this laboratory (26)* 
Weighed aliquots of urine and stools were ashed 
in a muffle furnace at 600° C. Calcium was pre- 
cipitated as the oxalate from acid extracts of the 
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ash at a pH between 4 and 5. After standing 
overnight the salt was filtered off on fritted Jena- 
glass funnels, washed with dilute ammonia water, 
dissolved in sulphuric acid and the oxalate was 
determined by titration witli 0.05 N potassium 
permanganate. Phosphorus was precipitated from 
the extract of the ash as magnesium ammonium 
phosphate. After cooling, shaking for five min- 
utes and allowing to stand overnight, the salt was 
transferred quantitatively to weighed Gooch cru- 
cibles and ignited in the muffle furnace at 600° C. 
for one hour. After drjdng in the desiccator the 
crucibles containing magnesium pyrophosphate 


were reweighed. The accuracy' of the methods 
for calcium and phosphorus in the excreta was 
frequently checked by analyses of known solu- 
tions. The maximum error was 3 per cent. 

Serum calcium was determined by a modifica- 
tion of the Kramer-Tisdall method (20) and se- 
rum phosphorus by the Fiske and Subbarow 
method (17). Serum proteins were determined 
by the previously described method in use in this 
laboratory' (12). 

RESULTS 

The detailed studies of each case are recorded 
in Tables I to IV. To facilitate comparison with 


TABLE I 

Calcium and phosphorus balance. {Case 1, J. B. Diagnosis: Multiple myeloma) 


Dates 

(inclusive) 

Period 

Balance per three-day period 

Serum 

Calduin 1 

Phosphorus 

Cal- 1 
cium 1 

Phos- 

phor- 

us 

JCos- 

pro- 

teiu 

nitro- 

£ea 

Total 

pro- 

tein 

Albu- 

min 

Gtob- 

ulin 

Output 

i 

In- 

take 

Balance 

Output 

In- 

take 

i 

Balance 

1 

j Urine 

Stools 

Total 

Urine 


Total 



1 


i 








ngm. 

mgm. 

mgm. 

grams 

grams 

graris 



grams 

. grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

irr 

far 

fer 

per 

per 1 

per 



1 


1 








cant 

i cenf 

canl 

esni 

uni 

cent 

July 19 












18.1 

S.l 

56 

13.1 

2.8 

10.3 

July 23 












1S.S 

2A 


11.6 

2.9 

8.7 

Aug. S 












11.3 

3.2 


11.6 

2.6 

9.0 

Aug. 13 












12.4 

3.6 

41 

12.0 

2.7 

9.3 

Aug. 19-23 

I 

.97 

4A1 

3.28 

6.42 

-H.14 

I.9S 

MMm 

4.71 

3.13 

4- .42 







Aug. 26 












12.S 

1.S 

39 

11.3 

2.2 


Sept, 26-29 

II 

.67 

4.16 

4.83 

6.87 

4-2.04 

1.52 

l!3 

2.68 

4.89 

4-2.21 







Scpt.30-Oct. 4 

III 

.81 

5.95 

6.76 

6.18 

- .58 

2.57 

2.41 

4.98 

7.59* 

4-2.61 







Oct. 4-7 

IV 

1.27 

6.51 

7.78 

6.84 

- .94 

2.90 

2.10 

5.00 

8.07» 

4-3.07 






Hi 

Oct. 24-30 

V 

.68 

3.10 

3.78 

5.49 

-t-1.71 

I.S3 

.78 

2JS1 

3.51 

4-1-20 

1 12.6 

S,5 


12.2 

3.1 


Oct. 31.., 












15.9 

3.4 

51 

12.3 

2.8 

9.5 


VI 

1.48 

4.63 

6.11 

3.81 

-2.30 

1.26 

1.95 

3.21 

1.92 

—1.29 







Nov. 24-27 

VII 

1.11 

4.62 

5.73 

6.27 

+ -54 

2.44 

2.01 


4.74 

4- .29 







Jan. 28. 1931 



1 









n.7 

3.4 

34 

9.8 

2.7 

7.1 


* 2.82 grams P per three-day period added as (NH<)i HPO<. 

TABLE II 

Calcium and phosphorus balance. {Case Z, A. C. Diagnosis: Multiple myeloma) 




1 

Balance per three-day penod 

Serum 

Dates 

inclusive) 

i Pe- 
riod 

Calcium 

Phosphorus 



N'cn- 

pro- 

tein 




Output 

In- 

Balance 

Output 

Intake 

1 

Balance 

Cal- 

cium 

Phos- 

phor- 

us 

Total 

pro- 

.Albu- 

min 

Glob- 

ulin 



Urine 

WM 

Total 

take 

Urine 

Stools 

Total 



gen 




1933 

Dec. 12. . . i 

! 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

^ams 

grams 

grams 

mgr:. 

per 

cerJ 

rr.gm. 

per 

cent 

rr.gm. 

per 

cent 

grems 

per 

cerA 

grams 

per 

cent 

grams 

per 

cent 

Dec. 18 












11.3 


41 

6.6 

4.6 

2.0 

Dec. 21-24.. . 


1.56 

2.94 






5.16 

6.04 

4.16 

—1.00 

10.5 

SB 

44 

6.8 

4,9 

1.9 

Dec. 24-27.. . 

II 







■■ 





Dec. 28 ■ ■ 








4.8/ 

— 1.17 







Dec. 27-30.. 

III 

IV 

1.18 

1.13 







9.94 

12.74 

11.64* 

11.64* 


10.6 

Kul 

39 


4.3 

1.7 

Dec. 30-Jan. 2. 1934 
Jan. 3 

4.45 

5.58 

3.83 

-1.75 


5.61 

4-1-70 

-1.10 

10.9 



HI 



Jan. 8 












4.8 

3S 


4,4 

2J 



i 










11.2 

9.7 

8S 

6.0 

•4.3 

1.7 


6.72 grams P per three-day period added as NaHjPOi.H-O. 
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TABLE III 

Calcium and phosphorus balance. (Case 3, F. A. Diagnosis: Multiple myeloma) 




Balance per three-day period 

Serum 

Dates 

(inclusive) 




Calcium 



Phosphorus 








Period 


















Output 




Output 



Cal- 

Phos- 

phor- 

pro- 

tein 

Total 

pro- 

tein 

Albu- 

Glob- 






In- 

Balance 




In- 

Balance 

cium 

us 

nitro- 

min 

ulin 






take 




take 



gen 





Urine 







Total 







1954 


grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

mgm. 

per 

mgm, 

per 

mgm, 

per 

grams 

per 

grams 

Per 

grams 

per 

Apr. 3 












cent 

10.5 

cent 

3.8 

cent 

25 

38 

36 

cent 

7.8 

7.4 

6.6 

cent 

5.2 

4.7 

4.0 

cent 

2.6 

2.7 

2.6 

Apr, 19 
























10.3 

4.5 

Apr, 27-May 1 . . . . 

I 

1.85 

4.12 

5.97 

3.90 

-2.07 

4.21 

1.91 

6.12 

4.98 

-1.14 

10.5 

6.6 

38 

7.2 

4.2 

3.0 


II 

2.06 

2.57 

4.63 

4.67 

3.45 

1.72 

-1.18 

-2.95 

4.81 

3.37 

1.11 

1.27 

5.92 


-1.86 

May 5-9 

III 

2.01 

2.66 





1 


1 






5.5 

32 

7.1 

4.3 

2.8 












V 


3.8 

29 

7.1 

4.3 

2.8 

June 6 



1 










3.1 

52 

6.8 

4.7 


June 7—10 


2.34 











June 8 











17.7 

3.8 


6.4 

4.0 


June 15—18 


1.74 












June 18—21 


1.74 


































TABLE IV 

Calcium and phosphorus balance. (Case 4, W. C. Diagnosis: Paget’s disease) 




Balance per three-day period 

Serum 

Dates 

Period 

Calcium 

Phosphorus 







(inclusive) 

Output 

In- 

Bal- 

Output 

In- 

Bal- 

Cal- 

cium 

Phos- 

phor- 

us 

pro- 

tein 

nitro- 

Total 

pro- 

tein 

Albu- 

min 

Glob- 

ulin 



Urine 

Stools 

Total 

take 

ance 

Urine 

Stools 

Total 

take 

ance 



gen 




1932 

npc. 22 


grams 

grams 

grams 

grams 

grams i 

grams 

grams 

grams 

grams 

grams 

mgm. 

per 

cent 

10.2 

10.1 

mgm. 

per 

cent 

4.5 

3.9 

mgm. 

per 

cent 

38 

32 

grams 

per 

cent 

6.7 

grams 

per 

cent 

4.5 

grams 

per 

cent 

2.2 

Dec.31-Jan.3, 1933 

I 

.98 



.23 


1.75 



1.84 


6.4 

4.0 

2.4 


II 

.83 

.97 

1.80 

.23 

-1.57 

1.51 

.72 

2.23 

1.84 

- .39 





9.7 

3.9 

36 

6.2 




IIP 

.47 

.96 

1.43 

.23 

-1.20 

2.67 

4.17 

6.84 

8.42 

-fl.58 


2.2 




9.4 

4.7 

41 

6.2 

4.0 

J?Ti. 9-12 

IVi 

.21 

.27 

.48 

.26 

- .22 

6.04 

1.04 

7.08 

8.64 

-fl.56 



1.5 




10.2 

4.2 

36 

5.4 

3.9 


VI 

.34 

.60 

.94 

.26 

- .68 

4.04 

2.16 

6.20 

8.58 

-f2.38 





Jnn. 10-22 

VP+s 

.24 



1.77 


4.70 

8.70 







Jnn. 92-25 

VIII+! 

.26 



1.76 


5.70 



8.61 


















10.1 

3.7 


6.1 

2.7 

2.0 

2.7 

poh. 0 












8.1 

3.7 

28 

4.7 







1 

1 





7.6 

3.7 

35 

5.3 

2.6 


















— 


^ 16.72 grams P per three-day period added as NaHjPO^.HzO. 

“ 1.50 gram Ca per three-day period added as Ca(C3H603)2.5 H 2 O. 

During four-day interval between Periods IV and V diet and medications continued as in Period IV. 


each other and with similar studies in the litera- 
ture the figures for all the balance experiments 
have been calculated for three-day periods. 

The patterns of the concentrations of calcium, 
phosphorus and proteins in the sera of the four 
patients varied widely. In Case 1 the hypercal- 
cemia was accompanied by hyperproteinemia while 
the terminal elevation of serum calcium in Case 3 
occurred with a slightly diminished concentration 


of serum proteins. In all cases serum phosphorus 
and proteins fluctuated considerably, but the 
changes apparently bore no relation to serum cal- 
cium except in Case 4 where a progressive de- 
crease in the serum proteins was reflected in a 
diminishing concentration of calcium. All of the 
patients excreted excessive amounts of calcium 
in the urine during the control periods. In the 
first three cases the diets were designed to ap- 
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proximate the customar)’ intake of calcium and 
phosphorus. The urinary excretion of calcium 
b}’ normal indi^dduals taking the same diets varied 
from 0.15 gram to 0.70 gram per three-day pe- 
riod, with an average of 0.50 gram for eleven ex- 
periments. These values for normal calcinuria 
are consistent with reports in the literature (13, 
35). The calcinuria of the patients with mye- 
loma u-as unequivocally excessive. Although this 
is one of the metabolic findings which has been 
alleged to be of pathognomonic significance in the 
diagnosis of generalized osteitis fibrosa c>'stica, it 
is not infrequently obser\*ed in multiple myeloma 
(11, 13, 16, 27, 38). The urinaiy* excretion of 
calcium by Case 4 with Paget’s disease was strik- 
ingly in excess of that of normal individuals on 
low calcium diets. With an identical diet a con- 
trol subject who exhibited no disturbances of 
calcium and phosphorus metabolism excreted 0.30 
gram of calcium per three-day period in the urine 
(average of seven periods). The calcinuria of 
the control subject is comparable with that of 
several normal individuals in the series studied 
by Bauer, Albright and Aub (8), although it 
slightly exceeds the average of the series (0.19 
gram per three-day period). Excessive calci- 
nuria in Paget’s disease is exceptional to the rule 
(34) but not without precedent (32) in the re- 
ported studies of the disease. 

It has been noted that ingestion of extra phos- 
phorus appears to have a very considerable effect 
on the urinaiy' excretion of calcium (2, 13). In 
hyperparathyroidism the diminution of calcinuria 
during periods in which phosphate was fed has 
been construed to support Albright’s theory of 
the functional pathology of that disease {vide 
Discussion). In Case 1 no definite association 
between calcinuria and intake of phosphorus can 
be inferred while in Case 2 the reduction of cal- 
cmuria is not large enough to be entirely con- 
vincing and may have occurred quite indepen- 
dently of the influence of the extra phosphorus 
ingested. The brevity of the studies necessitated 
by the seriousness of the patient’s condition pre- 
cludes any definite conclusions regarding the ef- 
fectiveness of phosphate administration. The 
calcium in the urine of Case 4 strikingly and 
promptly fell when phosphate was added to the 
diet, and after a slight lag fecal calcium excretion 
likewise diminished. Thereafter the total calcium 


balance was maintained within normal limits. 
Even when the intake of calcium was increased 
0.50 gram daily by the ingestion of caldum lactate 
the calcinuria remained small. Unfortunately, 
the syndrome of transverse myelitis super\'ened 
during Period VI and the patient became inconti- 
nent of feces, but urine collections were complete 
up to the end of Period VII. Desired observa- 
tions of the effects of withholding phosphate at 
this time were impossible because of the difficult}* 
of collecting spedmens. In the control subject 
who received the same diet as Case 4 the ingestion 
of phosphate resulted in a slight diminution of the 
caldnuria (0.30 gram to 0.16 gram per three-day 
period) which was reflected in a reduced negative 
caldum balance. In both subjects studied with a 
low calcium diet. Case 4 whose caldnuria was 
strikingly reduced by ingestion of phosphate and 
the control subject whose caldnuria at a lower 
basal level was only slightly diminished by the 
same amount of phosphate, the economy of cal- 
cium was effected without any sigm'ficant change 
in the chemical pattern of the serum. 

DISCUSSION 

Hypercalcemia may and frequently does occur 
in pathological conditions when there is no ana- 
tomical eddence of an increase in the actidtv' of 
the parathyroid tissue. In multiple myeloma it 
may or may not be assodated with an increase in 
serum proteins. In most of the reported cases 
serum proteins are not recorded. The literature 
}-ields twenty- three instances of h}*percalcemia in 
multiple myeloma where serum protdns were 
simultaneously determined. In fourteen of these, 
h}*perprotdnemia was obseiwed (19, 22, 24, 27, 
28, 33, 37) in four h}*poproteinemia obtained (10, 
13, 18, 19) and in five the total serum protdns 
were normal (10, 19, 23, 29, 39). Only four 
reports of the condition of the parath}'roid glands 
at autopsy have been found in a series of over 
thirty case reports of multiple myeloma with hy- 
percalcemia. Three of these (14, 24, 33) spedfy 
that the parath}'roid glands vrere normal. The 
finding of 3 moderately enlarged glands in the 
case presented by Bulger et al. (13) is unique. 

In view of the high concentration of proteins 
in the serum of Case 1 of the present report it 
is reasonable to assume that part of the total in- 
crease in the serum caldum was due to an increase 
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in the protein bound fraction. Herbert’s (22) 
filtration studies with serum containing compara- 
bly elevated concentrations of protein and cal- 
cium (Patient A Ho) indicate that both diffusible 
and non-diffusible fractions of the serum calcium 
share in the total increase. In Case 3 the termi- 
nal elevation of serum calcium was not accom- 
panied by any increase in the serum proteins; 
nevertheless both protein-bound and filtrable cal- 
cium were increased proportionately. When the 
serum contained 17.7 mgm. of calcium per 100 
cc., 55 per cent of the total was ultrafiltrable, a 
figure which is consistent with the figures for per- 
centage of diffusible calcium in normal sera under 
similar experimental conditions. 

The mechanism of this elevation of serum cal- 
cium is quite unexplained. Comparable eleva- 
tions of serum calcium are occasionally observed 
in cases of metastatic neoplasm involving bone. 
Five such cases have been studied in the New 
Haven Hospital in recent years; the serum pro- 
teins varied from 7.6 to 5.3 grams per cent and 
the serum calcium from 18.5 to 11.6 mgm. per 
cent, the lowest calcium concentrations occurring 
in the patients with the lowest serum proteins. 
Gutman (19) found serum calcium values greater 
than 11.0 mgm, per cent in 5 out of 26 cases. 
Mason and Warren (31) reported a case of me- 
tastatic breast cancer with persistent hypercal- 
cemia varying between 17.6 and 12.9 mgm. per 
cent. The excretion of calcium on a low calcium 
diet was quite within normal limits. In their case 
a tumor in the neck, thought to be a parathyroid 
adenoma, proved to be a metastatic nodule from 
the mammary carcinoma. 

There is apparently no correlation between the 
excessive calcium excretion in the urine and the 
concentrations of calcium in the sera. The same 
lack of relationship is obvious in the case (Case 
3) reported by Bulger et al (13). It would 
seem that the excretion of calcium by the kidneys 
depends on other factors besides the concentration 
of total calcium in the serum. The economy ef- 
fected by the ingestion of phosphate without any 
change in the serum pattern is of especial signifi- 
cance in connection with theories which relate the 
effects of phosphate administration to the dis- 
turbed metabolism of hyperparathyroidism. Al- 
bright, Bauer, Claflin and Cockrill (2) studying 
the effects of phosphate ingestion in patients with 


hypercalcemia, hypophosphatemia and excessive 
urinary excretion of both calcium and phos- 
phorus “ ascribed the diminution of calcinuria in 
the first two cases to the lower concentration of 
calcium in serum which allegedly resulted from 
the increased concentration of phosphorus. The 
findings in their third case were at variance with 
the concept of calcium as a threshold substance. 
During the first period of phosphate administra- 
tion to Case 1 of Bulger et al. (13) the data ac- 
cord with Albright’s observations in his first two 
cases; but in subsequent periods of phosphate 
feeding, calcinuria diminished while serum cal- 
cium gradually increased and serum phosphorus 
dropped. The studies of Bulger's Case 3 present 
further evidence that administration of phosphate 
may affect calcemia and calcinuria quite indepen- 
dently. The mechanism whereby phosphate in- 
gestion alters the urinary excretion of calcium is 
not clear, but certainly any hypothesis which re- 
lates the changes to alterations in the serum pat- 
tern fails to account for all the observed facts. 

Knowledge regarding the 'physicochemical 
state of calcium in serum and the factors con- 
trolling its excretion is still fragmentary. That 
the parathyroid hormone plays a significant part 
in the regulation of calcium metabolism is clearly 
established. The significant question would seem 
to be whether forces other than an excess of para- 
thyroid hormone can cause similar alterations in 
the metabolic functions. The three cases of mye- 
loma and one of Paget’s disease presented in this 
report constitute evidence that hypercalcemia and 
hypercalcinuria may occur in patients with normal 
parathyroid glands. While ” secondary hyper- 
parathyroidism ” offers an attractive explanation 
for the hypercalcemia and hypercalcinuria in the 
rare and exceptional case in which hyperplasia of 
parathyroid tissue is observed (25) it seems im- 
probable in cases where careful study reveals no 
anatomic evidence of hyperactivity. Granting all 
the imperfections in the present knowledge con- 
cerning the correlation of anatomic change and 
metabolic function, at least skepticism is justified 


- Parathyroid tumors were subsequently removed from 
the first two patients (Mr. C. M. and Mrs. N. B-)i 
Cases 6 and 4; but the 3d patient, Mrs. M. D., is not 
included in the review of seventeen cases seen at Massa- 
chusetts General Hospital (1). 
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when hyperfunction is ascribed to glands which 
are grossly and microscopically normal. 

SUMMARY AND CONCLUSIONS 

Studies in three cases of multiple myeloma and 
one of Paget’s disease exhibiting the alleged meta- 
bolic criteria of hyperparathyroidism are pre- 
sented. The parathyroid glands in each case 
were normal. The excretion of calcium in the 
urine could not be correlated with its concentra- 
tion in serum. Ingestion of phosphate dimin- 
ished calcinuria without changing the chemical 
pattern of the serum. 
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APPENDIX 

Protocols of Cases 

Cass 1, J. B., a man of 60, was admitted to the New 
Haven Hospital July 18, 1930. In 1927 he had developed 
extreme weakness, anorexia and loss of weight which 
had lasted about a year. The relation of this to the con- 
dition for which he was finally admitted was not clear. 
In 1928 he had experienced nagging pain in the lower 
abdomen, and tarry stools. In June 1929 he became 
aware of increasing pains in the chest and back, weak- 
ness and loss of weight. The following October a num- 
ber of teeth were extracted with subsequent intractable 
hemorrhage. In another hospital he was found to have a 
severe anemia with a high color index. Emaciation and 
dehydration were noted and there was tenderness over 
the costal cartilages and the rib margins and evident col- 
lapse of one vertebra. X-ray revealed marked decalci- 
fication of the lumbar vertebrae, while the skull, left fe- 
mur and right forearm appeared normal. During De- 
cember, pains in the back and ribs became more severe 
and extreme sacro-iliac pain developed. The patient sur- 
vived an intercurrent pneumonia. The anemia did not 
improve in spite of intensive liver therapy. A course of 
parathyroid extract distinctly aggravated his symptoms. 

On admission to the New Haven Hospital in July 
1930, he was greatly emaciated and extremely weak. 
The blood pressure was 120/80. There was evident 
shortening and flattening of the lumbar spine and a se- 
vere anemia. X-ray showed decalcification of all the 
vertebrae and, to a lesser extent, of the ribs and pelvis, 
with slight rarefaction of the femora and skull, but 
none of the tibiae and fibulae. Three vertebrae had col- 
lapsed. The hemogram was typical of myelophthisic 
anemia. The urine contained a faint trace of albumin 
and frequent white blood cells and hyaline casts. Re- 
peated tests for Bence-Jones protein in the urine were 
negative. 

His general condition was desperate, feeding extremely 
difficult and he deteriorated with great rapidity, August 
4th he had the first of a series of fractures of the ribs 
with steadily increasing deformity of the chest. January 
21 he climbed out of bed in delirium and snapped his 
right femur. X-rays revealed increasing rarefaction of 
all bones, including the skull. During the last few days 


of January, the patient became increasingly irrational, 
and incontinent of feces and urine. His blood pressure 
dropped to 100/70 before death which occurred Febru- 
ary 3, 1931. 

Autopsy. The neck and mediastinum were carefully 
searched for parathyroid tumor. All four of the small 
parathyroid glands which were removed showed normal 
microscopical structure. 

Anatomical diagnosis. Diffuse myeloma involving the 
bone marrow of the vertebral bodies, ribs, sternum and 
femurs, with erosion of the bone cortex and metastases 
to lymph nodes, spleen, liver and kidney; anemia; emaci- 
ation; diffuse pneumonia (right lower); pulmonary ar- 
teritis with thrombosis; vegetative mitral endocarditis. 

Case 2, A. C, a man of 52, was admitted to the New 
Haven Hospital December 7, 1933. Four months earlier 
he had begun to suffer from pain in the back and a 
month later bad developed pains and tenderness in the 
ribs, accompanied by weakness and loss of weight. 

On admission he appeared weak and emaciated. There 
was irregularity in the vertebral alignment, with tender- 
ness over the spine and ribs. Several fusiform swellings 
were palpable in the ribs and a firm slightly tender mass 
was felt in the inferior portion of the right scapula. 
X-ray revealed rather general decalcification of the bones 
with widening of the medullary cavities and in addition 
focal areas of more intense rarefaction in many of the 
long bones, and collapse of at least one vertebra. The 
blood picture indicated a myelophthisic anemia. The 
urine contained large amounts of Bence-Jones protein 
(12 to 20 grams per day) without albumin. Biopsy of 
a rib confirmed the diagnosis of diffuse myelomatosis. 

In the hope of checking or reversing the process of 
decalcification a parathyroidectomy was performed on 
January 5 by Doctor Samuel Harvey. Extensive searcli 
revealed three small parathyroid glands which were re- 
moved. No parathyroid tumor was found. The micro- 
scopic structure of the extirpated parathyroids was nor- 
mal. The patient developed pneumonia and died three 
days after operation. Permission for autopsy could not 
be obtained. The serum calcium just before death was 
found to be normal. 

Case 3, F. A., a man of 34, was admitted to the New 
Haven Hospital April 16, 1934. Six months earlier he 
had developed pain in his back after a slight wrench. 
This had gradually and steadily increased in intensity 
and extent until it involved the whole back and the ribs. 
X-ray on March 29 had revealed collapse of three lum- 
bar vertebrae with decalcification of the spine, irregular 
decalcification of the pelvis and ribs, but nothing abnor- 
mal in the skull. 

On admission his nutrition was fairly good but muscu- 
lar weakness was evident and movements were guarde 
because of pain in the back. There was tenderness over 
the ribs and the lower dorsal and the lumbar spines. 
There was a moderate hyperchromic anemia and, as the 
condition progressed, increasing numbers of myeloc>tes 
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were found in the spread. The urine contained neither 
albumin nor Bence-Jones protein, and the formed ele- 
ments of the sediment remained consistently normal. A 
biopsy of rib on •'\pril 17 confirmed the diagnosis of mye- 
loma. The abnormal cells were identified as endothelial 
in type. 

The patient deteriorated steadily, developing fractures 
of many ribs and of the pelvis and increasing deformi- 
ties until his death which occurred on June 22, 1934. 

At autopsy the neck and mediastinum were carefully 
dissected, but no parathyroid tumor was discovered. 
;The microscopic structure of the small parathjToid 
glands which were found was normal. 

Case 4, W. C, a man of 64, was admitted 'to the New 
Haven Hospital December 19, 1932. For six or seven 
years he had suffered from pains in the back which were 
called lumbago. In August of 1932 he had had a more 
severe attack which had persisted, increasing in severity, 
until his admission, bj' which time he was confined almost 
entirely to a chair because of inability to stand upright or 
to lie down. The pains had radiated down the right sci- 
atic nerve and had later involved the left leg. Shortly 
before admission he had noticed tender lumps on his 
head and pain in the right shoulder. Severe headaches 
had become a prominent symptom. 

On admission his chief complaints were headache, pain 
about the right orbit, pain across the buttocks, down the 
legs and boring into the shins, and urinary troubles which 
he referred to an old stricture. He was markedly emaci- 
ated. There was tenderness over the spine and striking 
atrophy of the muscles of the legs. Numerous tender 
lumps were present over the skull and one on the left 
clavicle. 

X-rays revealed the characteristic lesions of Paget’s 


disease in the spine, pelris and femora. There was more 
than the usual rarefaction with patchy increases of den- 
sity. There was moderate secondary anemia; no myelo- 
cytes were seen in the spreads. The urine contained al- 
bumin but no Bence-Jones protein. 

The lumps in the slmll increased steadily in size and 
new ones appeared over other bones. A tumor mass 
growing in the right orbit gradually extruded the eye 
from its socket In the latter part of January he devel- 
oped paralysis of both lower extremities and of the 
sphincters and soon after this signs of cranial nerve le- 
sions appeared, presumablj' from the tumors of the sIrulL 
On February 8 pathological fracture of the right femur 
occurred. X-ray revealed that there was almost com- 
plete decaldfication of the cortex of the upper half of 
the femur, the shadow cast being more like soft tissue 
than bone. Deterioration was rapid and death occurred 
on March 8, 1933. 

Autopsy. Careful dissection of the neck and mediasti- 
num disclosed parathyroid glands of normal size which 
on section proved to have normal microscopic structure. 
No parathyroid tumor was found. 

Anatomical diagnosis. A. Nodular thickening, thin- 
ning and decalcification of bones of skull, femurs, tibiae, 
clavicles, sternirm, ribs, sczpulze, vertebrae and pelvis; 
a nodule in orbital plate with compression of the ocular 
bulb; bone nodules of pleura (left lower lobe) ; compres- 
sion of spinal cord (5th thoracic vertebra) ; transverse 
myelitis ; recent operation (suprapubic cystotomy) ; frac- 
ture of right femur; exophthalmos (right); splenom^- 
aly. B. Generalized arteriosclerosis with especial in- 
volvement of coronary arteries; hj-drothorax, hydro- 
pericardium. 

Subsidiary: Fibrous pleural adhesions (bilateral); 
emphysema (bilateral). Oirn'cally — ^Paget’s disease. 
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Paul and Bunnell (1932) observed very high 
concentrations of agglutinins and hemolysins for 
sheep cells in the sera of patients during the acute 
stages of infectious mononucleosis, and this ob- 
servation v^^as found by these investigators to be 
of much value in the diagnosis of the disease. 
This finding has been confirmed and extended by 
Rosenthal and Wenkebach (1933), Boveri 
(1933), Bunnell (1933) and Bernstein (1934). 
In addition to the practical application in diag- 
nosis, theoretical interest centers about the fact 
that antibodies for sheep cells are produced or 
enhanced in a disease of unknown etiology. Paul 
and Bunnell offered two explanations for their 
findings ; ( 1 ) that the unknown agent responsible 
for infectious mononucleosis contains the hetero- 
phile or Forssman antigen; (2) that they were 
dealing with an example of isoagglutinin produc- 
tion elicited by abnormal cells, which are present 
either in the blood, or elsewhere, during active 
stages of the disease. 

In studies of infectious mononucleosis by dif- 
ferent investigators, a probable bacterial origin 
has often been suggested, with special mention of 
the streptococcus group, diphtheroid bacilli, and 
Vincent’s organisms, all of which have been found 
in nose, mouth or throat lesions during the dis- 
ease. Nyfeldt (1929) has reported the isolation 
of a small V-shaped or curved gram positive or- 
ganism from the blood, which he called Bacterium 
monocytogenes Jiominis, and with which he pro- 
duced the cellular blood picture of infectious mon- 
onucleosis in rabbits. Agglutination of this or- 
ganism in 1 to 250 dilution by the serum of the 
patient was observed, but only five days after the 
temperature had become normal. Gorham, Smith 
and Hunt (1929) claimed to have produced the 
typical blood picture of the disease in guinea pigs 
by inoculation of membrane from the pharynx of 


a severe case of Vincent’s angina, while persons 
in contact with the experimental animals devel- 
oped infectious mononucleosis. According to 
these investigators, heat-killed Vincent’s spiro- 
chaetes also produced the blood picture in guinea 
pigs with subsequent immunity. The results 
mentioned above as to the etiology of infectious 
mononucleosis have not been confirmed. 

The more recent studies on the antibody re- 
sponse in infectious mononucleosis seemed to us 
to offer a new angle of approach to the possible 
determination of the etiological agent and to an 
analysis of the properties of the blood serum in 
this disease. All the authors who have reported 
on the antibody response have used the terms 
heterophile or Forssman antibody in describing 
the sheep cells agglutinin and hemolysin in the 
sera of patients with infectious mononucleosis, 
on the assumption that the immune bodies are 
true Forssman antibodies merely because of their 
action on sheep cells. No results are recorded 
concerning absorption or other tests with various 
heterophile and non-heterophile antigens, such as 
guinea pig tissues and ox red cells respectively. 
In studies on the immunological properties and re- 
lationships of pneumococci and other organisms 
by Bailey and Shorb (1931, 1933a and b) and by 
Shorb and Bailey (1934), the observations by 
these workers and many others on the heterophile 
and non-heterophile antigens of various animal 
and bacterial species have been summarized. The 
results are given below. 

Common or similar properties are often found in the 
normal and immune sera of man and many animal spe- 
cies and in the so-called heterogenetic antigens in certain 
animals and bacteria. The heterogenetic antigen most 
extensively studied was first observed by Forssman 
( 1911 ) who found a substance in emulsions of the tis- 
sues of the guinea pig, cat and horse but not in the ox 
and rat, which stimulated in rabbits an hemolysin for 
sheep red corpuscles. The terms “ heterologous, het 
erogenetic,” and “Forssman” have often been used m 
referring to these substances which have an antigenic 


1 Supported in part by a grant-in-aid from the Na- 
tional Research Council. 
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factor in common with sheep red cells. It is known, how- 
ever, that sheep red cells contain at least two and prob- 
ably more distinct antigens; one of them in common 
OTth ox red cells is thermolabile and gives rise to a 
species or group specific hemolysin in rabbits, the other 
resists boiling, and stimulates in rabbits an hemolysin 
which is not species or group specific. To the former 
Friedemann (1917) applied the term “ isophile ’’ and to 
the latter the name “ heterophile ” (i.e., having an afiSnity 
for the receptors of other and phylogenetically unrelated 
species). These terms are better chosen since they can 
be applied both to the antigen and antibody while the 
term heterogenetic refers only to the ability of the anti- 
gen to engender antibodies for such unrelated species. 

A large number of animals and bacteria possess chemi- 
cal and immunological properties practically indistin- 
guishable from the thermostable substance found in 
sheep red cells. The animals having heterophile antigen 
in their tissues or blood are said to belong to the “guinea 
pig type” and those not having it are classed as the 
“ rabbit tj'pe.” Alcoholic e.xtracts of heterophile antigens 
are capable of inhibiting in vitro the action of heterophile 
hemolysins when mixed with them, of fixing complement 
in their presence and of precipitating these antibodies; 
but such extracts act only in this way as “ haptens ” be- 
cause they are incapable of stimulating the production 
of hemolysin in vivo unless combined with a protein or 
other suitable colloid. Furthermore, heterophile antibod- 
ies can be removed from solution by absorption with 
heterophile antigens ; they generally have the property of 
primary toxicity for the guinea pig; and in many cases 
they will agglutinate as well as hemolyze sheep red blood 
cells, although the ratio of hemolysins and agglutinins 
may vary greatly. Heterophile antibodies can be pro- 
duced only in animals of the rabbit tj'pe, while isophile 
antibodies can be produced in both the rabbit and guinea 
pig types. 

It is well known that an immune serum from the rab- 
bit, obtained by injecting ox red corpuscles, contains a 
certain amotmt of hemolysin for the sheep’s red cor- 
puscles as well as for those of the ox; the same is true 
for both species of cells if sheep red cells are injected 
instead of ox cells. These hemolysins are engendered by 
the thermolabile isophile or group antigens of these zoo- 
logically related species. It is known too that ox red 
cells also possess a thermostable substance which has, 
however, entirely different antigenic properties from the 
ordinary thermostable Forssman component of sheep red 
cells. Whether ox cells and sheep cells have identical 
or similar thermostable factors in common has not been 
determined. It has been shown by Landsteiner and van 
der Scheer (1925) by means of the flocculation reaction, 
that similar substances or common factors exist even in 
the blood of many distantly related species, which can 
be extracted from the blood with alcohol. It was further 
shown that in some instances an immune senun may not 
be markedly hemolytic for a certain blood and still con- 
tain an antibody active upon a fraction thereof, as in the 
case of the flocculation of anti-horse sera by rat blood 


extracts. Such reactions are not true heterophile reac- 
tions of the Forssman type, but they are heterogenetic 
in the broadest sense of this term. 

The blood of human beings and rabbits normally con- 
tains heterophile (Forssman) hemolysin of low titer for 
the red corpuscles of the sheep, but no isophile hemolysin 
is found naturally in the serum of either of these spedes. 
In human beings with certain clinical conditions anti- 
bodies for sheep red cells have been shown to be greatly 
increased in amounts and to be of definite value in diag- 
nosis. Thus, Davidsohn (1929, 1930) has demonstrated 
a marked rise in the titers of lysins and agglutinins for 
sheep red cells (and a sh’ght increase for the red cells of 
the ox, guinea pig and rabbit) in the sera of patients who 
had been injected with horse serum, and that the average 
titers for these antibodies were very much higher among 
those patients who subsequently developed serum siclr- 
ness than among those who did not develop allergic 
symptoms. Since horse serum contains some heterophile 
antigen it was to be expected that the antibodies for 
sheep cells were mostly of the Forssman tj'pe. This was 
shown to be the case by Ramsdell and Davidsohn (1930) 
and Davidsohn and Ramsdell (1929, 1930) by means of 
absorption tests tvith known heterophile antigens, such as 
guinea pig tissues, and by the increased primary toxidtj' 
of the sera for this am'mal. Similar results were found 
by Bailey and Shorb (1931) who noted an increase in the 
hemolytic titers of the sera of patients who were recov- 
ering from lobar pneumonia, a disease caused by the 
pneumococcus, all types of which were shown by them to 
contain the Forssman antigen. 

With these observations in mind we have made 
the present study with the object of determining 
more definitely the serological properties and rela- 
tionships of the hemolytic and agglutinative anti- 
bodies in infectious mononucleosis. The results 
of this study comprise the present report. 

METHODS 

Serum titrations. The sera were titrated boffi for ag- 
glutination and hemolysis of the various cells used. In 
the agglutination tests, 1,0 cc. of the various dilutions of 
inactivated serum plus 0.5 cc. of a two per cent suspen- 
sion of washed erythrocytes were used in each tube. 
This was incubated in the water bath at 37j° C. for one 
hour, placed in the icebox over night, and then read for 
macroscopic agglutination. The highest dilutions show- 
ing a complete (4-1-) and a definite (-h) positive reac- 
tion were recorded. Tubes showing — agglutination 
were not regarded as significanL 

Hemolytic titrations were carried out in two nays. In 
the absorption method, the same sets which had been read 
for agglutinins were used. After recording these values, 
the supernatant sera were drawn off the cells and 1.0 cc. 
of isotonic saline was added to each tube, followed by 
02 cc. of pooled fresh guinea pig serum diluted 1 to 10, 
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The racks were well shaken, incubated for one hour at 
37.5° C. in the water bath, and read for hemolysis. The 
second method was the direct titration of the serum. To 
the dilutions of serum in 1.0 cc. volumes was added 0.5 
cc. of two per cent red cell suspension, followed by the 
same guinea pig complement. The tubes were shaken and 
incubated at 37.5° C. in the water bath for one hour. 
The absorption method was favored because it eliminated 
the possibility of anticomplementary action of the serum. 
Both methods were used as checks on each sample of 
serum. The titer of hemolysins was determined from the 
highest dilution of serum showing complete hemolysis. 
The last tube showing definite (+) lysis was also re- 
corded. 

It is to be noted that in these tests 1.0 cc. of serum di- 
lution was used in each tube, so that the titers recorded 
indicate the number of units of agglutinin or hemolysin 
per cubic centimeter of the original undiluted serum. 
Attention is brought to this because previous authors 
(Paul and Bunnell (1932), Bunnell (1933), Boveri 
(1933), Bernstein (1934)) who have reported on infec- 
tious mononucleosis have followed the technic of David- 
sohn (1929), in which 0.5 cc. of each serum dilution was 
used. For purposes of comparison the titers indicated in 
this paper are therefore actually double those which 
would be recorded by Davidsohn's method. 

Absorption tests. These tests were carried out with a 
variety of heterophile and other antigens. The method 
used was essentially that employed by Bailey and Shorb 
(1931, 1933b), and is briefly as follows: 

The serum to be absorbed was diluted so that 1.0 cc. 
contained a convenient number of units of antibody, usu- 
ally forty or eighty. About 0.2 to 0.4 cc. of the finely 
divided absorbing antigen was packed by rapid centrifu- 
galization and the supernatant saline was carefully drawn 
off completely. To the wet absorbing antigen in the cen- 
trifuge tube, 1.0 cc. of the diluted serum was added, the 
two thoroughly mixed, and incubated in the water bath 
at 37.5° C. for two hours. The mixture was then centri- 
fuged at high speed for a few minutes and 0.5 cc. of the 
supernatant fluid was drawn off and diluted in a series of 
serological tubes. One unit of the red cells against which 
the serum was to be titrated was added to each tube and 
the incubation again carried out at 37.5° C. for one hour. 
The set was then placed in the icebox over night, and the 
next morning was read for agglutinins. The supernatant 
fluids were now pipetted off and 1.0 cc. of salt solution 
was added to each tube for resuspension of the cells. 
Complement was added and the tubes were again incu- 
bated at 37.5° C. for one hour and then read for hemoly- 
sis. Control series in which the sera were not absorbed, 
but were otherwise treated similarly to the absorbed sam- 
ples, were always run for comparison. In determining 
the extent of absorption of agglutinins or hemolysins, the 
test sets were compared with the controls. 

The number of units of antibody used in each test 
varied between 40 and 160, though 40 or 80 units were 
used in most instances. Because of this variation, how- 
ever, absorption values in the tables are given in terms 


of per cent of total antibodies absorbed, rather than as 
absolute figures. 

The absorbing antigens used were either tissues, bac- 
teria or erythrocytes. The tissues were finely ground, 
and 0.2 to 0.4 cc. of the packed material was used for 
each test, depending on the number of units of antibody 
to be absorbed. The bacteria were grown in 0.5 per cent 
glucose beef infusion broth (with vaseline seals for the 
anaerobes) for as long a period as necessary to obtain a 
heavy growth, usually 24 hours. The packed bacteria of 
50 or 100 cc. of broth culture were used in each test, de- 
pending on the units of antibody to be absorbed. The 
erythrocytes were used in the ratio of 10 units of packed 
cells for each 40 units of antibody to be absorbed. 
Bailey and Shorb (1933b) have shown that 10 units of 
boiled sheep red cells may remove from 760 to 930 units 
of hemolysin from heterophile rabbit sera. The details 
of treatment of the antigens (heating, etc.) are indicated 
in the absorption tables. 

Neutralization tests. Tests were carried out with salt 
solution emulsions of alcoholic extracts of various tis- 
sues and bacterial and blood cells. It is well known that 
such emulsions of the lipoids of heterophile antigens com- 
bine with the corresponding antibody. The extracts were 
employed in order to determine the possibility of their 
interference with the sensitization of the red cells by the 
infectious mononucleosis antibodies. The preparation of 
the extracts is described by Bailey and Shorb (1933a and 
b). The alcoholic emulsions were made by the slow 
addition, with shaking, of 4.5 cc. of saline to 0.5 cc. of 
extract. Fairly opalescent emulsions were obtained in 
this manner. All the extracts of Forssman antigens used 
here have been repeatedly tested for their ability to neu- 
tralize heterophile hemolysins and found effective. These 
tests were carried out in essentially the same manner as 
the absorption tests. Serial dilutions of the serum were 
put in serological tubes, 0.5 cc. of lipoid emulsion was 
added to each tube, and the mixtures were incubated for 
two hours in the water bath at 37.5° C. One unit of red 
cells was then added to each tube. From this point on- 
ward the technic was the same as that used in the ab- 
sorption tests. 

CLINICAL ASPECTS OF CASES REPORTED 

This report deals primarily with the immuno- 
logical findings in three clinically and serologically 
definite cases of infectious mononucleosis. Evi- 
dence is offered which supports the conclusion 
that the antibodies in this disease are not hetero- 
phile or Forssman immune bodies, a fact which 
may be of value in the diagnosis of this condition 
as well as in the explanation of certain phenomena 
which occur in the disease. The clinical data m 
these cases are given below and the temperature 
curves and blood pictures are illustrated in Fig- 
ures 1, 2 and 3. 
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Case 1.- F. C, a white, male, medical student, aged 
22 years, was admitted to The Johns Hopkins Hospital 
on November 28, 1933, complaining of malaise and severe 
headache of three days duration. The temperature on 
admission was 101.5° F. 

Examination at the time of admission showed nothing 
striking. iThere was no gingivitis. A vestigial remnant 
of tonsil on the right side was moderately hj-peremic, as 
was the pharj-nx. There was a leukopenia at this time, 
the white cell count being 3,250. The differential count 
was normal, however, nor were any cellular abnormali- 
ties noted. Within the next week, changes occurred 
which pointed to the correct diagnosis. There was occa- 


completely recovered and was discharged from the hos- 
pital. 

Blood culture ^\•as negative on the third day of hos- 
pitalization. On the fifth day a culture of the throat re- 
vealed Staph, aureus and albus, and an alpha hemolytic 
streptococcus. 

The blood serum on the fifth day agglutinated B. ty- 
phosus, B. paratyphosus B and B. suipestifer / all in 
dilutions of 1 to 160. It should be noted that the patient 
had received tjphoid vaccine in 1927. iThree days later 
the bacterial agglutinations v.'ere: B. typhosus, 1 to 80; 
B. paratyphosus A, 1 to 20 ; and B. paratyphosus B, 1 to 
320. 



Ee MONOCYTES 


; PATHOLOGfCAL LYMPHOCYTES 




Fig. 1. Case I. Infectious Mononucixosis. 


LyMPHOCyTES(S.&L) 


sional nausea, and on one occasion, spontaneous epistaxis. 
The throat was injected but only slightly sore. The 
cervical glands and the spleen became definitely palpable. 
At this time the abnormal lymphocytes characteristic of 
infectious mononucleosis first appeared, and the serum 
on December 4 agglutinated sheep erythrocytes in 1 to 
64 dilution. Symptoms continued for 10 days longer. 
The temperature course and blood findings are shown in 
Figure 1. On the twenty-second day the patient had 


" The authors are indebted to Dr. Alan Bernstein of 
The Johns Hopldns Hospital for clinical data and blood 
samples from this patient. The case was reported as 
Case 14 in the series presented by Dr. Bernstein in his 
paper, “ Antibody Responses in Infectious Mononucle- 
osis,” J. Clin. Invest.. 1934, X3, 419-435. 


Agglutination of sheep erythrocytes occurred in 1 to 
64 dilution when first tested for on the sixth day after 
admission, the same day on which the characteristic 
symptoms and pathological blood cells of the disease were 
first noted. Two days later the agglutinins had risen to 
1 to 256, and six days after this they reacted in a dilu- 
tion of 1 to 4,096. 

For experimental purposes, asepticallj- collected 
blood and nose and throat swabs were obtained on 
December 13, fifteen days after admission, at a 
time when the patient had a rather severe sore 
throat 

The serum was separated from the clot, the lat- 
ter was macerated in a sterile mortar, broth was 
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added as a diluent, and it was inoculated into agar 
and rabbit blood broth tubes, as well as into a rab- 
bit, a guinea pig, a rat, and a mouse. The tubes 
remained sterile, nor did any of the animals show 
any indication of an infectious process. 

Culture of the nose and throat swabs revealed 
Staph, albus, and alpha and gamma hemolytic 
streptococci. Part of the nose and throat swab 
broth washings were injected intraperitoneally 
into a rabbit, guinea pig, rat and mouse. No 
visible reactions occurred in the first three ani- 
mals, but the mouse died within 96 hours. Gram 
positive diplococci and short chains were found 
in pure form in smears from the heart blood and 
peritoneal and thoracic cavities. These were iso- 


Case 2. ■ N. H., a white, male, graduate student, aged 
22 years, was seen on July 11, 1934, at which time the 
complaint included a severe soreness of the throat and 
gums and general adenopathy. During the preceding two 
weeks the patient had noted a fatigued feeling and fre- 
quent headaches on arising in the morning, which grad- 
ually subsided during the course of the day. Five days 
before, the soreness of the throat and gums had set in, 
and at this time enlargement of the cervical glands in the 
anterior triangle on the right side was first noticed by the 
patient. These symptoms had become progressively more 
severe to the time of examination. 

At the time the patient was first seen, the temperature 
was 100° F. The right anterior cervical and right ingui- 
nal glands were enlarged and tender, and the axillary 
nodes also were slightly palpable. The spleen and liver 
could not be felt. The soft palate was congested and 
bore an area of ulceration about one centimeter in diame- 



lated on rabbit blood agar and proved to be 
gamma streptococci. 

Nose and throat cultures were again made on 
the day of discharge from the hospital, when the 
patient had completely recovered from symptoms. 
At this time only a hemolytic staphylococcus {al- 
bus) was recovered. 

All the organisms thus isolated were used for 
attempted absorption of antibodies from the pa- 
tient’s serum, in an effort to establish a possible 
etiological relationship to the disease. The re- 
sults of these tests are given in a subsequent 

section. 

The second case showing the clinical and sero- 
loo-ical features of the disease is reported below. 


ter which was covered with a white diphtheritic mem- 
brane. A culture of this was negative for B. diphthenae. 
The total leukocyte count at this time was normal and 
remained within normal limits during the subsequent 
course of the illness. The differential, however, showed 
72 per cent lymphocytes, of which 41 per cent were the 
pathological forms typical of infectious mononucleosis. 
The temperature course and additional leukocyte studies 
are shown in Figure 2. Agglutination of sheep cells in 
a dilution of 1 to 1,024 with serum obtained on July 13 
confirmed the diagnosis. 

Subsidence of symptoms and recession of the lymph 
glands began after six days, though a “weak” feeling o 
the gums continued. These were not markedly inflamed, 
but on the right side they showed the beginning of an 
ulcerative stomatitis which was found to harbor a pro u 
sion of spirochaetes and fusiform bacilli. Within a 
this had developed into a severe Vincent’s angina. T is 
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}4eldcd to specific treatment, whereupon complete recov- 
er}- ensued. 

Bacterial agglutinations with serum collected on July 
18 were negative in dilutions of 1 to 20 with B. typhosus, 
B. paralyphosus A, B. paratyphosus B, B. suipcstifer, B. 
abortus, and B. protcus X 19, but a test with B. mditen- 
sis was positive in 1 to SO dilution. 

Sue days after the patient was first seen, a swab of 
the soft palate on and around the membrane showed 
Staph, albus and a gamma streptococcus. These were 
used for absorption of the serum, as reported further on. 

It is of interest tliat this patient was kept at 
home during the entire course of his illness, with 
no precautionary- measures as to contact with 
other members of the family. Several of these 
were w-ithin the age range for infectious mono- 
nucleosis (between 18 and 25 years), yet no con- 
tagiousness nor infectiousness by ordinary- con- 
tacts was apparent. Gorham, Smith and Hunt 
(1929) have reported transmission of the disease 
between experimental animals and laboratory 
workers in contact with them, as well as between 
human beings. 

The course of the third case is presented below. 

Case 3.^ F. W,, a white, female, nurse, aged 36 years, 
was admitted to the Sinai Hospital on September 18, 
1934, complaining of pain in the back on both sides, en- 
larged glands, sore throat, and very severe headache. 

Eight days before admission, the patient suffered se- 
vere pains in the right and lower regions of the back. 
The pain was intermittent and radiated toward the um- 
bilicus, but not to the right shoulder or scapula. At this 
time, she noticed also that her cervical, axillar>- and in- 
guinal glands were enlarged and tender. Coincident with 
this there was a constant dull headache in the frontal and 
parietal areas. Four days later the pain in the lower 
back extended to the left side and this continued up to 
the day before admission. During this period the patient 
had been nauseated constantly and had noted that her 
stools were very light in color. She now became aware 
of the fact that her skin had assumed a light yellow 
tinge. At the same time she began to feel chilly and 
feverish. By the day of admission the jaundice had to 
s great extent subsided. 

The morning of the day before admission the patient 
vomited large white curds after drinking milk, and dur- 
ing the remainder of the day suffered a dull pain in the 
• epigastrium, which was no longer present at the time of 
examination. On the same day her throat became very- 
sore. 


The authors wish to express their thanks to Dr. L. F. 
E-nimrein and Dr. L. Katzenstein of the Sinai Hospital, 
Baltimore, for the clinical data and blood of this patienL 


On admission, the temperature was 101° F. There was 
an icteric tint to the sclerotics, the pharynx was granular, 
and the pillars inflamed. 'The cervical, axillary and in- 
guinal nodes were enlarged. The liver and spleen were 
not palpable. The icteric index was 50, and immediate 
biphasic van den Bergh reactions were obtained. The 
total leukocyte count at this time was 9,700, with 80 per 
cent lymphocytes, most of which were of the character- 
istically abnormal type. The subsequent temperature 
course and differential blood pictures are illustrated in 
Figure 3. 



Fig. 3. Case 3. IxTEcnotis JIoxoxucixosis. 
Legends as in Figure 1. 


.'Vfter four days, the symptoms diminished in severity, 
and the glandular enlargement became less pronounced. 
The sclerotics were still slightly icteric, but x-ray re- 
vealed no gallbladder pathology. On the fourteenth day 
the patient was discharged from the hospital. 

The Wassermann reaction on September 19 was nega- 
tive. On September 21 the serum agglutinated sheep 
erythrocytes through a dilution of 1 to 512, which was 
the lowest concentration of serum tested. The next day 
definite agglutination of these cells was found in 1 to 
4,096. 

Throat culture on admission revealed a hemolytic 
staphylococcus. A blood culture made the next day was 
negative. 

On September 22, at the time when the acute 
sj-mptoms had begun to subside, blood was ob- 
tained aseptically and defibrinated. Within 30 
minutes of collection, the whole blood was trans- 
ferred to the following media : ( 1 ) patient’s blood 
incorporated in beef infusion agar, (2) patient’s 
blood in beef infusion broth, (3) normal human 
eiy-throcj-te beef infusion agar, (4) normal hu- 
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man erythrocytes in small amount of normal 
plasma, (5) rabbit blood beef infusion agar, (6) 
rabbit blood beef infusion broth, (7) chocolate 
rabbit blood beef infusion agar, (8) ox spleen in- 
fusion broth, (9) ox lung infusion broth (with 
and without glucose, both aerobic and anaerobic), 
(10) ox brain infusion broth (with and without 
glucose, both aerobic and anaerobic), (11) ox 
liver infusion broth, and (12) sheep hemoglobin 
infusion agar. 

After prolonged incubation at 37.5° C., no 
growth was found in these tubes by staining meth- 
ods, though certain of them were suggestively tur- 
bid. The cbntents of the turbid tubes, together 
with a small amount of the patient’s defibrinated 
blood, were injected intravenously . into rabbits. 
These developed hemolysins for sheep cells in 
titers as high as 1 to 1,660 on the seventh day 
after the last injection. Further studies on this 
point are now being carried on, the results of 
which will be reported in a later paper.^ 

Serology 

Titrations. In Table I are tabulated the titers 
of sera collected at intervals during the active 
stages of illness in the three cases described. In 
Cases 1 and 2, results obtained with serum col- 
lected some time after recovery are also shown. 
Titrations were carried out against sheep and ox 
red cells. 

The parallelism of agglutinin and hemolysin 
values for sheep erythrocytes in the sera obtained 
during the illness is striking in all instances ex- 
cept with the first sample in Case 2 where the end- 
point of hemolysis was considerably lower than 
that for agglutination. In Case 3 also the end- 
points are considerably separated, though the dif- 
ference here indicates a variation of only one tube 
in the series of serum dilutions. The values of 
complete agglutination and hemolysis in this in- 
stance are quite close. Paul and Bunnell have 
previously discussed the parallelism of the anti- 
bodies in this disease. 

In Case 2 the range of complete hemolysis of 
sheep cells is not higher than that which may be 
infrequently found in normal human sera, accord- 

4 “ Attempts at the E.xperimental Production of In- 
fectious Mononucleosis Antibodies in Rabbits.” (Un- 
published data.) 


TABLE I 


Agghifinins and hemolysins for sheep and ox red cells in 
the sera of cases of infectious mononucleosis* 


Serum collected 

Sheep red cells — 
titers 

Ox red cells — 
titers 

Agglu- 

tiains 

Hemo- 

lysins 

Agglutinins 

Hemo- 

lysins 

4-1- 


4-1- 

-1- 

4-1- 

-1- 

4-1- 

-1- 

Case 1— F. C. 









December 12, 1933. . 

500 

1,170 

500 

1,225 

0 

0 

1,280 

7,680 

December 19, 1933.. 

480 

1,920 

500 

1,625 

0 

0 

1,000 

2,830 

March 20, 1934t 

0 

0 

40 

84 

0 

20 

IS 

40 

Case 2— N. H. 









July 13, 1934 


1,024 

128 

400 

0 

0 



July 16. 1934 


500 

100 

500 

0 

0 

128 

1,250 

July 18. 1934 


350 

70 

230 

0 

0 

114 

1,000 

September 17, 1934t 


8 

8 

24 

0 

8 

8 

32 

Case 3— F. W. 









September 22, 1934.. 

512 

4,096 

384 

2,048 

32t 

1,0241 

1,536 

6,400 


* The agglutinin titers reported by previous authors 
(Paul and Bunnell, Boveri, Bunnell, Bernstein) were 
given in terms of the highest dilutions of serum showing 
definite (+ or ±) macroscopic agglutination. In this 
table complete and definite reactions are both recorded in 
order to better demonstrate the parallelism of agglutinins 
and hemolysins for sheep red cells. 

t Sera obtained some time after complete clinical re- 
covery. 

t Cells easily stirred up in all tubes — definite but loose 
agglutination. 

ing to the values given by Bailey and Shorb 
(1933b) and by Davidsohn (1929) who found 
titers between 128 and 256 ® in 2.1 per cent of 
379 persons tested. Normal agglutinins are much 
lower, however, for in a series of 450 normal 
adult human beings reported by Davidsohn 
(1930), 19 cases (4.2 per cent) showed aggluti- 
nins and the average titer of these antibodies was 
8 . 

As shown in the table, the hemolysins for ox 
erythrocytes were found to be quite high and 
present in greater concentration than the sheep 
cells hemolysins, though appreciable agglutination 
of these cells was found only with the serum of 
Case 3. Unlike the sheep cells agglutinated by 
sera from these cases, the ox cells were very 
easily shaken loose even in the tubes containing 
the greatest concentrations of serum. A compari- 
son with the titers found in a small series of nor- 

“ Values ” corrected ” to conform to our expression of 
titer as the units of antibody per cubic centimeter of se- 
rum. 
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mal sera is afforded by Table II. Eighteen of 
twentj* sera tested showed agglutinins, 10 being 
the average titer. Complete hemolysis in dilution 
of 1 to 4 or above was shown only by two sera, 
while definite hemolysis, found in nineteen cases, 
showed an average -4" titer of onlj’ 8. Davidsohn 
(1930) has reported a lower inddence of o.x cell 
agglutinins in normal sera than shown here. Ac- 
cording to this investigator they occurred in 25 
per cent of 55 persons. The average titer of 8 
which he found was of the same degree of magni- 
tude as reported in Table II. 


TABLE II 

Agglutinins and hemolysins for ox red cells in normal 
human sera 


Serum number 

Ox red c 

Agglutinins 

.ells — titers 

Hemolysins 

+ 

4-f- 


1 

8 

0 

10 

2 

0 

0 

10 

3 

0 

10 

20 

4 

8 

0 

2 

s 

32 

0 

24 

6 

8 

0 

6 

7 

16 

0 

2 

8 

16 

0 

8 

9 

16 

0 

8 

10 

4 

0 

6 

11 

8 

0 

2 

12 

8 

0 

2 

13 

4. 

0 

6 

14 

8 

4. 

12 

15 

8 

6 

4 

16 

8 

0 

4 

17 

8 

0 

4. 

18 

16 

0 

8 

19 

4 

0 

4. 

20 

4 

0 

6 

Average titer of positives 

10 

-l- 

8 


It is eddent then, that ox cell antibodies in the 
form of lysins are present in high concentration in 
infectious mononucleosis, and that these disappear 
wath recovery. The agglutinins are apparently 
increased only in certain cases, and to a limited 
extent. Thus, in one instance these were below 
the normal average value, as illustrated by the 
relative titers during and after illness in Case 2. 
An increase of ox cell antibody titer in human 
beings has been reported in but one circumstance 
of which we are aware ; following serum therapy. 
Davidsohn (1930) reported an increase of agglu- 
tinins for ox cells, among others, following injec- 


tions of horse serum, but this did not occur so 
regularly nor to such an extent as the increase of 
agglutinins for sheep cells. In most patients who 
did not have them before injection, they appeared 
after the onset of serum sickness. Deicher 
(1926) had previously found, in a series of pa- 
tients treated with horse and sheep serum, definite 
agglutinins for sheep and ox cells as well as a 
variety of other erythrocj-tes. Davidsohn (1929) 
considers that the increase of antibodies for cells 
other than those of the sheep may be due to a non- 
spedfic stimulation, since such immune bodies are 
already normally present in human serum. This 
author does not mention what titers were obtained 
wdth the ox cells, but his discussion leaves the im- 
pression that they were quite low. 

The presence of ox as well as sheep cell anti- 
bodies in this disease did not of itself, of course, 
indicate necessarily that the antibodies for sheep 
cells were not heterophile in nature. The possi- 
bilities were naturally considered that either the 
antibodies for the two types of cells coertist as 
responses to an etiological factor containing anti- 
genic components in common writh both tj'pes of 
erj-throcj-tes, or that one or the other, or both 
were the result of non-spedfic stimulation. This 
latter view seems hardly probable for reasons 
which will be discussed further on. A number of 
experiments given below demonstrate the true na- 
ture of the antibodies found in this disease. 

Absorption tests. The samples of serum of 
which the titers are recorded in Table I were used 
in all tests done. Table III illustrates the results 
of absorption tests carried out u-ith sera obtained 
during the courses of illness in the three cases. 
Only the more important or doubtful tests were 
repeated with the sera of Cases 2 and 3. For con- 
venience of discussion' the tests are separated into 
groups. 

In the first group of tests carried out, sheep and 
ox eiythrocj-tes were used for absorption. It is 
immediately eddent that the antibody can be ab- 
sorbed by either of these cells for themselves and 
each other. Since the antibodies against sheep 
cells are absorbed by ox cells, and ox cells do not 
contain heterophile antigen, it is apparent that 
these are not heterophile antibodies.® The anti- 


® After completion of this paper, a communication by 
Stuart, Burgess, Lawson and Wellman (Arch. Inf. ifed.. 
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bodies are a response to an antigenic component 
which these cells have in common. In the intro- 
duction a discussion has been given of the so- 
called isophile antigen, a thennolahile substance 
common to both sheep and ox erythrocytes. Here, 
however, it is seen that boiled and autoclaved cor- 
puscles of both species are as effective as the fresh 
cells in absorbing antibody. The conclusions 
which may be drawn from this are either (1) the 
antigenic component concerned in this case is not 
isophile but some unknown antigen common to ox 
and sheep cells which is heat stable, or (2) that 
heating destroys the antigenic power of isophile 
antigen so far as its ability to stimulate antibodies 
is concerned, but leaves a heat stable hapten which 
possesses the power to absorb such antibodies. 
We are not aware that work has been done to 
demonstrate the presence of such a hapten in the 
isophile antigen. In a later report we shall dis- 
cuss the results of attempts to establish the anti- 
genic relationship of the heated corpuscles of the 
two species to the isophile component of these 
cells. It may be stated here that the isophile anti- 
gen has been found to contain no thermostable 
hapten, and that it apparently bears no relation- 
ship to the heat stable component responsible for 
absorption of mononucleosis antibodies. 

It is interesting to note that the antigen in the 
ox erythrocytes is broader than that in the sheep 
cells, for the former removes antibodies against 
sheep cells to a greater degree than the sheep cells 
absorb ox hemolysins. In Cases 2 and 3 in par- 
ticular the sheep cells do not completely remove 
antibodies even against themselves; as a matter 
of fact, these agglutinins are removed better by 
the heterologous ox corpuscles. An explanation 
for this is difficult to conceive, unless it is that the 
sheep antigen-antibody combination is a loose one, 
allowing some dissociation during the manipula- 
tions involved in the absorption test. 

It may be stated that on the basis of the results 
of previous investigations as well as our own 


1934 54, 199-214) appeared, dealing with the cytological 
and serological aspects of infectious mononucleosis. The 
authors found that the antibodies were not absorbed by 
guinea pig kidney or testicle, and conclude that " certain 
facts must be explained before the heterophile nature of 
the antibody in mononucleosis can be unreservedly ac- 
cepted.” 


work, antibodies of the type seen here are not 
found in normal human serum. That the anti- 
bodies for sheep cells in such serum are hetero- 
phile is well known and has been recently demon- 
strated with bacteria by Bailey and Shorb (1933b) 
and Shorb and Bailey (1934), who found that all 
natural human anti-sheep hemolysins were ab- 
sorbed by B. lepisepticus 370, pneumococcus, 
Strep, viridans, M. catorrhalis, and partially by 
B. anthracis, B. faecalis alcaligenes, B. paratypho- 
sHs B and B. aertrycke. These bacteria contain 
heterophile antigen. We have found, however, 
that such normal antibodies are not absorbed by 
ox erythrocytes. It has been discussed before 
that immune bodies for ox cells are found in nor- 
mal human blood. Davidsohn (1930) has shown 
that they are not related to the presence of sheep 
cell antibodies, for in a group of 55 normal indi- 
viduals, of those sera having no agglutinins for 
ox blood, almost one-half had agglutinins for 
sheep blood. The ox cell antibodies are increased 
in serum sickness, as shown by Deicher (1926) 
and Davidsohn (1930). The former author 
found that these are absorbed only by the homolo- 
gous cells. 

In two of the three cases with which this report 
deals, samples of serum were obtained some time 
after complete recovery from the illness. The 
essentially normal titers of these sera for ox and 
sheep corpuscles are shown in Table I. Absorp- 
tion tests were carried out with both these sera. 
In Case 1 the sample was taken three and one-half 
months after recovery. Tests showed that 
whereas the antibodies for sheep cells were com- 
pletely removed by carp gill suspension (hetero- 
phile tissue), fresh and autoclaved ox cells did 
not absorb them to the slightest degree. This 
seems to us to be of especial significance for this 
person had comparatively recently been subjected 
to the stimulatory factor responsible for such anti- 
bodies. The serum of Case 2 was obtained not 
quite two months after recovery, and though the 
antibodies were found to be low for sheep and. ox 
cells, they were not all of the heterophile type for 
the former cells. Absorption with carp gill ro" 
moved about 60 per cent of sheep hemolysins, 
whereas ox red cells took out about 40 per cent 
of these hemolysins. Apparently this determina- 
tion was made at a time when the infectious mon- 
onucleosis antibodies had almost completely dis- 



TABLE III 

Absorption tests mtk various heterophile and non-heterophile antigens and the sera of cases of infectious mononudeasis 


Group 

number 

Absorbing antigen 

Scrum Case 

-F. C. 

! Serum Case 2- 

-X. H. 

1 Serum Case 3 — ^F. Vf^ 

Per cent units absorbed 

Per cent units absorbed 

1 Per cent units absorbed 

Oi 

Sheep 

Oi 

1 Sheep 

Ox 

Sr 

leep 

Hemo- 

lysins 

Agglu- 

tinins 

Hemo- 

lysins 

Hemo- 

lysins 

Agglu- 

tinins 

Hemo- 

lysins 

Agglu- 

tinins 

Hemo- 

lysins 

Agzlu- 

tinins 

Hemo- 

lysins 

I 

Sheep red cells (fresh) 

85 

IPPI 

100 

56 

62 

90 






Sheep red cells (boiled 2 hours) 


iPPI 

100 









Sheep red cells (autoclaved J hour) 

87.5 

IPI 

100 

70 

75 

90 

50-75 

93 

97 

100 


Ox red cells (fresh) 


m 

94 

100 

100 

81 






Ox red cells (boiled 2 hours) 


100 

96 









Ox red cells (autoclaved 1 hour) 

100 

100 

94 

100 

100 

86 

100 

100 

m 

97-99 

II 

Guinea pig kidney (boiled) 


0 

0 









Guinea pig heart (fresh) 


0 

0 









Carp roe* 


0 

0 









Carp gill* 


0 

0 









Terrapin* 


0 

0 









Mouse* 


0 

0 









Dog kidney* 


0 

0 









Cat Iddne]^ 


0 

0 


0 

0 






Chicken red cells (fresh) 


0 

0 

0 








Chicken red cells* 


0 

0 









Horse kidney* 




0 

43 

45 

75 

0 

Kl 

0 


B. lepisepticus 370t 


0 

0 


0 

0 






Diplo. pmeumoniae I DRIf .* 


0 

0 









M. catarrhalis E (human)t 


0 

0 









Streptococcus (Viridans group HT)t 


0 

0 









Streptococcus (Viridans group Cl)t 


0 

0 









B.faecalis alcaligenes Ef 


0 

0 









B. alcaligenes bookeri Lf 


0 

0 


0 

0 






B. megatherium F 19At 


0 

0 









B. cereus F 13 At 


0 

0 









B. anthracis Pg 208B (autoclaved) 


0 

0 









B. dysenteriae Shiga. Lt 


0 

0 









B. paraiyphosus B BSf 


0 

0 









B. aertrycke Lf 


0 

0 









B. avisepticus NYS 236t 


0 

0 


0 

0 






B. Ti’elchii H 2175 Be (unheated) 

0 

/p 

75 

0 

0 

0 



50 

87 


B. welchii H 2175 Bcf 


56 

53 




100 

94 

99 

94 


B. welchii H 2175 Be (boiled i hour) 


0 

0 






37 

75 


B. welchii H 5932t 


0 

0 









B. oedematiens Df 


0 

0 








III 

B. welchii BP4 


0 

0 









Bact. monocytogenes 53 xxiiit 


0 

0 









B. bomsepticus S 

0 

0 

0 

0 

0 

0 






B. influenzae Bf 


0 

0 









Slrefl scarlatinae^ 


0 

0 









B. typhosus Rt 


0 

0 








IV 

Human red cells I Jansky (fresh) 


0 

0 









Human red cells II Jank^ (fresh) 


0 

0 









Human red cells III Jansky (fresh) 


0 

0 









Guinea pig red cells (fresh) 


0 

0 









Rabbit red cells (fresh) 


0 

0 








V 

Sheep muscle (fresh, Hb removed) 

0 

0 

0 

0 

0 

0 






Beef muscle (fresh, Hb removed) 


0 

0 








VI 

Staph. albus\ t 


0 

0 









Alpha hemolytic strep. f t 


0 

0 









Gamma hemolytic strep.f t 


0 

0 









Gamma hemolytic strep.} § 


0 

0 









Staph, albus (unheated) || 




0 







_____ 

Gamma hemolytic strep.|| 




0 








_ * These tissues were boiled for I hour on two successive days. Their heterophile antigen properties and content were 


t Bacterial suspensions heated at 70° C. for i hour. 

I Nose and throat cultures from Case 1. 

Bacterium isolated from mouse injected trith nose and throat swab washings of Case 1. 

II Throat cultures from Case 2. 
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appeared, so that the normal heterophile immune 
bodies had again become manifest. 

These indications that antibodies of' the type 
found in this disease are not a constituent of nor- 
mal human serum suggest that they are a response 
to a specific etiological factor, either extrinsic or 
intrinsic, rather than the result of a non-specific 
stimulation as the consequence of an infectious or 
other process. 

In the second group of tests absorption was 
carried out with all the tissues and practically all 
the bacteria known to contain the Forssman anti- 
gen. Of the tissues, most of which are known to 
be very polyvalent in their power to absorb het- 
erologous heterophile antibodies, none removed 
the immune bodies for sheep corpuscles except 
horse kidney, which was quite irregular in even 
the moderate activity which it displayed. That 
horse kidney contains any component other than 
the heterophile antigen in common with sheep 
cells is very doubtful, in view of the fact that 
Bailey and Shorb (1933a) and Shorb and Bailey 
(1934) showed that the sheep cell hemolysin in 
anti-horse kidney rabbit serum is completely ab- 
sorbed by various heterophile bacteria, and that 
similar tests which we have done failed to indi- 
cate such a relationship. It is seen that whereas 
the other antigens which successfully absorbed 
removed both agglutinins and lysins for sheep 
cells, horse kidney showed irregularity in this re- 
spect. The results obtained may be due, we be- 
lieve, to excessive physical absorption by this 
tissue. 

With the heterophile bacteria used in Group II 
of the tests, absorption of immune bodies was 
found only with one strain of B. welchii (H2175 
Be) . The organisms which were completely neg- 
ative have been extensively investigated as to 
their heterophile properties by Bailey and Shorb 
(1931, 1933a and b) and Shorb and Bailey 
(1934), who originally found the antigen in many 
of these bacteria. These authors state that 
"... some species, including M. catarrhalis (hu- 
man), B. aviscpticus, Strep, viridans, along with 
the Diplo. pneumoniae and B. lepisepticus hetero- 
phile cultures, have antigens with marked affinity 
for heterologous as well as homologous hemolysin. 
It is readily apparent that B. lepisepticus 370, B. 
avisepticus NYS 236, Diplo. pneumoniae DRI, 
Strep, viridans Cl, and to a less extent M. catar- 


rhalis E have a great affinity for the hemolysins 
produced in rabbits by most heterophile antigens 
whether bacterial or tissue. These results seem 
especially significant when it- is considered that 
these organisms, in comparison with the other 
bacteria containing heterophile antigen, produce 
high hemolytic titers in rabbits when only very 
small amounts of the cultures are injected. These 
organisms apparently contain relatively large 
amounts of the antigen (taking into consideration 
the possible effect of chemical differences in anti- 
gens on heterologous absorption).” An example 
of this is afforded by the finding of these authors 
that each 0.1 to 0.2 cc. of sedimented bacteria 
{Diplo. pneumoniae DRI and B. lepisepticus 370) 
from 50 cc. of broth culture absorbed almost 
2,000 units of hemolysin from Type I antipneu- 
mococcus rabbit serum. Each 10 units (0.1 to 
0.2 cc.) of boiled sheep red cells removed 760 
units of hemolysin from the same serum. It has 
been stated before that these investigators found 
normal human heterophile antibodies to be ab- 
sorbed by these bacteria as well as the rabbit 
serum hemolysins. 

The removal of antibodies by B. welchii H 2175 
Be is seen to be irregular in several respects. In 
the first place antibodies were not absorbed from 
the serum of Case 2 at all. With the serum of 
Case 1 the removal of antibodies for sheep cells 
was effected by unheated bacteria or organisms 
heated at 70° C. for 30 minutes, but not with 
bacteria which had been boiled for 15 minutes. 
In view of the heat stability of the antigen in ox 
and sheep erythrocytes this is not explicable, yet 
the tests were repeated several times with the 
same results. Furthermore, even the unheated 
bacteria did not absorb the ox cell lysins. Ho\y- 
ever, in Case 3, the heated and unheated bacteria 
absorbed both sheep and ox antibodies. The re- 
sults with this bacterium were so regular in the 
cases where absorptive activity was displayed 
(i.e., both agglutinins and hemolysins were^ re- 
moved) that it is difficult to consider the reactions 
other than as examples of specific absorption. 
Another strain of the same bacterium (H 5932) 
which also has been shown by Shorb and Bailey 
to contain the Forssman antigen, did not absorb 
the antibodies. 

No simple explanation is available to us for the 
irregularities of absorption by B. welchii H 217 
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Be which were obser\'ed. But if despite this we 
assume that this antigen under certain conditions 
is capable of specific absorption of the infectious 
mononucleosis antibodies, the comments of Shorb 
and Bailey on the nature and properties of the 
heterophile antigen contained in this particular 
strain of B. ‘zvclcJiii are of much interest. These 
authors state : “ It can be concluded . . . that the 
heterophile antigens contained in some species of 
bacteria, especially that of ... B. oedematiens, 
B. Tvclchii as well as B. paratyphosus B and B. 
dysentcriae Shiga are quite specific since even the 
homologous strain or other strains of the same 
species may not absorb completely the species 
hemolysin. B. welchii antiserum (H 2175 Be) is 
of interest because with certain samples very little 
absorption was noted with any of the bacteria ex' 
cept the homologous antigen. In some cases the 
hemolysin was not even absorbed by any of the 
heterophile tissue antigens which are knorvn to 
have a great affinity for heterologous heterophile 
hemolysin. The significance of the lack of com- 
bining ability is not known. It may be that this 
particular organism, besides producing heterophile 
hemolysin, produces an hemolysin of another t>-pe 
not entirely related to the receptors found in 
sheep cells or guinea pig tissues.” 

Agglutination tests were done with the serum 
of Case 1 and the three strains of B. welchii used 
in the absorption tests (H 2175 Be and H 5932 
are supposed heterophile strains, while BP4 is 
non-heterophile). The tests were not conclusive. 
There was settling out of the H 2175 Be strain 
in tubes containing serum in dilution up to 1 to 
10,240, but no settling in control tubes containing 
normal human serum and saline. With the other 
two strains there was no settling in any tubes- 
This may be of some significance, for the fact 
that no clumping was seen may be due to the dif- 
ficulty encountered in agglutination of encapsu- 
lated bacteria. 

Group III of the tests includes a variety of 
non-heterophile bacteria which were tested more 
or less at random, though with regard to the 
sjmptoms of the diseases with which they are as- 
sociated, with the object in mind that a possible 
etiological relationship to the disease might be 
encountered. Paul and Bunnell and Bernstein 
have already ascertained that patients with the 
diseases caused by most of these organisms (influ- 


enza, scarlet fever, typhoid fever) do not have 
increased titers for sheep cells. B. bovisepticus 
was tested because we found, in another connec- 
tion, that it seems to have a peculiar agglutino- 
genic relationship to sheep er^Throcytes. We 
were particularly interested in the test with Bact. 
monocytogenes. Murray, Webb and Swann 
(1926) discovered this organism as the etiological 
basis for a disease of rabbits characterized by a 
pronounced monoc>'tosis. Dr. Murraj' kindly 
sent us this organism. The absorption tests which 
we carried out with it were negative. We were 
also interested in the apparently related organism, 
Bact. monocytogenes hominis of Nyfeldt (1929). 
Unfortunately, absorption tests with this bacte- 
rium were not reported by the author since the 
hemoljtic antibodies associated with the disease 
were unknown at the time his work was done. 
If such an organism could be shown to absorb the 
specific type of ox and sheep cell antibodies dis- 
cussed in this paper, a rather firm basis for its 
etiologic relationship to infectious mononucleosis 
would be estabb'shed. We are attempting to carry 
out this phase of the problem at the present time. 

The fourth group of tests was carried out with 
various erjthrocytes, none of which absorbed. 
Of particular interest here is the human Group A 
(Jansky Group II) corpuscles. It is general!}* 
accepted that the Forssman antigen and human 
Group A agglutinogen are similar but not identi- 
cal. Bernstein discusses the possibility that in 
infectious mononucleosis red cells are broken 
down with liberation of the antigen which subse- 
quently produces the antibodies. He states fur- 
ther that there is ample ewdence that such is not 
the case, since infectious mononucleosis and the 
sheep cell antibodies appeared in patients of other 
blood groupings with as great regularity as in 
Groups A or AB, nor did several patients receiv- 
ing multiple transfusions with Group A blood 
develop an increased antibody titer. The tests 
reported here further minimize the possibility of 
normal red cells acting as an intrinsic stimulation 
for the antibodies found in this disease. 

The remainder of the tests demonstrate that 
the antigen is not present in fresh beef or sheep 
muscle washed free of hemoglobin, and that nose 
and throat cultures from two of the patients failed 
to absorb hemolysins or hemagglutinins from the 
sera of these persons. 
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Other tests for Forssman antibody. There are 
several methods for the demonstration of hetero- 
phile antibody besides those already discussed. 
Thus, both human and rabbit heterophile sera 
when introduced intravenously into guinea pigs 
are known to produce generally a syndrome very 
similar to anaphylactic shock, while intracutaneous 
injection into these animals causes a severe local 
necrotic reaction. This property of the serum is 
known as its primary toxicity. The work of a 
number of investigators has shown, however, that 
such primary toxicity does not parallel the hetero- 
phile antibody content of the sera in all instances, 
especially in the case of certain of the antibacterial 
heterophile sera. With these facts in mind we 
have tested the serum from a case of infectious 
mononucleosis by injection into the guinea pig. 
An intracutaneous test done with 0.2 cc. of serum 
from Case 2 with an agglutinin titer of 350 for 
sheep cells was entirely negative. We have not 
had an opportunity to carry out further tests with 
sera of higher titers for sheep cells. 

Among the characteristic reactions manifested 
by heterophile hemolytic antibodies are (1) com- 
bination with emulsions of lipoids derived from 
heterophile tissues, and (2) formation of precipi- 
tates with emulsions of such lipoids. The hetero- 
phile lipoid is known to be soluble in alcohol. 
Such lipoid preparations, which have been found 
effective when used with known heterophile anti- 
bodies, were tested with the infectious mononucle- 
osis sera for the above properties and found nega- 
tive. Further studies with other solvents are 
now being made. 

The mine of ox cell absorption in the diagnosis 
of infections mononucleosis. Abnormal titers of 
antibodies for sheep erythrocytes have been found 
consistently in human beings only in two condi- 
tions; following horse serum therapy and in in- 
fectious mononucleosis. Aside from these cases 
high concentrations of these immune bodies have 
been reported in isolated instances only. Raras- 
dell and Davidsohn (1930) reported a titer above 
the normal in a patient receiving injections of 
insulin. Paul and Bunnell discuss a fatal case in 
which the serological findings were those of in- 
fectious mononucleosis, but the clinical manifesta- 
tions were too indefinite to permit a satisfactory 
diagnosis, so that it was classified as either aleu- 
kemic leukemia or aplastic anemia. 


Despite the fact that the combination of diag- 
nostic factors in infectious mononucleosis is such 
that the correct diagnosis would seem a compara- 
tively simple matter, this is apparently not always 
the case. Bernstein, for example, reports a case 
in which the syndrome was that of thrombocyto- 
penic purpura, accompanied by a high sheep cell 
agglutinin titer, and considers the possibility of a 
concurrent atypical infectious mononucleosis. 
Rosenthal and Wenkebach (1933) discuss the 
relationship of this disease to the group of con- 
ditions which they consider similar but distinct 
entities. This group includes lymphocytic angina, 
monocytic angina and glandular fever. These 
authors state that despite the lack of certain 
symptoms the diagnosis may be easily confirmed 
by the positive heterophile antibody reaction. In 
some of these cases agglutinin titers of 16 (which 
are sometimes found in normal individuals and 
after horse serum treatment) serve as the basis 
for including the disease under the classification 
of infectious mononucleosis. 

In instances where reliance is placed chiefly on 
the sheep cell hemagglutinin titer for the diagno- 
sis of this condition, two main sources of error 
are to be considered. In the first place Bernstein 
has pointed out that there is a wide range of anti- 
body concentration in normal people, and “that 
if the increased titer of agglutinins in infectious 
mononucleosis merely represents an enhancement 
of the concentration of antibodies already present, 
then there is just as much increase in a patients 
serum with a normal agglutinin titer of 1 to 1, 
rising to 1 to 16 as there would be in one starting 
at 1 to 8 and rising to 1 to 128. Yet the former 
would be considered a negative heterophile anti- 
body test and the latter a positive one.” Secondly, 
the possibility of a high heterophile titer due to 
previous horse serum injections is a factor of 
some importance. Davidsohn (1929) has pointed 
out that sheep cell agglutinins may persist for long 
periods after such treatment. In one patient these 
were present one year after injection of serum. 
In another who had received diphtheria antitoxin 
three years before, and in two similarly treated 
two years before, these immune bodies were still 
present. Bernstein emphasizes the importance of 
eliminating horse serum as an inciting agent be- 
fore drawing any conclusions from an increased 
titer of heterophile antibodies. 
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In the normal individuals whom we have tested, 
we have been able to find no antibodies of the na- 
ture of those found in infectious mononucleosis. 
Likewise, the cases of this disease which we have 
studied have shown the disappearance of these 
and the presence of the true heterophile antibodies 
after recover}', as discussed in a preceding section. 
From the fact also that previous investigators 
(Paul and Bunnell, Boveri, Bernstein) have 
shown that none of a large variety of pathologic 
conditions tested were characterized by the pres- 
ence in the blood of sheep cell antibodies, and 
since such antibodies in serum sickness are ac- 
tually heterophile in nature, we believe that the 
antibody seen in infectious mononucleosis is spe- 
cifically characteristic of this disease. If it can 
be demonstrated that one immune body for both 
sheep and ox cells is present in measurable con- 
centration in an individual suspected of harboring 
the infection, then so far as is known there is no 
serological basis to hinder classification of the con- 
dition as infectious mononucleosis. The logical 
manner in which such a test should be carried out 
is the primary titration of the serum with sheep 
cells and then absorption of the serum with boiled 
or autoclaved ox cells, followed by titration 
against sheep corpuscles. This method is advised 
because it provides immediate proof that one anti- 
body is responsible for the activity of the serum 
against both species of erythroc}'tes. Further- 
more, in addition to the commonly used sheep cells 
this method involves the use only of boiled ox 
cells, which can be kept sterile in the icebox al- 
most indefinitely for use at any time. 

The value of this type of test in certain vague 
conditions was especially impressed on us by a 
case in which we were interested as a possible ex- 
ample of infectious mononucleosis. A detailed 
report follows : 

Case 4.~ H. M., an 8 year old white male, was ad- 
mitted to the Jewish Hospital of Brooklyn on March II, 
1934, complaining chiefly of a fever of 10 days duration. 
■The history indicated that the patient had suffered with 
diphtheria some time in the past. 

On admission the child did not seem acutely ill. The 
skin was faintly tinged a lemon yellow and the pharynx 


■ The authors are indebted to Dr. M. R. Greene of the 
Jewish Hospital of Brookbm, New York, for supplying 
clinical data and serum in this case. 


was moderately injected. There was no adenopathy and 
the splenic margin was questionably palpable. During 
the past 10 days the temperature had been remittent up 
to 102° F., though on two occasions it had risen to 105° 
and 106°. There were no other complaints. 

Through the first six days of hospitalization the tem- 
perature showed a daily intermittent course up to 103° in 
the evening, being normal in the morning. There were 
still no other complaints. Nose and throat cultures as 
well as blood and spinal fluid cultures were negative dur- 
ing this interval. The Widal was negative on the day 
of admission and agglutination tests a week later with 
the B. mcUlciisis and abortus group indicated no abnor- 
mality. 

-At the time of admission the total leukocyte count was 
10,000 and the differential picture showed a monocytosis. 
Subsequent blood studies are illustrated in Figure 4. Of 
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Fig. 4. A Suspected Case of Ixfectious Mononu- 
cleosis IN Which Antibodiee for Ox Erytheocvtes 
Were Lacking. 

Legends as in Figure 1. 


particular interest is the fact that two days later it was 
observed that 1 or 2 young lymphocytes were present, but 
the change in these cells was not striking. Three days 
after this, on March 16, the notation was made that 4 
lymphocytes typical of the cells seen in infectious mono- 
nucleosis were found, though at this time the total lymph- 
ocyte percentage was only 21. The degenerative index of 
polymorphonuclear cells was 64 per cent, indicating a 
toxic blood picture. The impression recorded in the his- 
tory on this date was that of infectious mononucleosis. 
The next day agglutim'ns for sheep cells were found in 1 
to 32 dilution of this patient’s serum. 

Several days later no abnormal lymphocytes were 
found, so that the possibility of infectious mononucleosis 
was excluded. 

The patient continued to run a septic temperature daily 
with no chills and no other complaints. On April 7, 1934, 
he was discharged from the hospital with the fc^■er un- 
diagnosed. 
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A sample of serum from this patient was ob- 
tained on March 31, thirty days after the begin- 
ning of the illness. At this time the titer for 
sheep cells was quite high, complete lysis being 
found in dilution of 1 to 160. The agglutinins 
were not parallel, being definitely positive through 
1 to 16 dilution. Hemolysins for ox cells were 
of a low normal value. Absorption tests with 
this serum showed that ox cells did not remove 
the sheep cell antibodies, whereas carp gill and 
guinea pig kidney did. The antibodies were 
therefore heterophile and as such not compatible 
with the findings made in infectious mononucle- 
osis. It was mentioned in the case report that 
this child had a history of diphtheria. We were 
unable to ascertain how long before the present 
illness he had suffered with this disease nor 
whether antitoxin had been administered. There 
is obviously a possibility that the sheep cell anti- 
bodies found might have had their origin from 
the treatment of the earlier illness. 

DISCUSSION AND SUMMARY 

Previous investigators who have reported on 
the antibody responses in infectious mononucle- 
osis have used the terms heterophile or Forssman 
antibody in describing the sheep red cells aggluti- 
nin and hemolysin first observed by Paul and 
Bunnell in this disease. It has been assumed that 
these immune bodies are true Forssman antibodies 
because of their action on sheep cells, although no 
tests with other heterophile or non-heterophile 
antigens are recorded. 

The complex relationships between the anti- 
genic components of various species of red blood 
cells and tissues and the corresponding antibodies 
have led to a confusing terminology in their de- 
scription, but the essential points concerning these 
relationships are quite simple and are well known. 
The antigenic substances that incite the produc- 
tion of hemolysins in the rabbit for sheep erythro- 
cytes have been divided into two classes, hetero- 
phile and isophile. The heterophile antigens most 
commonly mentioned include the red cells of the 
sheep and goat, the organs of the guinea pig, 
horse, cat, dog, mouse, chicken, tortoise, certain 
kinds of fish and several varieties of bacteria. 
The common non-heterophile antigens include the 
organs of the rabbit, ox, pig, man, rat, goose, 
pigeon, frog, etc. Animals whose organs or red 


cells contain heterophile antigen are sometimes 
classed as of the “ guinea pig type ” ; those which 
do not, the " rabbit type.” The red cell of the 
ox is generally mentioned as an example of a 
typical isophile antigen, while the phylogenetically 
closely related sheep red cell contains both hetero- 
phile and isophile components. Both of these 
types of antigens can be recognized and defined in 
terms of the behavior of their antibodies. It has 
generally been stated that a true heterophile hemo- 
lytic antibody is completely removed from its se- 
rum by boiled sheep red corpuscles (and hetero- 
phile tissues, such as guinea pig kidney, etc.), 
while the isophile hemolysin is absorbable only by 
unheated sheep or ox corpuscles. The hemolysins 
produced in the rabbit by the injection of native 
sheep corpuscles possess both heterophile and iso- 
phile properties. Sheep corpuscles therefore con- 
tain at least two kinds of lysinogens, — a hetero- 
phile fraction which is thermostable and an 
isophile component which is thermolabile. This 
fact is demonstrated not only by the reactions of 
anti-sheep hemolysins toward native and boiled 
sheep, cells, but also by the fact that only hetero- 
phile immune body results when the boiled cells 
are injected into rabbits. 

The red cells of the ox incite in the rabbit hem- 
olytic antibodies for the red cells of the sheep as 
well as for the homologous cells. The ox cell is 
of isophile type, since its antibody combines only 
with the thermolabile receptors of sheep and ox 
corpuscles. Hyde (1925) has shown that this 
anti-ox hemolysin is removed from its serum by 
native, but not by boiled corpuscles of these two 
species. 

The results of previous investigations have 
shown then that sheep and ox erythrocytes are re- 
lated antigenically through their thermolabile com- 
ponents, while the thermostable components of 
these two species of cells have not been shown to 
have anything in common. The results of our 
own study with these erythrocytes demonstrate 
a relationship between certain thermostable frac- 
tions of these cells as indicated by the ability of 
autoclaved ox and sheep erythrocytes mutually to 
cross absorb the hemolytic and hemagglutinative 
antibodies for both of these species of cells from 
the serum of patients with infectious mononucle- 
osis. Our results demonstrate further that the 
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antibodies in infectious mononucleosis are not of 
the heterophile (Forssman) type. They are prob- 
ably the response to an antigen which is similar to 
a hitherto unknown heat stable component of the 
o.x and sheep erythroc 3 -te, and also of a bacterium, 
B. wclchii H 2175 Be, and possibly of horse kid- 
ney. Immune bodies of this tj-pe apparentl}' are 
not a constituent of normal human blood, nor are 
they found in anj’ of a large variety of pathologi- 
cal conditions as indicated by an analj'sis of the 
data of previous investigators who have been con- 
cerned with the heterophile antibody* content of 
such sera. They are therefore limited strictly to 
this disease and for this reason may serve as the 
basis for a diagnostic test, particularly when other 
features of the S}'ndrome cannot be distinguished 
with certaint}*, and even though the history indi- 
cates previous horse serum therapy. Cases have 
been reported (Bernstein) wherein the clinical 
findings were those of infectious mononucleosis 
but appreciable agglutinins for sheep eiythrocyTes 
were lacking. Whether such instances would 
show high titers for ox cells we have had no op- 
portunity to determine, but obnously obsen'ations 
on this point would be of much interest. We be- 
lieve that even when high titers for ox erythro- 
cytes cannot be found, the demonstration that 
such low concentration of antibody as is present 
is of the type reported in this paper would ser\'e 
to class the disease as infectious mononucleosis. 

The etiology of this condition is still a matter 
of conjecture. The peculiar properties of the an- 
tibody concerned gives us, however, a more defi- 
nite basis than was heretofore available for testing 
the possible relationship of various bacteria or 
other factors to the disease. Since the antibody 
is characteristic of this condition and is not found 
in normal serum, we believe that it is a specific 
response to a definite factor, either intrinsic or 
extrinsic, rather than a reaction due to non- 
specific stimulation. The recognition of an ex- 
trinsic factor which would combine with this 
immune body should logically' supply a strong in- 
dication that it plays a specific part. On the other 
hand, we may conclude from the fact that nose 
and throat organisms from our own cases failed 
to absorb these antibodies, that if the responsible 
causative agent is found in these regions, it is not 
culturable on ordinary media. 


In this connection it is interesting that abnormal 
concentrations of bacterial agglutinins are present 
in some cases of this disease, Bernstein has re- 
ported instances in which agglutinins for the ty- 
phoid and suipestifer groups of organisms were 
found. Case 1 reported here was one of the pa- 
tients showing such antibodies for the typhoid 
group, while Case 2 agglutinated B. r.ielitensis to 
an abnormal degree. Some of these bacteria have 
been tested for their ability to absorb the mono- 
nucleosis antibodies, and have been found neg- 
ative. In view of this, and also because the anti- 
bacterial response is seen in only few cases, and 
not to the same bacteria in these instances, we are 
inclined to favor the opinion held by Bernstein 
that such agglutinins are not specifically related 
to the disease. They' are probably' the result of 
non-specific stimulation. 

A consideration of the serological findings in 
this condition brings up several points of theoreti- 
cal interest. The sheep cell agglutinin titers paral- 
lel those for hemolysins. With the exception of 
the isoagglutinins of the human blood groups and 
the autohemagglutim’ns in rabbits following re- 
peated blood transfusions, we know of no instance 
either in human beings or experimental animals 
where the agglutinins for erythrocytes of any' kind 
are as high as the hemoly'sins. In most cases the 
former do not even approach the latter. Our 
knowledge of the properties of human anti-eryth- 
rocyte sera is necessarily very limited, of course. 
It may possibly be that investigation of the re- 
sponses of the immunized human being to various 
corpuscles would disclose a natural tendency' of 
this species to produce higher agglutinin titers 
than are found in experimental animals. 

The controversial ideas concerning the essential 
identity' of antibodies, generally termed the Uni- 
tarian hypothesis, are too w'ell knou-n to w'arrant 
discussion here. We merely' wish to comment on 
the possible bearing of certain results reported in 
this communication on this theory'. It was seen 
that ox erythrocytes remove both agglutinins and 
hemoly'sins for sheep corpuscles. It seems very 
improbable that the ox cell would contain two 
factors, one ■with an affinity’ for the agglutinin and 
the other v.'ith an affinity for the hemolysin. It 
seems to us rather more probable that one anti- 
genic component is responsible for the absorption 
of both immune body' rrianifestations. 
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CONCLUSIONS 

1. The hemolytic and hemagglutinative anti- 
bodies for sheep and ox red cells found in the sera 
of cases of infectious mononucleosis are not het- 
erophile or Forssman antibodies, but are probably 
the specific response to an antigen having a fac- 
tor in common with a thermostable component of 
sheep and ox erythrocytes, a certain strain of B. 
welchii (H 2175 Be), and possibly horse kidney. 

2. These antibodies have the power to hemolyze 
and agglutinate not only sheep red cells, but also 
to hemolyze and to some extent agglutinate ox red 
corpuscles, although these immune bodies are not 
isophile in nature since they are absorbed from 
the serum by boiled ox and sheep corpuscles. 

3. Ox erythrocytes have a broader antigenic re- 
lationship to the antibodies of infectious mono- 
nucleosis than sheep erythrocytes. 

4. The antibodies are probably not found in 
normal human serum, but are rather a specific 
response associated with infectious mononucleosis 
only. 

5. These antibodies were not absorbed from 
the serum by any of the organisms cultivated 
from the upper respiratory tract of cases of the 
disease. 

6. Blood cultures made from cases of infec- 
tious mononucleosis were negative, although the 
injection into rabbits of such cultures, containing 
the blood elements of a patient, caused the pro- 
duction of a serum with a high hemolytic titer for 
sheep cells. 

7. The antibodies in infectious mononucleosis 
and the thermostable antigen in ox and sheep cells 
which combine with and neutralize them have 
unique properties of specificity which so far as 
we are aware have not been described before. 

8. The primary titration of a serum with fresh 
sheep erythrocytes followed by absorption of the 
antibodies with boiled ox red cells and then re- 
titration of the absorbed serum with fresh sheep 
corpuscles, provides a specific diagnostic method 
for this disease. 
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Under certain conditions obser\'ers have re- 
ported an inverse relationship in the concentration 
of sugar and of chloride in the blood. Herrick 
(1) in 1924 observed it following the ingestion of 
100 grams of glucose in six individuals. Ni (2) 
obtained the same relationship follovdng the re- 
moval of the pancreas or the administration of 
insulin in dogs which he regarded as a manifesta- 
tion of osmotic compensation. Sunderman, Aus- 
tin and Williams (3) observed it following the 
administration of insulin to diabetic patients, — ^the 
increase in serum chloride being associated with 
an increase of total fixed base. Their freezing 
point data suggested that the increased concentra- 
tion of electrolytes in the serum did not entirely 
compensate osmotically for the decreased con- 
centration of sugar. They found the change usu- 
ally accompanied by a higher specific gravity and 
an increased concentration of the total solids of 
the serum. 

Changes in the concentration of blood sugar 
are usually associated with changes in the water 
content of the blood and tissues. The intravenous 
administration of hypertonic solutions of glucose 
is used clinically to produce dehydration and di- 
uresis. Following the admim’stration of hyper- 
tonic solutions of either saccharose or glucose 
intravenously in dogs, Keith (4) found the plasma 
volume diminished and both the viscosity of the 
blood and the concentration of hemoglobin in- 
creased. Drabkin, Page and Edwards (5) and 
Drabkin (6) demonstrated that administration of 
insulin to dogs produces not only a lowering of 
the blood sugar but also anhydremia which mani- 
fests itself in increase of the concentration of 
hemoglobin and erjiihrocyte count, and reduction 
of plasma volume. 

Change in the concentration of a solute may re- 


sult from addition or removal of either solute or 
solvent. Moreover, in solutions such as blood or 
serum which contain a high concentration of sol- 
ids, the distinction between concentration of solute 
per unit of solution and per unit of solvent is im- 
portant. The concentration of solute is commonly 
estimated in relation to volume of solution in clin- 
ical studies. It is, however, the concentration of 
solute per unit of solvent which perhaps has more 
physicochemical sigm’ficance. 

The present study was designed to determine in 
the diabetic patient to whom glucose was admin- 
istered the changes in the concentration of glucose 
and chloride in serum in relation to the change in 
the amount of water circulating in the serum, and 
from these data to estimate the change in the total 
quantity and in the osmolal concentration of both 
glucose and chloride in serum. 

jrATERIAL AND METHODS 

Venous blood was withdrawn under oil from 
18 fasting patients who were attending the Meta- 
bolic Clinic at the Pennsylvania Hospital for dia- 
betes mellitus. The serum was obtained from the 
centrifuged specimen of the clotted blood by the 
technique described elsewhere (7). Seventy-five 
grams of glucose dissolved in 200 cc. of water 
flavored with lemon juice were then ingested, and 
after an interval of ninety minutes serum was 
again obtained for analysis. 

Glucose in the serum was measured by Bene- 
dict’s method (8) vnthin 20 minutes after the col- 
lection of the blood. The Wilson and Ball pro- 
cedure (9) was employed for the measurement 
of the serum chloride. The spedfic grarity of 
the serum was measured at 20° C. with pyknome- 
ters of 2 ml. capadty. The total residue of the 
serum was obtained by diydng the serum at 100° 
C. to constant weight. Freezing point measure- 
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merits were made by means of the Stadie-Sunder- 
man apparatus (10). 

CALCULATION OF RESULTS 

The concentrations of glucose and chloride in 
senun before and after the glucose administration 
have been expressed as moles per liter of serum; 
as moles per kilogram of serum water; and as 
moles per kilogram of dry residue exclusive of 
the glucose and chloride. It is the second of 
these, the molality of a solute in serum which is 
most simply related to changes in the osmotic 
equilibrium, thermodraamic potential, or actirdty 
of the solute. If it be assumed as a plausible ap- 
proximation for these experiments, that, exclud- 
ing the glucose and the chlorides, the remaining 
solids of the serum remain constant during the 
ninety minute period of the experiment, then 
from the ratios of glucose, chloride, and water to 
solids the percentile change in the total quantities 
of these three components may be calculated. 

The following equations were employed in our 
calculations (those for glucose being analogous to 
those for chloride) . 


SYMBOLS 

Sp = specific gra\-ity at 20° C. 

HjO = water in grams 
S = solids in grams 
G1 = glucose in millimoles 
Cl = chloride in millimoles 
L = liters of serum 
K = kilograms of serum 
C 2 = concentration per kilogram of water 
R = residual solids in kilograms. (Solids exclusive of 
glucose and chloride as NaCl) 

~ex = osmolal concentration of glucose and chloride in 
the fluid calculated as exchanged 
subscript f = fasting 
subscript g = after glucose 

^ = CI/K; = H-O/K = 1000 - S/K, (1) 


1000 g/K _ „ 
1000 - S/K ~ ^ 


( 2 ) 


CI/R = 


1000 Cl/L 

Sp (S/K) - 180 Gl/L - 58.45 CI/L ’ 


(3o) 


H.a/n - _ Sp. X 10^ - Sp (S/K) X 10^ , 35 ,^ 

Sp (S/K) - 180 Gl/L - 58.45 Cl/L’ 

Transference of HtO, Cl, and G1 to the serum after 
glucose administration. 


A Cl/R = (Cl/R)g - (a/R)f, (4u) 

A HtO/R = (H.0/R)£ - (H.O/R)f. (45) 


Concentrations of Q and GI (expressed as mM. per kilo- 
gram of water added) in the solution entering serum after 
glucose administration are as follows; 


A a/(A HjO X io-») = 


1000 A a/R 
A H-O/R 


(5) 


Elstimated osmolal concentration of chloride and glucose 
in the fluid calculated as e.xchanged (ver) assuming 1.9 
as the osmolal equivalence of a mole of electrolyte. 

= 1.9 A C1/(A H:0 X 10-’) 

-f A G1/(A H;0 X 10-’). (6) 


RESULTS 

The data pertinent to this paper have been 
recorded in Table I. 

Relationship behveeii the concentrations of glu- 
cose and chloride in serum on a zt'oter basis 

From calculations made from the data in this 
paper and in a previous paper (11) there was no 
significant correlation betvreen the concentration 
of glucose and chloride in either the serum or 
corpuscles in the blood of different patients. 
However, following the ingestion of glucose in 
diabetic patients there was a striking correlation 
between the change in the concentrations of glu- 
cose and chloride in the serum when these were 
expressed on a water basis. 

In the serum of each of the diabetic patients 
following the administration of glucose there was 
a decreased concentration of chloride as well as 
the anticipated increased concentration of glucose. 
The increase in the glucose concentration in moles 
per kilogram of water was accompanied by a de- 
crease in the chloride concentration in moles per 
kilogram of water in the mean ratio of 3.77 
± 0.45 to 1. 

In Figure 1 the increase in the milliosmolal con- 
centration of glucose in the serum is plotted 
against the decrease in the milliosmolal concentra- 
tion of chloride. The statistically calculated re- 
gression line of chloride on glucose is : 

— A TTc. = 0.369 A -f 1-50. 

If the osmolal decrease in concentration of chlor- 
ide were equal to the osmolal increase in glucose 
the curve would follow the dotted line. The in- 
crease in the concentration of glucose when 
greater than about 3 m?vl. per kilogram of water 
is thus not entirely compensated for osmotically 
by the decrease in the concentration of chloride. 
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merits were made by means of the Stadic-Sunder- 
man apparatus (10). 


Concentrations of Cl and G1 (expressed as mM. per kilo- 
gram of water added) in the solution entering serum after 
glucose administration arc as follows: 


CALCULATION OF RESULTS 

The concentrations of glucose and chloride in 
scrum before and after the glucose administration 
liave been expressed as moles per liter of scrum; 
as moles per kilogram of scrum water; and as 
moles per kilogram of dry residue exclusive of 
the glucose and chloride. It is the second of 
these, the molality of a solute in scrum which is 
most simply related to changes in the osmotic 
equilibrium, thermods-namic potential, or activity 
of the solute. If it be assumed as a plausible ap- 
proximation for these experiments, that, exclud- 
ing the glucose and the chlorides, the remaining 
solids of the serum remain constant during the 
nineh- minute period of the e.xperiment, then 
from the ratios of glucose, chloride, and water to 
solids the percentile change in the total quantities 
of these three components may be calculated. 

The following equations were employed in our 
calculations (those for glucose being analogous to 
those for chloride). 


SYMBOLS 

Sp = specific grarity at 20’ C. 

H-O = water in grams 
S = solids in grams 
Gl = glucose in millimoles 
Cl = chloride in millimoles 
L = liters of serum 
K = kilograms of serum 
C 3 = concentration per kilogram of water 
R = residual solids in kilograms. (Solids exclusive of 
glucose and chloride as NaCl) 
vec = osmolal concentration of glucose and chloride in 
the fluid calculated as exchanged 
subscript f = fasting 
subscript g <= after glucose 

^ = a/K: = HjO/K = 1000 - S/K, (1) 


1000 Q/K _ 
1000 - S/K 


( 2 ) 


Cl/R = 
HiO/R = 


1000 CIA- 

Sp (S/K) - 180 Gl/L - 58.45 CI/L ’ 

Sp X 10^ - Sp (S/K) X 10^ 


■ Sp (S/K) - 180 Gl/L - 58.45 Cl/L‘ 

Transference of HsO, Cl, and Gl to the serum afti 
glucose administration. 


A Cl/R »= (CI/R)g - (Cl/R)f, (4u) 

A H.O/R = (HsO/R)^ - (H.O/R)f. (4&) 


A a/(A HjO X 10-») = 


1000 A Cl/R 
AHjO/R 


( 5 ) 


Estimated osmolal concentration of chloride and glucose 
in the fluid calculated as exchanged (ro) assuming 1.9 
as the osmolal equivalence of a mole of electrobte. 


■« = 1.9AC1/(AH.0 X 10-’) 

-f A GI/(A H;0 X 10-’). (6) 


RESULTS 

The data pertinent to this paper have been 
recorded in Table I. 

Relationship bclwccn the concentrations of glu- 
cose and chloride in serum on a wafer basis 

From calculations made from the data in this 
paper and in a previous paper (11) there was no 
significant correlation between the concentration 
of glucose and chloride in either the serum or 
corpuscles in the blood of different patients. 
However, following the ingestion of glucose in 
diabetic patients there was a striking correlation 
betn-een the change in the concentrations of glu- 
cose and chloride in the serum vrhen tliese were 
expressed on a water basis. 

In the serum of each of the diabetic patients 
following the administration of glucose there was 
a decreased concentration of chloride as well as 
the anticipated increased concentration of glucose. 
The increase in the glucose concentration in moles 
per kilogram of water was accompanied by a de- 
crease in the chloride concentration in moles per 
kilogram of water in the mean ratio of 3.77 
±; 0.45 to 1. 

In Figure 1 the increase in the milliosmolal con- 
centration of glucose in the serum is plotted 
against the decrease in the milliosmolal concentra- 
tion of chloride. The statistically calculated re- 
gression line of chloride on glucose is : 

— A WCI = 0.369 A + 1.50. 

If the osmolal decrease in concentration of chlor- 
ide were equal to the osmolal increase in glucose 
the curve would follow the dotted line. The in- 
crease in the concentration of glucose when 
greater than about 3 mM. per kilogram of water 
is thus not entirely compensated for osmotically' 
by the decrease in the concentration of chloride. 



248 


F. WILLIAM SUNDERMAN AND ENNION S. WILLIAMS 



Fig. 1. Increase in Osmolal Concentration of Glucose Plotted Against the Decrease in 

OsMOLAL Concentration of Chloride. 


TABLE II 

Effect of ingestion of glucose by diabetic individuals on 
the total base and freezing point of scrum 


Case 

Freczlnff 

point 

Total base 

Glucose 

HjO 

19 (f). . 
(b) • 

-C. 

- 0.544 

- 0.552 

m. Eq.lkem. 
lUO 

158.8 

157.5 

inM.lkgm. 

BiO 

7.73 

12.66 

gramsiksm. 

serum 

901.45 

904.65 

20 (f). - 
(b) • 

- 0.527 i 

- 0.533 

156.1 

151.0 

7.66 

17.19 

909.40 

913.65 


In Table II arc given concentrations of total 
base and glucose in relation to the water in the 
serum of two diabetic patients. With increase 
of scrum glucose the total base was diminished 
in the scrum of both of these patients. It would 
appear thus that the decrease in the concentration 
of chloride was probably accompanied by a de- 
crease in the concentration of total base. 

The coviposilion of the scrinii after ingestion of 

glucose 

The concentrations of glucose and chloride in 
each ‘sample of serum obtained before and after 
the administration of glucose arc given in Table 
I and are e-xpressed per unit of volume, per unit 
of water, and per unit of residual solids. Al- 
though the concentration of chloride per liter and 


per kilogram of serum water was decreased in 
all of the cases following glucose, the amount of 
chloride per kilogram of residual solids in the 
serum, with the exception of Case 5, was in- 
creased. In Case 5, as in the others, there was a 
greater amount of glucose and water present in 
the serum after the administration of glucose than 
before. 

In the upper part of Figure 2 is given the per- 
centile increase in the water of the serum per 
kilogram of solids. In the lower part of the 
graph the open columns represent the osmolal 
concentration of the increment of glucose and the 
hatched columns the osmolal concentration of the 
increment of chloride calculated as if they were 
in the increment of water. The analyses indicate 
that in 17 of the 18 cases, the increment in chlor- 
ide was from 5.4 to 103 m. Eq. per kilogram of 
increment of water. In Case 5 the calculation in- 
dicates a slight loss of chloride from the scrum. 
The estimated osmolal concentration of the fluid 
increment wdth both chloride and glucose included 
was on the average higher than that of the fasting 
scrum. This is consistent with the observed in- 
crease in the freezing point depression in the sc- 
rum after glucose ingestion (Cases 19 and 20). 

In Table I and Figure 2 are given the meas- 
urements obtained from similar analyses in tv.o 
normal individuals following the ingestion of glu- 
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Fig. 2. Changes in Seeum after Glucose Ingestion. 


cose. If the same assumption be made that there 
is no change in the total solids (excepting glucose 
and chloride) in the serum of the normal indi- 
viduals after the ingestion of glucose then it will 
be obseived that there was an outflow of water as 
well as of glucose and of chloride. The changes 
of volume and composition of the serum in nor- 
mal individuals were just the reverse of those 
obseived in the diabetic patients. 

While there are many studies in' the literature 
giving changes in concentration of solutes per liter 
of serum following hemorrhage, plasmapheresis, 
intravenous injection of hj^potonic or hypertonic 
solutions, etc,, few studies contain in addition, 
measurements of specific grarity and dry weight. 
It is, therefore, impossible to calculate from them 
the changes of solute per kilogram of water or 
to estimate the sign or the approximate ratio, 
A Eolute/A H^O. 

SUMMARY 

Blood was removed from fasting diabetic pa- 
tients before and ly^ hours after the ingestion 
of glucose. The increase in the concentration of 
glucose in the serum as moles per kilogram of 
water was accompanied by a decrease in the con- 
centration of chloride in the same units in ap- 
proximately the ratio of 3.8 to 1. 


The assumption was made that the amount of 
solids in the serum, excepting glucose and chlor- 
ide, remained constant during the brief period of 
an e.xperiment and the amounts of glucose, chlor- 
ide and water present in the serum before and 
after the admim'stration of glucose were calcu- 
lated in relation to these residual solids. The re- 
sults of these calculations indicated that after the 
ingestion of glucose there was not only an in- 
crease in the total quantit)* of glucose in the serum 
but also an increase in the total quantities of chlor- 
ide and water present. The increase in the total 
quantit}' of chloride was from 0 to 103 m. Eq. per 
kilogram of added water. The increment in glu- 
cose plus chloride calculated in relation to the in- 
crement of water gave, on the average, a value 
representing a higher osmolal concentration than 
that of the fasting serum. The final results ob- 
tained after the ingestion of glucose b}' diabetic 
individuals, therefore, were an increase in glucose 
concentration, a decrease in chloride concentra- 
tion, an increase in the osmotic pressure, and an 
increase in the total quantities of glucose, chlor- 
ide, and water of the serum. 

In the serum of the diabetic patient the dis- 
turbance resulting from the uptake of glucose is 
distributed among at least three other variables: 
serum volume, osmotic pressure, and chloride con- 



250 


F. WILLIAM SUNDERMAN AND ENNION S. WILLIAMS 


centration. The experiments illustrate the fact 
that a change in concentration induced with re- 
spect to a single component, such as glucose, tends 
to disturb the concentration of other components 
of the serum and to induce transfers of some of 
them to or from the serum. 
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IXTRODUCTIOK 

A satisfactory method for the quantitative esti- 
mation of changes of Iiydration of the body is not 
available. [Measurement of obvious fluids of the 
intake and output is of limited value. The method 
of determination of total water c.xchange pro- 
posed by Newburgh (1) has proved unsatisfac- 
toiy- in our experience (2). An approach to the 
problem through study of the electrolyte metabo- 
lism has the advantage that it gives information 
not only concerning the exchange of fluids be- 
tween bod}' and environment but also concerning 
the distribution of these fluids within the body. 

That base (excluding calcium) and water are 
lost by tlie body in appro.ximately the proportions 
in which they appear in the plasma was demon- 
strated by Gamble, Ross and Tisdall (3) from 
studies of fasting epileptic children. They sug- 
gested the use of this relationship for the estima- 
tion of water exchange from determined balances 
of cations. This procedure presupposes that total 
base js distributed evenly throughout the entire 
volume of body fluids and that the concentration 
of total base in these fluids remains constant while 
the volume of fluids changes. This need not be 
true, of course, for individual cations. Gamble’s 
concept has gained wide acceptance and has served 
to add much to our knowledge of the interrela- 
tionship of the metabolism of base and of water. 

The application of improved analytical methods 
to the determination of serum base has demon- 
strated that variations of one or two per cent are 
common, and that much wider variations occur 
under unusual circumstances. Comparisons by 
direct analyses of tissues (4), transudates (5, 6, 
7, 8), and red blood corpuscles (9, 10, 11) with 
serum have shown, as might be inferred from the 
results of Gamble’s experiments, that concentra- 
tions of total base per unit of water are approxi- 
mately alike in all these media. The concentration 

^Part of the expense of this investigation was de- 
frayed by a grant from the Ella Sachs Plotz Fund. 


of base in the water of scrum differs, however, 
slightly, but definitely, from that in the water of 
transudates or of red blood cells. Its relation to 
the concentration in other divisions of the body 
water has not been determined with sufficient ac- 
curacy to permit discussion. Whatever this may 
be, there is considerable evidence that a change of 
the concentration of base in any portion of the 
body water elidts changes of like direction and 
degree in all other portions. Klinghoffer (12) 
has shown that when water is added to human 
blood in vitro, the added water is redistributed 
almost immediately in such a manner that cell and 
serum water are increased nearly proportionally. 
Since it has been shown preriously that under 
these conditions no base traverses the cell mem- 
brane (13, 14), the inference that the base of 
cellular water falls nearly in direct proportion to 
that of the serum seems warranted. In similar 
experiments in which salts of sodium and potas- 
sium were added to blood, sufficient water was 
transferred from the cells to the senun to keep 
the concentration of total base per unit of water 
in cells and senun approximately equal (14). 
When urea or glucose solutions were added to 
blood, the w'ater of cells and of serum increased 
nearly proportionally, the added solutes distribut- 
ing themselves evenly throughout all the water 
present, without any exchange of base between 
cells and serum (12). When h>’pertom‘c solutions 
of sucrose, to w'hich the cell membranes are im- 
permeable, were added, on the contrary', water 
was drawn from the cells, and the concentration 
of base in the water of the cells rose above that 
in the water of the senun (12). These findings 
are in accord with the theory of osmotic pressure 
which demands that only' those solutes to which 
the cell membrane is impermeable exert an os- 
motic influence upon the distribution of rvater be- 
tween cells and serum. In the body the total 
electrolyte concentrations can be measured by the 
concentrations of the inorganic bases which are 
apparently unable to traverse cellular membranes 
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and make up the major portion of the osmotically 
effective substance of the fluid media. Changes 
in the concentration of base in any portion of the 
body water should, then, be compensated by like 
changes in the other portions, if osmotic equilib- 
rium is to be maintained. In several experiments 
after large changes in the concentration of base 
in the serum of man in vivo, the volume of water 
in the cells has changed proportionally in the op- 
posite direction (15), conforming to the results 
of the in vitro experiments cited above. There 
is no direct evidence that the concentration of base 
in the water of tissues other than the red blood 
cells varies directly with that of serum, but from 
theoretical considerations one would expect this 
to be true if the isotonicity of the body fluids is 
to be maintained, unless non-electrolytes to which 
the membranes are not permeable are quanti- 
tatively significant or unless there is change of 
pH and hence of base bound by protein. Schech- 
ter (16) and Schechter, Cary, Carpentieri and 
Harrow (17) have found that, following the in- 
traperitoneal injection of various fluids in dogs, 
there is a fairly rapid redistribution of water and 
electrolytes so that the peritoneal fluid approaches 
the relationship to serum which is ordinarily 
found to exist between transudates and serum. 
In similar experiments, Yannet and Harrow (11) 
found that measures which changed the concen- 
tration of base in the serum caused inverse vari- 
ations in the size of the red blood corpuscles. 
Hirect analyses of whole blood and serum in these 
experiments showed that, with few exceptions, 
the actual amount of base in the cells remained 
unchanged, but that the changes of volume were 
sufficient to equalize the concentrations of base 
in the water of cells and serum. 

If it is true that changes of the concentration 
of base arc distributed over a large volume of 
fluid, even slight changes in concentration may be 
quite significant in attempts to relate balances of 
water and base. For example, in a subject weigh- 
ing 50 kgm., of which about 35 kgm. is water, a 
change of two millicquivalents in the concentra- 
tion of base would allow the gain or loss of 35 
X2 = 70 ni. Eq. of base without change in the 
volume of fluid in the body. Conversely, a change 
of 2 m. E<i. in the concentration of base, if this 
were originally 150 ni. Eq. per liter, would be 
produced bv a change in the volume of body fluids 


of 35 X = 0.467 liters without either gain or 

loss of base by the body. Such phenomena may 
explain the apparent lack of correlation between 
balances of water and base which have been ob- 
served occasionally in this laboratory and else- 
where. Even small changes of concentration can- 
not be dismissed from consideration in such stud- 
ies, as has frequently been done, merely because 
methods adequate to measure such variations have 
not been available. 


Total tvater exchange 

If base does tend to distribute itself throughout 
the fluid media of the body in definite and rela- 
tively constant proportion to water, it should be 
possible to estimate body water exchange from the 
balances and changes of concentration of base in 
serum by the following formula: 

WiBx + h = W 2 B 2 . (1) 

in which Wj and W, represent the volume of wa- 
ter in the body at the start and at the conclusion 
of the period of study, respectively; and Bo, 
the corresponding concentrations of Na -j- K in 
the water of serum ; and b, the net gain or loss of 
Na -}- K by the body. This equation may be 
written 


WiBi + b= BsCWi + AW), 

in which AW = W„ — Wj, or water exchange. 
Solved for AW, this becomes 


AW = 


b -f- WiAB 

B^ 


} 


( 2 ) 


in which AB = B^ — B,, the change of the con- 
centration of base in the water of tlie serum. If 
the concentration of base does not change, the 
equation is simplified to : 


AW = 


B 


( 3 ) 


which represents essentially Gamble’s method 0 
calculation. Na -j- K has been used rather than 
total base because the other bases, calcium and 
magnesium, are found in the water of the bod} in 
relatively small amounts and exert an o.smotic ci- 
feet that is small as compared with their acid 
combining power because they are bivalent an' 
partly in undissociated combinations with protci... 
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This is certainly true of scrum, transudates and 
red blood corpuscles. Tissue cells, however, con- 
tain a considerable amount of magnesium, neglect 
of which may conceivably introduce error into cal- 
culations. In prolonged fasting (3, IS) the ratio 

yijT , . . 

v; in the excreta, expressed in milhmols, 

K -f Mg 

is almost identical with that in muscle, 0.097 (4). 
It is, therefore, possible that ten per cent of the 
osmotic effect of the base of cells is contributed 
by magnesium. In the one experiment here re- 
ported in which magnesium balances were deter- 
mined the largest change noted was a retention 
of 12 millimols in a four-day period. 

Equation 2 can be solved for total water ex- 
change providing a value for the initial volume of 
fluid, Wj, can be found. It has been customary 
in metabolic work to assume that approximately 
70 per cent of the weight of the body is water. 
The water content of normal rats, rabbits and 
dogs has been found by direct analysis to approxi- 
mate this value (19, 20). Iileasurements of os- 
motic changes in the serum following the injection 
of hypertonic salt solutions by Hetherington (21) 
indicated that on the average 59 per cent of the 
body weight of cats was composed of water which 
was available as solvent. It should be possible, 
in short studies on subjects in whom large changes 
of body water and base are induced by various 
measures, to determine the initial volume of fluids 
from Equation 2 by assuming that observ'cd 
changes of body weight represent v/ater exchange. 
This unfortunately has not proved of value be- 
cause the changes in concentration must be ex- 
tremely large to overbalance anahiical errors. 
In a single experiment with forced urea feeding, 
the urea was found to distribute itself through 
approximately 70 per cent of the body weight of 
a normal subject (22). In the calculation of wa- 
ter exchange by Equation 2, the initial water con- 
tent of the body will be taken to be 70 per cent of 
the initial body weight, with the tmderstanding 
that this is merely an approximation, seiwing to 
correct only roughly for changes in the concentra- 
tion of base in the water of the body. 

Changes in the volume of extracellular fluids 

There is much evidence to support the view that 
almost all of the sodium of the body is confined 


to the extracellular fluids, and that the same is 
true of chloride, if the red blood corpuscles are 
excluded from consideration. This evidence has 
been summarized briefly by Peters (23). If this 
be true, extracellular water exchange (AE) may 
be calculated from sodium metabolism as follows : 


NaiEi -h = NajEz, 

where Naj and Na^ represent the average con- 
centrations of Na in e.xtracellular water at the 
beginning and at the end of the period of study; 
E, and E, represent the volume of extracellular 
fluids at corresponding times ; and represents 
the Na balance. By substituting Ej -{- AE for 
E; in the above equation, it may be solved for 
AE. 


AE = 


-f Ej(ANa) 
Na- 


(4) 


Likewise if the Cl of the red blood corpuscles is 
neglected, - 


AE = ^5L±Ei(^. 


( 5 ) 


• 

While it is knoum that the concentration of Na 
in the water of transudates is slightly lower than 
that of serum water and that of Q slightly higher 
(5, 6, 7, 8), changes in the concentration of either 
Na or Cl of serum are reflected in similar changes 
in their concentrations in transudates. Little er- 
ror will therefore be introduced into the calcula- 
tions if, for the average concentrations of Na and 
Cl in extracellular water, their respective concen- 
trations in serum water are used. A single un- 
known, Ei, remains. 

Theoretically if Equations 4 and 5 are both ac- 
curate expressions of extracellular water ex- 
change, it should be possible, by equating the tv.'O, 
to solve for the initial volume of these fluids. 


- If 7 per cent of the body weight is assumed to be 
blood, with a cell voltnne of 40 per cent and cell wafer 
of 70 per cent, the water of the red blood corpuscles be- 
comes 7 X 0.4 X 0.7 = 2 per cent of the body weight. 
The concentration of chloride in this water is consider- 
ably lower than that in the serum water (approximately 
75/110), and if other factors remain constant, changes 
of concentration occur in the same ratio. On the basis 
of the above values, the red blood cells of a 50 kgm. 
man contain only about 75 m. Eq. of Cl, an insignificant 
amoimt in comparison with the Q of the interstitial 
fluids. 
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Practically this procedure has been impossible be- 
cause errors well within the limits of analytical 
accuracy may prove of overwhelming significance. 
It is possible that in experiments specially planned 
to produce large discordant changes in the con- 
centrations of Na and Cl this method may yet 
prove feasible. From the values for base in 
muscle, obtained by Katz (4), by assuming that 
all the Na is contributed by interstitial fluid, it 
has been calculated that extracellular water made 
up 20 per cent of the muscle weight (23). These 
figures are corroborated by recent analyses of dog 
muscle made by Hastings (24). Eggleton (25, 
26) has shown that certain solutes diffuse through 
all the water of the frog muscle, while other sub- 
stances diffuse through only 20 to 30 per cent of 
the water of vital frog muscle, presumably the 
extracellular portion. After rigor mortis has set 
in this selective permeability disappears. Cran- 
dall and Anderson (27) have found that after the 
intravenous injection of NaCNS, the CNS radical 
distributes itself through approximately 24 per 
cent of the body weight of normal man. These 
authors suggest this procedure as a measure of 
the “ state of hydration ” of the body. In tissues, 
analyses revealed little enough CNS to be attrib- 
uted solely to the interstitial fluid included with 
the cellular substance. It seems probable, then, 
that this procedure measures roughly the volume 
of the interstitial fluids plus the water of the red 
blood corpuscles. If this is true, the extracellular 
fluid volume in their series would be about 22 per 
cent of the body weight. The salt was found to 
enter the gastro-intestinal secretions so that if any 
appreciable amount of these secretions were 
formed during the experiments, the true value for 
the volume of extracellular fluid would be even 
lower than this. Preliminary studies of the dis- 
tribution of intravenously injected sucrose in man 
conducted in this Department indicate that the 
volume of the interstitial fluids normally approxi- 
mates 20 per cent of the body weight. It seems 
ju.stifiable, on the basis of the foregoing evidence, 
to use as a rough approximation of extracellular 
fluid volume in Equations 4 and 5, 20 per cent of 
the body weight. The results of the calculations 
are but little altered if 15 or 25 per cent is used 
instead. 

The data from 10 experiments conducted in 
this Department are available for evaluation of 


the formulae described for the study of water 
exchanges. These data are suitable for this pur- 
pose because they satisfy the following criteria 
(except in the last two experiments which will be 
discussed separately) : 

1. The body tissues presumably changed little 
because the food taken approximated the energy 
requirements. 

2. Water exchanges were sufficiently large to 
permit the assumption that, within the requisite 
limits of error, water exchange was equal to the 
change of body weight. 

3. Digestive disturbances were absent. Diets 
were completely taken except in Experiments 7 
and 8 in which a little food was refused. No food 
or fluids had been taken for at least 8 hours be- 
fore the start or end of an experiment. 

4. There was no evidence of sensible perspira- 
tion. 

EXPERIMENTAL PROCEDURE 

No food, drink or medication was given for at least S 
hours, and usually 12 hours, before a period of study was 
started or concluded, except in the subjects with uncon- 
trolled diabetes insipidus in whom water was withheld 
for a shorter period. The subject was weighed at the 
beginning and at the end of each period of study. A silk 
balance capable of weighing ± 5 grams was used. Blood 
for analysis was drawn before the first and after the sec- 
ond weighing in experiments consisting of only one pe- 
riod. When an experiment comprised more than one pe- 
riod, blood drawn was included in the output for the 
period in which it was drawn in the calculation of bal- 
ances and insensible perspiration. Urine voided just be- 
fore the first weighing was discarded; all the subsequent 
voidings, including one just prior to the second weighing, 
were combined for analysis. Carmine capsules were used 
to separate the stools. Salt-poor mixed diets were pre- 
pared in the diet-kitchen except in Experiment 5, iri 
which the diet consisted only of weighed portions oi 
milk, cream, shredded wheat, sugar and salt. In Experi- 
ments 6 and 8, the diets used in each period were identi 
cal in all respects, thus decreasing the possibility of error 
through variability of diets. 

In experiments on diseased subjects, detailed supervi- 
sion was required to insure the collection of all excreta 
and the accurate measurement of all ingesta. No pains 
were spared to gain the cooperation of ‘patients, nurses 
and orderlies. Water was supplied from the l.iborator> 
in weighed thermos bottles. The subjects’ taste; were 
consulted before preparing the diet in order to lessen t •- 
probability of refusals. Corrections for the^ 
amounts of food refused by the subject of Experiment - 
were made by the use of the tables of Sherman (2i)- ^ 

Experiment 7, food equal to that refused was rem.jve'. 
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from the diiplicntc diet before it was prepared for analy- 
sis. The vomitus present in Experiment 10 was analyzed 
for electrolytes. Parenteral fluids, used only in Experi- 
ments 9 and 10, were weighed, and portions saved for 
analysis. Urine was collected at the bedside in a three 
liter bottle containing a cn'Sttil of thymol and about oiic 
gram of solid l>cnzoic acid. Stools were immediately 
sent in the bed pans to the I.aboratory refrigerator. All 
stools were weighed, but those prcccrling the appearance 
of the carmine were not s.ivcd for analysis. About 100 
grams of water and about 2 grams of benzoic acid were 
added .as preservatives to the stools after they had been 
weighed. The mixture was kept in the refrigerator. 

Anaerobic precautions were observed in collecting 
blood for analysis. Serum was obtained from blood 
clotted under oil. Protein was determined by the macro- 
Kjcldahl method svith the aid of superoxol in the diges- 
tion; chloride by the method of Van Slyke as modified 
by Eisenman (29) ; sodium .and potassium by the meth- 
ods of Barber and Kolthoft (30) and Shohl and Bennett 
(31) respectively, with the modifications described by 
Hald (32) ; total base by a modification of the method of 
Stadie and Ross (33), with titration of the precipitate, 
except in Experiment 8 when the gravimetric procedure 
of Hold (32) was employed. In the shorter experiments, 
the sera were analyzed together at the end of the experi- 
ment, thus eliminating the effect of variable blanks and 
reagents on the comparability of the analytical values. 

Urine N was determined by the macro-Kjeldahl 
method; urine Cl by the Harvey modification (34) of 
the Volhard method; Na and K by methods similar to 
those used for serum (to be published). A generous 
portion of the urine, including some of the solid benzoic 
acid contained in it, svas saved in a glass-stoppered bottle 
m the refrigerator to provide for repetition of analyses 
It these proved necessary. Urine so preserved u-as found 
to have an acid reaction and an unchanged chloride con- 
centration after one month. 

The stools from each period v.'ere transferred with the 
aid of water to a weighed wide-mouthed three liter bot- 
tle, mixed for an hour with a mechanical stirrer, weighed, 
and a portion saved for analysis. Weighed aliguots were 
analyzed for Q by the method used for serum; Na and 
K by the methods described for urine; and N by the 
Kjeldahl method with the aid of superoxol in the diges- 
tion. In the later experiments wherever K was present 
in excess of Na, as was the case in all of the diets, most 
of the stools and some of the urine specimens, Na was 
determined after K had been removed with chloroplati- 
nate as described by Hald (32). 

Duplicate diets prepared in the diet kitchen were 
'weighed. The fluid portions were transferred to a wide- 
mouthed 3 liter bottle. The remainder, after it had been 


passed through a meat-grinder, was added to the fluids 
The whole was mixed with a mechanical stirrer for ai 
hour, and a portion, to which about 1 gram of benzoii 
acid was added, was saved for analysis. Weighed ali 
guOiS were analyzed by the methods described for stools 
It being assumed that the aliquots so obtained were repre 


sentativc of the entire original weight of the diet, this 
weight being therefore used in the calculations. On one 
occasion, when the diet was reweighed in the mixing bot- 
tle at the end of the procedure, it was found to have lost 
exactly one per cent of its original weight. The effect 
of this loss is insignificant, particularly since it probably 
has approximately the same composition as the whole. 
An alternative method of preparation, in which the 
containers and grinder were washed quantitatively 
with water and the entire mixture weighed before ali- 
quots were taken, gave almost identical results in the 
one instance in which the comparison was made. The 
uniformity of the food mixture has been repeatedly as- 
certained by analyses of aliquots taken from the fop 
and bottom of the mixture. Nitrogen analyses on diets 
so prepared usually give results 5 to 10 per cent higher 
than the values predicted from the diet tables. This may 
be due to the fact that nitrogen may be lost by volatiliza- 
tion if materials are dried preparatory to analj-sis, the 
procedure employed for most of the analyses from which 
the tables were compiled. The essential correctness of 
our analytical values for N of food is confirmed by the 
exact balances which have been obtained in prolonged 
studies of normal individuals with constant adequate in- 
takes. The diets usually used in these experiments con- 
tained of the order of 60 m. Eq. of Cl, £0 m. Eq. of Na 
and 100 m. Eq. of K daily. The constantly noted excess 
of Cl over Na gave rise to some misgivings. The results 
of Cl analyses by the method of Sunderman and Wil- 
liams (35), however, agreed with those obtained by our 
method, and the values for sodium plus potassium deter- 
mined separately checked satisfactorily with those se- 
cured by their determination as combined sulfates. It 
was found that analyses for Na and K in excreta and 
ingesta jaelded more consistent and generally higher re- 
sults when small aEquots (about 5 grams) were ashed 
than when larger aliquots were used. Because of the 
diflicult}' of completely ashing the larger ab'quots em- 
ployed earlier (20 to 40 grams), these ions v,-ere probably 
lost by volatilization or incompletely recovered. Ev us- 
ing small aliquots and observing ail the precautions de- 
scribed by Hald, it is felt that accuracy v.-ithin ±3m. Eq. 
daily may be attained in the determination of either Na 
or K of the urine or food, although a greater error un- 
doubtedly was present in the earlier experiments v.'hen 
the methods were as yet poorly developed. It has been 
possible to reproduce diets which vary only sb'ghtly in 
the amounts of Na and K which they contain. 


EXPERIltENTAL SUBJECTS AND TEE-tTilENT OF 
EXPERIMENTAL RESULTS 

The subject of Experiment 1 was a malp vrith 
hypertension who, during the experimental period 
of 8 daj's, gained 490 grams in weight spontane- 
ously. The subjects of Experiments 2 and 3 pre- 
sented the nephrotic sj-ndrome. The former had 
a spontaneous diuresis during the experimental 
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period of 4 days. In the latter water storage was 
induced by the administration of sodium chloride. 
The subject of Experiments 4 and 5 was a normal 
male. In the first experiment a slight water loss 
was induced by the administration of 40 grams of 
urea daily. In the second, marked dehydration 
was produced by the administration of 180 grams 
of urea with limited fluid intake during the first 
24-hour period, and rehydration was partially ac- 
complished during the second period by the ad- 
ministration of added water and salt. The sub- 
jects of Experiments 6 and 7 were patients with 
diabetes insipidus who were allowed water ad 
libitum. In Experiment 6,® the same low-salt diet 
was given in each period. During the first period, 
0.5 cc. of pituitrin was given three times daily; 
during the second no pituitrin was given. In Ex- 
periment 7 the diet was approximately the same 
each day except that added salt was given during 
the last 2 periods. One cc. of pituitrin was given 
four times daily during Periods 2 and 5. The 
subject of Experiment 8 had rheumatic heart dis- 
ease with moderate cardiac decompensation and 
rheumatic nephritis with marked renal insuffi- 
ciency, Large amounts of water were admin- 
istered in both periods. The food was identical 
during the 2 periods, but 35.5 grams of NaCl 
were given in addition to the diet during the sec- 
ond period. 

Results with the method of Newburgh and 
Johnston for the determination of water exchange 
of the body, which, it had been hoped, would serve 
as a check upon these calculations, proved disap- 
pointing (2). Under the conditions of the pres- 
ent experiments, in which diets approximate en- 
erg}"^ requirements and in most cases were taken 
for many days preceding the experiments, little 
error can be introduced by assuming that observed 
changes of body weight represent exchanges of 
fluid only. Where the periods are short and the 
weight changes large this is especially true. In 
Experiments 9 and 10, a more difficult situation 
exists. In the former, a girl of 17 years, with 
vomiting probably of neurotic origin, had retained 
verv little food for a week prior to the experi- 
ment. During the 40 hour experiment nothing 


3 For the cpportiinity to study this patient the authors 
.-ire indebted to Dr. Daniel C. Darrow, .Assistant Pro- 
fes-^or of I'cvliatrics. 


was given by mouth and no nausea or vomiting 
occurred. The food intake was restricted to 90 
grams of glucose and 33.3 grams of NaCI given 
parenterally. The patient was extremely coopera- 
tive and quiet. Because of the previous starved 
condition the metabolism must have been low and 
the glycogen stores probably suflFered little or no 
further depletion during the experiment. The 
urinary N indicated a protein metabolism of 60 
grams. The energy requirement of this small in- 
active subject would probably be more than cov- 
ered by the additional loss of 200 grams of fat. 
The error incurred by the assumption that water 
exchange equals the body weight change plus 
about 260 grams to replace the tissue losses must 
be very slight. The subject of Experiment 10, 
a patient with anuria resulting from a suicidal 
attempt with mercuric chloride, was given only 
saline and glucose solutions parenterally and wa- 
ter and sodium bicarbonate by mouth. During the 
second day of the experiment he felt somewhat 
nauseated and vomited once following the inges- 
tion of water, but during the remainder of the 
experiment, suffered no discomfort. During the 
3d and 4th days urine secretion was reestablished. 
The insensible perspiration, which varied widely 
from day to day, averaged 1504 grams per day. 
If the normal relationship between insensible loss 
and metabolism is assumed to exist, this would 
indicate a metabolism of over 3300 calories per 
day. A considerable depletion of glycogen must 
have occurred during this period of virtual starva- 
tion. At any rate it is reasonable to assume that 
a loss of over one kilogram, and not more than 
two kilograms of body tissue must have occurred 
during this 4 day experiment so that water gained 
must have exceeded the weight gained by that 
amount. 

PRESENTATION OF RESULTS 

The essential data are presented in Tabic I- 
The concentrations of Na, Cl and protein in tiic 
serum are given in all cases ; those of K and total 
base whenever they are available. The rcliabihtv 
of the base values in the first 4 experiments must 
be questioned on the basis of internal evidence and 
errors of chemical analysis w’hich were discovered 
later. The differences between Na and total base 
in the first and fourth experiments and in the rm.a. 
examinations in Experiments 2 and 3 arc too 
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TABLE I 
Essential data 


cest 

craber 


Date 

Dura- 

iha 



Co 

la fcn;ia 


Intake 


Oi 

ip:it 


Ka 

K 

Total 

I’W 

Cl 

Protein 

Water* 

K 


a 

B 

K 

Ka 

Cl 

N 




dtyi 

Ir-.. 

r.. Ki. 

n. 

n. E'j. 

r.. £V. 

yrr crr.i 

cezi 

«. J?7. 

n.Ei. 

n.E'j. 

frcr.f 

r.. 


n. f?. 

ffrer-f 

1... 

J. .McC. 

1930 

s 

erss 

139.6 

C.2 

1 17.7 

101-3 

■S'. 

93.4 

614 

675 

719 

29.0 

545 

663 

700 

69S 






140.0 

3-5 

147,0 

102.7 

CS.5 

93.7 










r.F. 

1930 

4 

t\2l 

12S.5 

C.S 

14.5-5 

105.5 

4.(V5 

05.7 

4S4 

191 

273 

S3S 

3J1 

3-13 

402 

74.0 





59.61 

135.0 

5,5 

14.U 

105.0 

4.15 










3... 

D.C. 

1931 

10 

C3J2 

13S.0 

5.S 

152.2 

105.1 

C.U 

91.0 

653 

1202 

1374 

92,2 

623 

1109 

1099 

63S 






139S 

5.4 

ms 

IMS 

5S3 

91.4 









4... 

P.L. 

1933 

6 

74.9:2 

143J1 

4.3 


101.6 

7 9T 

93.4 

411 

46-3 

525 

203S 

410 

47S 

£65 

157J3 





74.43 

113.7 



■UMll 

7,2.> 

93,4 









5... 

P.L 

1933 

1 

7S.90 

137,5 

4.C 


101.0 

6J5.3 

93.9 


42 

53 


83 

253 

2.55 





! 

77.03 

137S! 

4.C 


101.6 

7.19 

93S 

Hi 

370 

3i3 


93 

3S3 

215 






n.93 

139S 

IS 


IMS 

7.03 

93.6 









6... 

J.V. 

1933 


35SS 

139.9 



96.0 

sso 

92,5 

1.50 

69 

10! 

19S 

m 

67 

69 

16S 




n 

27,25 

129.9 



97,2 

7,50 

93-3 

150 

63 

101 

19S 

15! 

33 

94 

17J3 





2C.17 

130.1 



99.6 

S.l« 

92S 









7, . . 

M.C. 

1933 


73.19 

u7a 



117.0 

7Jil 

53.4 

130 

61 

87 

16.0 

S7 

93 

102 

20.7 




n 

74,54 

13S.S 



111.1 

6,S2 

93.7 

16.5 

CO 

91 

20J2 

13-3 

61 

8-5 

1S.0 




2 


130,2 



103.5 

6,27 

01.1 

ICO 

65 

90 

20.0 

m 

123 

194 

20.1 





74.15 

139S 



112.1 

6.9.5 

93.6 

67 

syj 

319 

10.9 

07 

130 

146 

10X> 




1 

74,25 

142,2 



H4.Q 

6.78 

93S 

72 

331 

356 

10.4 

69 

150 

127 

g.4 





77,44 

133.1 



107.4 

SSI 

91.4 









S... 

J.M 

1933 

i 

19S0 

126.4 

la 

137.0 

99.1 

5.35 

9IS 

253 

205 

237 

41.0 

172 

2.54 

231 

31S 




4 

EieI 

119.4 

5.3 

132.1 

9).< 

5.51 

91.7 

251 

S13 

&!5 

41JJ 

147 

1S.5 

219 

29.7 





51.41 

12S.7 

S.7 

ms 

10S.6 

5,66 

91.6 







*■ 


9.. 

P.C. 

1933 

IS 

lOS 

I2S.0 



S3,7 

8.72 

92.1 

Ha 

570 

570 

0 

27 

25 

6 

30.! 





49.7 

133S 



9SS 

6.09 

9!S 









10,. 

r.T. 

1933 


65.91 

I2I.0 

6S 

132.9 

01.6 

5J9 


HJ 

032 

£2S 

0 

63 

321 

33-3 

4,2 





67S9 

126.6 

6.1 

130,3 

93S 

5.66 

91.6 

■ 









_ * Serutn water n-as not determined but was calculated from scrum protein by the formula 98.57-0.709 (Protein), 
denved statistically by Eisenman and Peters (44). 


small to allow for the expected amounts of bases 
other than Na. This is probably due to the fact 
that in precipitating the sodium salt in the early 
experiments as little water as possible was used 
in dissolving the ash instead of the fixed propor- 
tion of water to reagent recommended by Kolt- 
hoff, thus yielding results for Na which were too 
high. In Experiment 1 there must be an error in 
the K anatyses since the wide variation is at odds 
with the constancy of Na, total base, and Cl. In 
Experiment 2, a large rise in Na occurs without 
any comparable rise in total base. In the third 
experiment, the observed decreases in Na and to- 
tal base are disproportionate. In the remaining 
experiments, errors in the determinations of ei- 
ther Na or Cl greater than 1 m. Eq. per liter are 
improbable. In all of these the sura of the deter- 
mined concentrations of Cl, CO, and protein in 
the serum, expressed in terms of base-combining 
powers, were used to check the observed changes 
of concentration of base. In Experiments 7, 8 
and 9^ osmotic pressure, determined by Dr. A. 
Gilman of the Department of Pharmacolog}% was 
found to vary’ proportionally to base. In Experi- 
ment 8, the complete system of base analyses was 
performed. The results are presented in Table II. 


TABLE rt 

Data on serum from Experiment 8 


Serum 

Ka 

K 

Na*fK 
as ^4 

Ca 

ilg 

Sum of 
te-ses 

Total 
base as 
EOt 


m. Eq. 

m. Eq. 

tn. Eq. 

m. Eq. 

m. Ea. 

m. Eq. 

■m, Eq. 

1 

126.4 

4.3 

130.1 

4.4 

1.4 

136,5 

137.0 

2 

119.4 

5.3 

123.5 

3.7 

1.8 

130.2 

132.0 

3 

128.7 

5.7 

134.2 

3.4 

1.9 

140.0 

I4I.3 


The recorded outputs of electrohdes and N 
neglect any loss which may occur through the 
skin and lungs. Loss of N through these avenues 
is negligible even when moderate sweating occurs. 
That appreciable loss of electrolytes may occur 
through sweating is admitted. Sensible perspira- 
tion did not occur in any of these experiments, 
however. There is much evidence to shovr that 
under these conditions electroljTe loss through the 
skin is negligible. The chloride of urine and stool 
has been found to approximate very' closely that 
of the intake in a prolonged study on a normal 
subject who avoided sweating (36), thus making 
it improbable that the insensible perspiration con- 
tained appredable amounts of Q. Hancock, 
Whitehouse and Haldane (37) were able to re- 
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cover only 0.09 gram Cl and 0.08 gram K from 
the washings of the skin of a normal subject who 
had not bathed for one week, but who had not 
sweated sensibly nor been , exposed to warm 
weather. From this, and from further experi- 
ments in which variable amounts of sweating 
were induced, these authors concluded that, when 
the loss of water through the skin is small, the 
water passes through the skin by osmosis without 
the intermediation of the sweat glands, and the 
small amount of electrolyte lost is derived from 
epidermis or from the sebacious secretions. 
Viale (38) could recover no appreciable amount 
of Cl from the skin of the arm at rest until the 
temperature was raised, thus presumably calling 
the sweat glands into play. Vasti (39) applied 
strips of smooth white paper to the washed skin 
of normal human subjects for a few minutes. He 
then dipped the paper in 10 per cent silver nitrate 
and exposed it to the sunlight. By this method 
the passage of even minute traces of Cl through 
the skin may be detected. Although loss of water 
from the skin area could be demonstrated in every 
case, punctate brown stains, presumably marking 
active sweat glands, were found in only 5 in- 
stances. In these the insensible perspiration was 
18 to 72 per cent above the average. It seems rea- 
sonable to conclude that where the sweat glands 


are inactive, perspiration occurs only through 
evaporation of water from the superficial layers 
of the skin which is continuously renewed from 
below by the resulting - osmotic gradient. This 
entails no loss of salt. Under the conditions of 
our experiments, the activity of the sweat glands 
must have been minimal and loss of electrolytes 
through the skin may be neglected. 

In Table III the data are presented in a form 
which is more convenient for the calculation of 
water exchanges. The balances of Na -j- K, Na 
and Cl are recorded as 6, and bci respectively. 
The concentrations of electrolytes in the water of 
serum recorded to the nearest milliequivalent, are 
obtained by dividing the observed concentrations 
by the water content of the serum. Finally 70 
per cent of the initial body weights are recorded 
as Wi ; 20 per cent as E^. These approximations 
of the initial volumes of the total and the extra- 
cellular water of the body have been used in the 
calculations for reasons previously discussed. 

In Table IV are presented the results of calcu- 
lation of the water exchanges in these experiments 
by the formulae proposed above. Total water ex- 
change (AW) is calculated from base metabolism 
with and without correction for changes of con- 
centrations by Equations 2 and 3 respectively. 
The observed changes of body weight are also 


TABLE III 


Data presented for ease in calculation of water exchanges 


Electrolyte balances 


Concentrations of electrolytes in serum water* 


Experi- 

ment 

Subject 




b 

^Na 

*C1 


B, 

AB 

Nai 

Nas 

ANa 

Ch 

Ch 



m. E(i. 

in. Ell. 

m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

1. .. 

T. McC. 

81 

12 

19 

156 

156 

0 

150 

150 

0 

112 

110 

2... 

P. F. 

-49 

-149 

-129 

141 

148 

-7 

134 

142 

-8 

113 

no 

3 . . . 

D. C. 

218 

183 

275 

153 

151 

2 

147 

145 

2 

113 

112 

4. . . 

P. L. 

19 

-12 

-40 

158 

161 

-3 

153 

156 

-3 

109 

109 

5... 

P. L. 

-217 

-211 

-203 

151 

152 

-1 

146 

147 

-1 

111 

109 



168 

196 

172 

152 

154 

-2 

147 

149 

-2 

109 

111 

6... 

J. V. 

38 

2 

35 

145 

144 

1 

140 

139 

1 

104 

104 



30 

34 

10 

144 

152 

-8 

139 

147 

-8 

104 

107 

7 . . . 

M. C. 

22 

-41 

-15 

163 

153 

10 

158 

148 

10 

125 

119 



8 

-24 

6 

153 

143 

10 

148 

138 

10 

119 

no 



-42 

-58 

-95 

143 

154 

-11 

138 

149 

-11 

110 

120 



146 

176 

173 

154 

157 

-3 

149 

152 

-3 

120 

122 



184 

181 

229 

157 

146 

11 

152 

141 

11 

122 

114 


J. M. 

31 

-49 

6 

138 

132 

6 

133 

126 

7 

105 

101 



729 

625 

626 

132 

142 

-10 

126 

136 

-10 

101 

115 

0 . . 

I'. C. 

518 

545 

564 

139 

142 

-3 

139 

142 

-3 

91 

104 

10. . . 

I'. T 

546 

611 

492 

135 

140 

— 5 

128 

134 

-6 

97 

101 


ACI 


W. 


El 


m. Eq. 

m. Eq. 

2 

47 

3 

43 

1 

44 

0 

52 

2 

55 

-2 

54 

0 

19 

-3 

19 

6 

51 

9 

52 

-10 

54 

-2 

52 

8 

52 

4 

35 

-14 

36 1 

-13 

32 1 

-4 

47 j 


m. El- 

14 
12 
13 

15 

16 
15 

5 
, 5 
15 

15 

16 
15 
15 
10 
10 
9 
13 


* 'i'hc elev’t rol vtc concent rat ions in scrum water .are c-alculated by dividing determined serum electrolyte cone • 
by scriitn water content, .and rcarordin-.: the results to the nearest unit. A constant value has been assume 
ivijtafsium when it was not determined by analysis. 
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TABLE IV 


Hc/cr exchanges ealeuJaied by various methods 


Eipcri- 

nent 

rum- 

Subject 

Tolnl water 
exchange 
from 

Body 

WClKtlt 

ch-unKc * 

E-ximccHuI.-ir 
water cxchancc 
<<1E) from 

DLijcnosts 

IntaJte 

Ifedicatiaa 

i -i-AB 
(Eq. 2) 

h 

(Eq.S) 



H:0 

Salt 



ken. 



k£r:. 

k:r:. 



mm 


1 .. 

J. McC. 

0.52 

BEl 


0.03 

0.42 

H>*pcrtcnsion 

Not restricted 


0 

2 

P. F. 

-2,36 

im 

-1.67 

-1.72 

-0,85 

Nephrosis 

«i »• 


0 

3 ,, 

D. C 

2.03 


1,81 

1.44 

2.57 

Nephrosis 

** •» 


0 

4 .. 

P. L 

-O.SS 

0.12 

-0.4!l 

-0.37 

-0.37 

Normal subject 



Urea 40 grams daily 

s .. 

P.L 

-1.79 

-1.43 

-1.S7 

-1.54 

-1.57 

Restricted 


Urea ISO crams 



0.39 

1.09 

0.S9 

1.12 

1.28 

•t «« 

Forced 

4* 

0 

6 .. 

J.V. 

0.40 

K 7M 

0.40 

0.05 

0.34 

Diabetes insipidus 

Not restricted 

— 

Pituitrin 



-O.SO 

1 tm 

-l.ll 

-O.Ol 

-0.05 


0 

7 . . 

.\f. C. 

3.48 


1.03 

0.74 

0.63 

•• •* 

** i» 


0 



3.69 

1 

1.76 

0.91 

1.28 


*' •» 


Pitixitrin 



-4.13 


-2.15 

-1.57 

-2.12 




0 



-0.06 

0.93 

0.10 

0.S6 

1.17 


•• " 


0 



5.18 

1.26 

3.19 

2.45 

3.06 


M »» 

J. 

Pituitria 

s .. 

J. .M. 

1.S3 

0.24 

1.60 

0.17 

0.45 

Nephritis with fc>'per- 

Forced 


0 








tension 






2.60 

S.t3 

3.31 

3.86 

4.22 


** 


0 

9 .. 

P. C. 

2.97 

3,65 

3.50 

3,65 

4J0 

Psychoneurosis 



Parenteral fluids only 

10.. 

F.T. 

2.22 

3.90 

0.35 

3.98 

4.35 

Poisoning (HgCIi) 



Only water and 











NaHCOs ter os 


*_Except in the last 2 experiments, change of body weight is taken to represent fluid exchange only. For reasons set 
forth in the text, it has been assumed that the scatter gain exceeds the weight gain by 0.26 kgm. in Experiment 9 and by 
1 to 2 kgm. in Experiment 10. 


recorded. Total water e.xchange calculated from 
the metabolism of base by Equation 2 is in satis- 
factory' agreement in most cases with the observed 
weight changes. The most striking exceptions, 
noted in Experiment 7 , will be discussed later. 
In the first period of Experiment 5, aW calcu- 
lated by Equation 2 agrees almost exactly wth the 
loss of body weight; in the second period, how- 
ever, the calculated exchange is only 0.39 kgm. 
while the weight increases 0.89 kgm. If the 
change of concentration of base in the water of 
serum is assumed to be 1 m. Eq., instead of the 
observed 2 m. Eq., the calculated aW becomes 
0.74 kgm., which agrees closely with the gain of 
weight. Since analytical error of 1 m. Eq. is ad- 
mitted, the results in this experiment require no 
further explanation, but serve to reemphasize the 
effect of slight changes of serum base upon the 
relationship between base and water balance. In 
most of the experiments calculation of AW from 
base balances alone (Equation 3), without correc- 
tion for changes in concentration of base in body 
water, gives results which are much inferior to 
those obtained by the use of Equation 2 in which 
this correction has been attempted. The most 
striking exception to this statement occurs in Ex- 
periment 9 in which the average concentration of 
base throughout the body fluids appears to have 


remained fairly constant despite the change in its 
concentration in serum water. A possible ex- 
planation will be offered in the discussion. In 2 
instances. Experiment 4 and the second period of 
Experiment 6, there has been an actual storage of 
base which, when corrected for changes in con- 
centration by Equation 2, ydelds strongly negative 
values for AW which are in fair agreement with 
the observed weight changes. Too much stress 
should not be placed upon the quantitative agree- 
ment between the calculated water exchange and 
observed body weight changes in the first 3 ex- 
periments since it will be recalled that the values 
for serum base are unreliable. These changes are, 
however, at least in the proper direction to sup- 
port the validity of our concepts. Because the 
body weight changes can hardly be taken to repre- 
sent AW in Experiment 10, a different method of 
analysis must be used. Under the conditions of 
this experiment (v. s.) the tissue wastage could 
hardly have been greater than 2 kgm. or less than 
1 kgm. A body weight gain of 0.35 kgm. was 
noted. The water gain, then, must have been no 
more than 2.35 kgm., nor less than 1.35 kgm., 
which would require the retention of between 
2.35 X 140 = 330 m. Eq. and 1.35 X 140= 189 
m. Eq. of Na -{- KL Actually 546 m. Eq. were 
retained, leaving between 216 and 357 m. Eq. to 
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increase the concentration of base in approxi- 
mately 47 kgm. of body water by between 4.6 
and 7.6 m. Eq, per liter. The observed increase 
of base in the water of the serum was 5 m. Eq. 
per liter, thus supporting the contention that 
changes in the concentration of base in the water 
of the serum are reflected throughout the body 
water and that corrections for such changes must 
be made in calculating water exchange from base 
balances. 

Calculations of extracellular fluid exchange 
(aE) from Na by Equation 4 or from Cl by 
Equation 5 show remarkably good agreement in 
most instances. The large discrepancies noted in 
Experiments 2 and 3 are not to be taken too 
seriously because of the known analytical errors 
in these experiments. In several of the experi- 
ments the changes in the concentration of Na and 
Cl in the serum exert very appreciable effects on 
the calculation of AE. For example, in the sec- 
ond period of Experiment 6, both Na and Cl bal- 
ances were positive during a profuse diuresis. 
During the diuresis, however, the concentrations 
of these ions in the water of the serum increased 
more than could be accounted for by the amounts 
retained. Consequently the calculated values for 
AE are both slightly negative. In the first period 
of Experiment 5 the observed losses of Na and 
Cl were not proportional to their concentrations 
in the body fluids. Yet the observed changes of 
concentrations of these electrolytes in the serum 
were of such magnitude and direction that the 
values for AE calculated from both electrolytes 
are almost identical. In the first period of Ex- 
periment 8, the Cl balance was positive while the 
Na balance was negative. The observed changes 
in concentration are such, however, that calcula- 
tion of AE from either Na or Cl indicates a slight 
increase in the volume of extracellular fluids. 

DISCUSSION 

That the proposed formula (Equation 2) for 
the calculation of the total water exchange of the 
body is fundamentally sound seems probable from 
the results of these experiments. In most of the 
experiments the values derived from this formula 
are in satisfactory agreement with the observed 
changes of body weight. The exchanges so cal- 
culated are generally far superior to those calcu- 
lated from base balances alone (Equation 3). 


This implies the essential correctness of the as- 
sumptions made in the derivation of Equation 2, 
namely, that changes of the concentration of base 
in the water of serum are equalized throughout 
the water of the body and that this water makes 
up approximately 70 per cent of the body weiglit. 
The first assumption is true, of course, only if 
osmotic equilibrium between the various portions 
of the body fluids is established at the times when 
periods are begun and ended. This was probably 
not true in Experiment 7 which may explain the 
poor results obtained by Equation 2 in this case. 

In this experiment, the subject of which had 
diabetes insipidus, calculation of water exchanges 
gives absurdly high values. That the water of the 
body in this instance may have been considerably 
less than 70 per cent of the body weight is ad- 
mitted. With the extreme changes of concentra- 
tion noted in this experiment, the effect of error 
in this assumption on the calculations may be 
great. If instead of 70 per cent of the body 
weight, 50 per cent is used, however, the calcu- 
lated exchanges will still be unreasonably high. 
It is possible to speculate upon the mode of pro- 
duction of osmotic gradients of the proper direc- 
tion to reconcile the findings. The tremendous 
volumes and low salt concentrations of the urine 
of the diuretic periods are indicated in Table V. 
The excretion of such large amounts of water 
without appreciable amounts of salt should cause 
a rise in the concentration of base in the serum 
unless the water is constantly replenished by ab- 
sorption from the gastro-intestinal tract. If fluid 
intake is now restricted so that alimentary absorp- 
tion is eliminated, continued diuresis should result 
in a rise in the base of the serum so rapid that 
large gradients may be established between serum 
and tissues. Water was taken in large amounts 
during the diuretic periods of this experiment ex- 
cept for a few hours before the periods were 
terminated. Regardless of the changes of con- 
centration of base noted for the periods as a 
whole, then, it seems reasonable to infer that at 
their conclusion a rapid increase in the concentra- 
tion of base in the serum took place, in whici 
event a gradient of 3 m. Eq. between the v.'atcr 
of serum and tissues is not improbable. Values 
for the base of body fluids as a whole, assuming 
the above gradients, are given in column ^ 
Table V. Because the conditions at the start ot 
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TABLE V 


Additional data and calculations from Experiment 7 


Period 

number 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Urine 

Concentration of base in 

A\V from Equation 2 

AB derived from column 

Change of 
trefght of 
body 

Volume 

N'a 

Cl 

HrO cf fcnim 
(determined) j 

IfjO of body 
(assumed 
average) 

4 

s 


Him {'cr day 

r:. Gj. frr Itlrr 

ri. fer IHrr 

rt. 

n. Eq. 


ksm. 

Isn. 

i...i 

5.15 

9 

10 

163 


+3.48 


+1.08 

11... 

1.03 1 

41 

43 

153 i 

150 

+3.69 

+2.60 

+1.76 

111...’ 

5.39 

12 

18 

143 

143 

-4.13 

-3.14 

-2.15 

IV. . . 

7.74 

17 

19 

154 

151 

-0.06 

-0.06 

+0.10 

V... 

1.57 

96 

81 

157 

154 

+5.18 

+4.11 

+3.19 





146 i 

146 

1 

' 



Period 1 are not definitely known, no attempt has 
been made to assume a gradient at that time. No 
water was taken during the whole night previous 
to the conclusion of the pituitrin periods and di- 
uresis had not set in, so that no gradient need be 
assumed at these times. Total water exchanges 
recalculated b}’ Equation 2, using instead of the 
obsen-ed values for base in the water of serum the 
assumed values for base in bod}’ water as a whole, 
are presented in Table V, column 7. In each pe- 
riod the results so obtained approach more nearly 
the obseiA'ed changes of weight. While this dis- 
cussion is high!}’ speculative it calls attention to 
the possibility of the existence of osmotic gradi- 
ents within the body which may require considera- 
tion under certain conditions. The particular 
gradients assumed in this instance have no quanti- 
tative significance and are of directional signifi- 
cance only in so far as they rest on reasonable, 
though yet unproved, inferences concerning the 
physiological disturbance in diabetes insipidus. 
Experiments to demonstrate the actual nature of 
gradients under these conditions are contemplated. 
Attempts to locate the point of maximum gradient 
between the various body fluids must likewise be 
highly speculative. If tissue cells behave like red 
blood corpuscles, however, their adjustment to the 
immediatel}^ contiguous portions of the body 
fluids must be almost immediate. Likewise 
changes in the osmotic pressure of the serum must 
be transmitted very rapidly to the portions of the 
extracellular fluids immediatel}' adjacent to the 
capillaries. Redistribution of base throughout 
the many ramifications of the extracellular fluids. 


however, can occur only through diffusion which 
is presumably a relatively slow process so that the 
major portion of the gradient probably lies in the 
e.xtracellular fluids. To cite an extreme example, 
a large effusion which has contact with the capil- 
laries only over the pleural surfaces would be 
expected to adjust itself completely to changes in 
serum concentration very slowly. 

That the water exchange calculated by Equa- 
tion 3 is superior to that calculated by Equation 2 
in Experiment 9 has already been noted. There 
is a gain of about 3.75 kgm. of water, which in 
itself should require the retention of 3.75 X 142 
= 532 m. Eq. of Na-|-K. Actually only 518 
m. Eq. were retained, leaving no excess to in- 
crease the concentration of base throughout the 
body fluids to the same extent as it was observed 
to increase in the water of the serum. That is, 
either the osmotic pressure of the serum was 
higher than that of the cells at the end of the 
experiment or the osmotic pressure of the cells 
was increased by something other than accession 
of base. The alternative in this instance may lie 
in a change in the reaction of the body fluids. 
At the start of the experiment the CO, content 
of the serum was 86.9 volumes per cent as a result 
of previous depletion of Q through vomiting. 
At the conclusion of the experiment this had re- 
turned to the normal level of 65.3 volumes per 
cent. The shift in reaction in an add direction 
which presumably accompanied the fall of CO, 
would cause the cells to swell if the osmotic pres- 
sure of the surrounding interstitial fluid remained 
constant. It is possible that the rise in osmotic 
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pressure of this fluid indicated by the observed 
rise of serum base was equalled in the cells with- 
out change of concentration of base by a diminu- 
tion of the amount of base bound to protein which 
because of its large base-combining power is rela- 
tively ineffective osmotically. Changes of this 
nature are known to occur in red blood corpuscles 
when the reaction of the blood is changed. 

That the values for extracellular water ex- 
change calculated by Equations 4 and 5 are in 
good agreement in most cases has been noted. 
This lends support to the assumptions made in 
the derivation of these equations, namely that Na 
and Cl are distributed similarly through a re- 
stricted portion of the body fluids, probably the 
extracellular portion, that changes of the average 
concentrations of these ions in these fluids parallel 
those in the water of serum, and that the extra- 
cellular fluids comprise something of the order of 
20 per cent of the body weight. 

The volume of water in the cells is determined 
not only by the K balance but also by the total 
concentration of base in their environment, the 
interstitial fluids.^ If the concentration of base 
does not change, intracellular water exchange and 
K balance should parallel one another; or if the 
amount of K in the body remains constant, cell 
water must vary roughly in inverse proportion 
to the concentration of base in the water of serum ; 
or if both the K content of the body and the base 
concentration in its water vary, each of these 
changes will affect the intracellular water content, 
and their effects may lie in the same or opposite 
directions. Thus in Experiment 8, in spite of 
the fact that K was retained during both periods, 
the changes of base concentration were such that 
a marked gain of cell water must have occurred 
during the first period and a marked loss during 
the second period. This leads to a consideration 
of the K exchanges of the body. Transfer of 
base across the membrane of the human red blood 
cell has never been demonstrated either in vitro or 
in vivo. It seems reasonable to believe that the 


* The dhtribution of water between cells and scrum is 
presumably affected also by changes in the pH of the 
fluid media of the body. There is no knowledge of the 
quantitative aspects of this change. In only one of the 
present experiments, whidi has already been discussed, 
need this be considered, since in the others there were 
probably no significant changes of pH. 


red cell does not change its base content during 
its life in the circulation, in which case it must 
make its osmotic adjustments chiefly by changes 
in water content. As a consequence it is possible 
to cause hemolysis of these cells with ease in vitro 
by dilution of the blood with water or solutions 
of diffusible substances and with difficulty in vivo 
by extreme changes in osmotic pressure such as 
those occurring in severe water intoxication (40). 
The impermeability of other body cells must be 
facultative, however, as evidenced by changes in 
the K content of the body observed in balance 
studies. When marked storage or wastage of 
protein occurs, similar changes in K are usually 
noted. Large exchanges of K have been noted, 
however, in instances when the body is presum- 
ably in N equilibrium, for example the K loss 
noted in the diuresis produced by the adminis- 
tration of acidifying salts (41). Furthermore, 
K loss out of proportion to the loss of protein 
has been noted in diabetic acidosis (42), In both 
of these instances the excretion of K helps to 
combat excessive change in the reaction of the 
body by supplying base for the excretion of ab- 
normal accumulations of acids. This loss of cel- 
lular base also serves to prevent excessive swelling 
of the tissue cells which might result from the 
change of reaction of the tissues and in the latter 
case, from decrease of concentrations of extra- 
cellular base as well. Such excessive swelling 
might be detrimental not only from the standpoint 
of cellular function but also because it would 
serve to deplete further the already diminished 
volume of extracellular fluids. 

The ratio of the urine of Gambles 

nitrogen 

fasting children exceeded the same ratio in muscle 
water, as calculated from the analyses of 
(4). Gamble assumed that, for each gram of 
protein metabolized, a definite fixed amount of 
cellular water together with its potassium was 
freed. Potassium excreted in excess of that es- 
timated in this manner to. result from the de- 
struction of protoplasm he attributed to diminu- 
tion of cell water. He suggested that this diminu- 
tion might be the result of glycogen depiction. L 
has been shown above, however, that cellular 
water may vary over a wide range without an) 
change of the nitrogen or glycogen or even ot 
K balance as the result of a change in the o^mo ar 
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concentration of the body water as a whole 
through the addition or removal of water without 
base or of a change in the concentration of sodium 
in interstitial fluids, which necessitates an ex- 
change of water with the cells in order to restore 
osmotic equilibrium. The treatment accorded the 
data of these experiments presents compelling evi- 
dence in support of the objections previously 
raised (43) to tlie concept that cellular protein 
or gl 3 -cogen is assodated in such fixed proportion 
with water that the excretion of one inevitably 
entails the elimination of an equivalent amount 
of the other. 

Qianges in the calculated volume of extracel- 
lular and intracellular fluids may occur independ- 
ently of one anotlier and may even be in opposite 
directions. Thus, in the second period of Experi- 
ment 5, when the salt stores of the bodj’ have been 
restored to a greater extent than the water stores 
of the body, as indicated by the obser\’ed increase 
in the concentration of base in body water, the 
calculated gain of extracellular fluid exceeds the 
total gain of water by the body. That is the vol- 
ume of interstitial fluid has gained not only from 
exogenous sources but also at the expense of the 
cells, which have jnelded water in the reestablish- 
ment of osmotic equilibrium. In Experiment 6, 
when pituitrin was withdrawn, in the second pe- 
riod, a profuse diuresis resulted during which 36 
m. Eq. of Na were retained and the concentration 
of sodium in the water of serum increased 8 m. 
Eq. per liter. Calculation of water exchanges 
indicates that the entire diuresis has occurred at 
the expense of the cells, which, bj’’ jdelding water, 
raise their osmotic pressure, without accession of 
K.J to the new level established in the serum. 
During the first period of Experiment 8 there was 
a gain of 1.60 kgm. in weight and a calculated 
gain of 1.83 kgm. of water without significant 
change in the Na and Cl balance of the body, and 
with a marked decrease in the concentrations of 
these ions in the serum. Calculation of aE by 
Equations 4 and 5 yields values of 0.17 and 0.45 
kgm. respectively. That is, the major portion of 
the water gain occurred in the cells which, by 
swelling, had adjusted their osmotic pressure to 
the lowered level established in the interstitial 
fluids. In the second period, water balance was 
again positive but sufficient Na and Cl were re- 
tained to supply all the retained fluid, and in 


addition to increase the concentrations of these 
ions in the interstitial fluids. Apparently the base 
concentration in the cells was increased b}* the 
surrender of water to tlie interstitial fluids, the 
volume of which, therefore, increased from both 
exogenous and endogenous sources. The calcu- 
lated values for AE are 3.86 and 4.22 kgm. re- 
spcctivelj’’ bj' Equations 4 and 5 while AW calcu- 
lated from Equation 2 is onlj* 2.60 kgm. and bodj' 
weight gain was onl 3 - 3.31 kgm. 

Changes of the concentrations of serum pro- 
teins in the shorter experiments probably' occurred 
only through changes of senun volume and can 
consequentl 3 ' serv'e as a measure of the latter. 
This is not true, of course, in conditions such as 
mercury' poisoning, in which large amounts of 
protein may be lost from the circulation. The 
e.xchange betiveen serum and the remainder of 
the interstitial fluids is not directly' affected by' 
electroly-te changes since the capillaries are freely' 
permeable to electroly-tes. Therefore changes in 
serum volume and the volume of interstitial fluids 
need not parallel one another. In Experiment 9 
a large gain in extracellular fluid volume was 
accompanied by a proportional fall of serum pro- 
tein. However, large gains of extracellular fluid 
volume occurred in the second periods of Experi- 
ments 5 and 8 without any significant changes of 
serum protein, and, therefore, presmnably of 
serum volume. When pituitrin was given, the 
blood volume increased markedly in these experi- 
ments. In Experiment 6, the serum proteins fell 
from 8.50 to 7.50 per cent when pituitrin was 
given, indicating an increase of approximately 13 
per cent in serum volume. During the same time 
the volume of extracellular fluids increased only' 
0.34/50= 7 per cent of the original volume. A 
much more striking disparity occurred in the 
second period of the same experiment when the 
serum volume fell markedly without any' signif- 
icant change in extracellular fluid volume as cal- 
culated from the metabolism of either Na or Q. 

SUlIilAPA' AND CONCLUSIONS 

Formulae have been derived for the calculation 
of total water exchange and extracellular water 
exchange from changes in the electrolytes of the 
body. These formulae have been tested by ap- 
plication to experimental studies in man. 

Exact quantitative accuracy is not claimed for 
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the methods of calculation of water exchange pre- 
sented in this paper. They serve, however, to 
throw some light upon the mechanisms of fluid 
exchange between the various compartments of 
the body fluids as well as between the body and 
the environment. 

The results of the experiments, moreover, tend 
to confirm certain assumptions which have been 
made concerning the distribution of the bases and 
chloride in the body. These are; 

1. That the concentration of total base through- 
out all of the water of the body is approximately 
alike and that change of the concentration in any 
portion of the water is equalled in all other por- 
tions. 

2. That Na is almost entirely confined to the 
extracellular portions of the water of the human 
body and that the same is true of Cl with the 
exception of the small amount of Cl present in 
the red blood corpuscles. 

3. That the total water of the human body com- 
prises approximately 70 per cent, and the extra- 
cellular portion 20 per cent, of the body weight. 

That extracellular and intracellular fluid vol- 
umes may vary independently of each other and 
of blood volume has been indicated. 

It has been suggested that in certain excep- 
tional conditions gradients of osmotic pressure 
may be' set up between serum and tissues and that 
changes of reaction of the body may distort the 
normal relation of base to water in the cells and 
interstitial fluids. 
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Considerable attention has been given the rela- 
tion of body -water to the metabolism of fixed 
base. Gamble, Ross and Tisdall (1) have pointed 
out that loss or gain of sodium is usually accom- 
panied by an increase or decrease in extracellular 
water sufficient to keep the extracellular sodium 
constant in concentration. Furthermore, since 
nearly all of the potassium of the body is intra- 
cellular and variations in the concentration of 
potassium in serum are relatively small, a loss or 
gain in potassium is usually accompanied by an 
increase or decrease in cellular water sufficient to 
keep the osmotic pressure of cellular fluid in equi- 
librium with that of blood plasma. These authors, 
have estimated the probable loss of water from 
intracellular and extracellular spaces which ac- 
companies the losses of sodium and potassium 
during starvation. Gamble, Blackfan and Hamil- 
ton (2) have described the probable mechanism 
of the diuretic effect of acidifying salts by similar 
reasoning. Analogous studies have been made in 
diabetic coma (3) and infantile diarrhea (4). 
Since such studies are based on the premise of 
a parallel loss of water and electrolyte, they do 
not take into account the redistribution of body 
water which must take place when electrolyte is 
lost or gained without a corresponding loss or 
gain in water. The present study describes the 
changes in concentration of water and electrolyte 
in serum and erythrocytes when the amount of 
extracellular electrolytes is altered with little 
change in total body water. The probable shifts 
of body water which explain these changes are 
discussed. 

The experimental procedure used to produce 
variation in extracellular electrolyte without sig- 
nificant alteration in total body water is based on 
experiments described by Schechtcr, Cary, Car- 
pentieri and Darrow (5). These experiments 
demonstrated that Avhen a watery solution was 
placed in the ])eritoncal cavity, it tended to assume 
the composition of a fluid in ionic and osmotic 


equilibrium with blood plasma. Thus when “ iso- 
tonic glucose solution ” (5 per cent) was placed 
in the peritoneal cavity, sodium, chloride, and bi- 
carbonate diffused into the fluid while glucose dif- 
fused into the blood. At first the rate of diffusion 
of electrolyte into the peritoneal fluid was so rapid 
that water also passed into the peritoneal cavity. 
However, after four to six hours the amount of 
fluid in the peritoneal cavity was approximately 
that injected, but the composition approached that 
of a fluid in equilibrium with plasma. In guinea 
pigs about twenty-four houi’s was required for 
complete absorption; the interval in dogs, mon- 
keys and rabbits was not determined, but is prob- 
ably between twelve and twenty-four hours. 
Since the fluid in the peritoneal cavity was not 
immediately available throughout the tissues, the 
body may be considered to have lost temporarily 
the amount of electrolyte present in the peritoneal 
cavity, while the total amount of body water re- 
mained relatively unaltered. The interpretation 
of the results is simplified by the fact that anuria 
accompanies these experiments and the only loss 
of water is by evaporation and the only gain, from 
cellular oxidations, which for the present purposes 
could be neglected. 

In order to increase the amount of extracellular 
electrolyte, saline of double physiological strength 
(1.8 per cent NaCl) was injected into the peri- 
toneal cavity. In these experiments after about 
four hours, the fluid in the peritoneal cavity was 
in approximate equilibrium with the blood plasma 
and the total volume was approximately that in- 
jected. In this case the total amount of extra- 
cellular electrolyte Avas increased Avith rclatiA'c!) 
small change in total body Avater. 


EXPERIMENTAL PROCEDURE 
Healthy dogs, rabbits and monkeys (Macacus rliesus), 
maintained on an adequate diet, were used as the cxpc.i 
mental animals. The last feeding occurred about ess n 
cen hours before the c.xperimental procedure, hood a-- 
Avater were removed from the cages during tJie coufiC 
of the experiments. 
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Blood Fpccimcns (about 30 cc. In dogs aud 20 cc. in 
rabbits and monkeys) were taken from the external 
jugular vein in dogs, directly from the heart in rabbits 
and from the femoral vein in monkeys. About 10 cc. of 
the blood were immediately transferred to a tube con- 
taining a small amount of mercury and securely stop- 
pered. The sire of the tube and the amount of mercury 
used were such that the blood completely filled the tube. 
Defibrination was accomplished by gentle inversion of 
the stoppered tube for about five minutes. The remain- 
der of the blood was delivered under mineral oil, allowed 
to clot at room temperature, centrifuged and the clear 
scrum removed. 

Soon after withdrawal of the first specimen of blood, 
a five per cent solution of glucose was injected into the 
peritoneal cavity in one series of animals. 'The glucose 
solution nns freshly prepared and sterile, and the 
amounts injected were approximately 100 cc. per kgm. 
of body weight in most of the experiments. The second 
series of animals received similar quantities of freshly 
prepared, sterile 1.8 per cent solution of sodium chloride 
intraperitoneally. In both cases the solutions were 
warmed to body temperature before injection and gave 
no evidence of being irritating. In tbe experiments on 
dogs the urine was collected in cages equipped for meta- 
bolic studies. In the experiments on rabbits and monkeys 
clean dry pans were placed under the trire cages. About 
four to six hours later, a second specimen of blood was 
obtained and treated in the same way as the first speci- 
men. Samples of the peritoneal fluid were obtained at 
this time in the dogs, but in the monkeys and rabbits it 
was usually impossible to obtain peritoneal fluid without 
killing the animals and this was deemed unnecessary in 
most of the experiments. 

In order to determine the amount of fluid remaining in 
the peritoneal cavity after approximate equilibrium had 
been established, fourteen animals were sacrificed and the 
peritoneal fluid drained and measured. These animals 
were also carefully examined for gross pathological 
changes. In four of the animals a measure of the total 
volume of material in the gastro-intestinal tract was 
made. No histological studies were carried out. 

CHEMICAI. METHODS 

The volume of the blood cells was determined on the 
defibrinated blood by centrifuging at high speed for 20 
minutes in capillary tubes. Measurements of the heights 
of the columns of blood and cells were made with cali- 
pers. The following chemical determinations were 
made; protein, by macro-Kjeldahl (6) method using 
superoxol to insure complete digestion; sodium, by But- 
ler and Tuthill’s modification of the method of Barber 
_ and Kolthoft (7), without removal of phosphate on 
serum but with removal of phosphate on whole blood; 
chloride, by Patterson’s (8) method, using 0.5 cc. sam- 
ples; water, by weighing before and after drying over- 
night at a temperature of 105° C. All determinations 
were made in duplicate. The concentrations in the cells 
were calculated from the hematocrit values and the con- 


centrations in whole blood and scrum by the following 
formula : C = B — ^ represents cell 

concentration; B, whole blood concentration; S, serum 
concentration and V, the proportion of red cells in whole 
blood. 

EXPERIMENTxVU RESULTS 

During the course of the e.xperirnents, data 
were collected which permitted estimation of the 
changes in concentration of electroUTe and water 
in serum and erjlhrocv-tes. The present paper 
presents such data as bear on the probable changes 
in distribution of water produced by the experi- 
ments. In a second paper (14) the changes in 
the concentration of electrolytes and water in 
erythrocj'tes will be discussed. Mention of the 
latter findings will be made in the present paper 
only inasmuch as the changes found in this ac- 
cessible cell are used to explain the clinical sv-mp- 
toms of the animals and the probable changes in 
distribution of water in the body. 

A. Aviouut of fluid remaining in the peritoneal 
cavity 

Table I shows the amount of fluid recovered at 
autopsy after a lapse of time comparable to that 


TABLE I 

Volume of fluid remaining in the peritoneal cavity 


Animal 

Experi- 

ment 

num- 

ber 

Weight 

Solution 

injected 

Amount 

inj’ected 

Amount 

recov- 

ered 

Time 

elapsed 

tTrice 



tzm. 


cc. 

cc. 

kOZiTS 

cc. 

Dos 1 - • - 

1 

6.4 

Glucose 

500 

467 

6.0 

5 

Dos 6... 

16 

6.6 

Glucose 

500 

587 

5.0 

8 

Dog 3 . . . 

i 

6.1 

Glucose 

550 

570 

4.5 

0 

Dog < . . . 

17 

11.4 

Glucose 

500 

541 

6.0 

0 

Monkey 2 

8 

2.8 

Glucose 

250 

228 

3.7 

0 

Monkey 3 

9 

6.5 

Glucose 

430 

400 

3.0 

0 

Rabbit 3 . 

18 

2.S 

Glucose 

250 

260 

4.0 

30 

Rabbit 4 . 

14 

2.0 

Glucose 

200 

186 

4.0 

0 

Rabbit 5 . 

IS 

3.0 

Glucose 

275 

240 

4.0 

0 

Rabbit 9 . 

16 

2.6 

NaCl 

260 

250 

4.2 

8 

Rabbit 10 

17 

2.6 

NaCl 

260 

225 

4.2 

s 

Rabbit 11 

18 

3.8 

NaCl 

370 

415 

4.0 

5 

Rabbit 12 

19 

2.9 

NaQ 

280 

255 


0 

Rabbit 13 

20 

3.4 

NaCl 

330 

310 

4.0 

5 


used in the experiments. The data show that 
four to six hours after the injection of either a 
five per cent solution of glucose or a 1.8 per cent 
solution of sodium chloride into the peritoneal 
cavity, the amount of fluid remaining is approxi- 
mately that injected. In both the “ glucose ” and 
" saline " experiments the changes in the total 
amount of peritoneal fluid amounted to an in- 
crease or decrease of less than ten per cent of 
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the amount injected. Since the amount of fluid 
injected was ten per cent of the body weight and 
since total body water is about seventy per cent 
of the body weight, the experiments would change 
available body water by less than 1.5 per cent. 
Because blood plasma, interstitial fluid and intra- 
cellular fluid are all in osmotic equilibrium, the 
effects of this change in body water will be dis- 
tributed throughout all body fluids and be of 
minor importance in explaining changes found in 
the blood. In other words the chief changes pro- 
duced in “ the glucose ” experiments are brought 
about by withdrawal of extracellular electrolyte 
and the chief changes of the “ saline ” experi- 
ments are the result of the increase in extracel- 
lular electrolyte (NaCl). 

The preponderant effect of loss or gain of so- 
dium and chloride becomes apparent when one 
considers the losses or gains of these ions in rela- 
tion to their total amounts in normal animals. 
The approximate losses of chloride and sodium 
in the “ glucose ” experiments may be estimated 
by multiplying the original volumes (or the final 
volume when this was determined) by the final 
concentrations of these ions in the peritoneal fluid. 
These calculated losses of chloride and sodium 
have been compared to the total amounts of chlor- 
ide and sodium found in a normal dog, a normal 
monkey and two normal rabbits (unpublished data 
from this laboratory). In the “ glucose ” experi- 
ments the losses of chloride are about 25 per cent 
of total body chloride; the losses of sodium, about 
20 per cent of total body sodium. In the “ saline ” 
experiments the effective increases in body sodium 
and chloride are more uncertain, especially in 
those animals excreting considerable quantities of 
urine. Neglecting excretion in the urine which 
was negligible in most of the experiments, similar 
calculations show that the increases in body chlor- 
ide were about 50 per cent of total body chloride 
and the increases in sodium, about 30 per cent. 

It was not deemed necessary to sacrifice dogs 
and monkeys in order to determine the amount 
of fluid remaining in the peritoneal cavity after 
the injection of l.S per solution of sodium chlor- 
ide since the behavior of the various animals was 
similar and the appearance of the abdomen and 
the case with which fluid could be withdrawn from 
the peritoneal cavity was the same in the “ saline ” 
and “ glucose ” experiments. 


B. Clinical aspects of animals subjected to re- 
moval of extracellular electrolyte with little 

alteration in total body water 

Following the intraperitoneal injection of glu- 
cose solutions, the animals suffered no local signs 
of pain or irritation. However, in all animals 
(8 dogs, 5 rabbits and 5 monkeys) signs of mild 
to severe dehydration developed which were com- 
parable to those observed in dehydrated patients. 
The tongue and mucous membranes were dry ; the 
skin showed loss of turgor; the animals became 
languid and looked sick. In the monkeys and 
rabbits greyish pallor such as is seen in “ali- 
mentary intoxication ” could be distinguished. In 
about 24 hours the animals recovered completely. 

Following the injection of isotonic glucose, no 
urine was passed by any of the animals during 
the periods of experimental observation which 
were four to six hours. In view of the clinical 
evidences of dehydration it was interesting to note 
that the animals were not thirsty. Autopsies on 
the animals listed in Table I confirmed the dryness 
of the mucous membranes, for only 5 cc. of mu- 
coid material could be recovered from the stomach 
and small intestines in the dogs and monkeys. 
The small intestines of the rabbits contained little 
fluid but, as is the rule in this species, the stomach 
and colon were filled with considerable material 
which, however, was not very moist. 

C. Changes in the blood in the " glucose ” experi- 

ments 

Data which concern the distribution of water 
in serum and erythrocytes are given for repre- 
sentative experiments in Table II. As was 
pointed out previously, the various data may be 
regarded as exemplifying the changes produced 
by the losses of extracellular electrolyte with little 
alteration in body water. 

In all experiments the proportions of red cel s 
in blood and the concentrations of serum proteins 
were increased. The increases in the proportion 
of red cells rvere considerable. If one take no 
account of the blood withdrawn for analyses, one 
may calculate' the apparent loss of plasma uluc.i 
would produce the given change in the proportion 
of ery'throcytes. Because loss of blood tends to 
be replaced by interstitial fluid, the calculatio-^* 
probably underestimates the diminution of plasm - 
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TABEB n 


Ckr.tinrs if. the hhod feU/r^'inz intraferitoneal injection of 5 per cent zlucose 



Experi* 

tnctit 

nutn- 

ber 

Wciclit 

Fluid 
In- 
ject cd 

Time 

ebp'cd 

Cell 

volume 

Serum 

protein 

Serum 

vntcf 

Serum 

Na 

Serum 

Cl 

Cell 

water 

Cell, 

protein 

i 

Peritoneal 

Xa 

: Peritoneal 

1 


■■il 



kovrt 

Set eer.l 

fer cml 

trr eer.l 

rt. Eij. 

n. Eij. 

; per cer.t 

per C€r.i 

m. £/;. 

m. £7. 









fn L. 

tn L. 



per L, 

per L. 

Do:; 3 

4 

6.0 

500 

0.0 

39.6 

4,8 


\ 143.3 

112.4 


33.6 







4.5 

52.2 

5.8 


j 130.7 

92.6 


28.9 

114.3 

96.2 

Dog 1 

1 

6.4 

500 

0.0 

48.7 

6.4 


147.3 

106.1 


32.8 






i 

6.0 

57.2 

8.4 


132.5 

86.8 i 


30.3 

IIS.O i 

91.1 

Dog 3 

5 

5.5 

500 

0.0 

34.0 

5.7 


144.1 

112.6 


31.9 





i 


4.5 

44.8 

6.9 


124.4 

91.8 


29.1 

107.8 

91.8 

Dog 3 

7 

6.1 

550 

0.0 

44.9 

5.8 

92.4 

147.5 

111.1 

74.4 

30.3 ! 







4.0 

54.4 ^ 

8.0 

90.3 

131.7 

91.2 

75.4 

28.6 

105.3 

88.2 

1 

Monkey 4. . 

10 

3.8 

400 

0.0 

1 

43.7 1 

6.8 

90.9 

144.6 

104.5 

76.7 

29.0 







4.5 

55.2 

8.0 

88.9 

125.2 

82.9 

78.8 

25.9 



Monkey 4 . . 

11 

3.5 

300 

0.0 

41.8 

7.7 

90.6 

150.2 

108.5 

75.9 

30.8 i 







4.0 

46.8 

8J 

89.8 

131.4 

90.4 

76.5 

28.2 

125.8 

99.4 

Monkey 2 . . 

8 

2.8 

250 

0.0 

47.0 

7.4 

90.8 

165.9 

109.3 

75.4 

29.7 







3.5 

58.5 

9.5 

88.2 

145.3 

96.2 

76.5 

28.9 

92.9 

75.6 

Monkev 3 . . 

9 

6.5 

430 

0.0 

50.0 

1 7.5 

90.6 

154.5 

110.1 

76.4 

28.5 







4.0 

55.0 

8.6 

89.7 

133.5 

92.3 

76.5 

28.9 

123.1 

98.8 

Rabbit 4 . . . 

14 

2.0 

200 

0.0 

35.5 

6.1 

92.5 

137.5 

95.4 

76.3 

29.6 


1 





4.0 

38.3 

6.8 

91.8 

119.3 

85.3 

79.4 i 

25.9 

98.4 

78.7 


volume which would otherwise have been pro- 
duced by the loss of extracellular electrol)'tes. 
Roughly, by this calculation, the losses of plasma 
volume varied from 8 to 27 per cent of the total 
blood volume, or 18 to 49 per cent of the plasma 
volume. Similar calculations of the apparent 
losses of plasma water from the changes in concen- 
tration of serum proteins gave values roughly 
agreeing with those calculated from the changes in 
the proportion of red cells. Although changes in 
plasma volume are not the only factors affecting 
the concentration of cells in blood or proteins in 
serum, in experiments of short duration, changes 
of the magnitude shown in Table II could hardly 
occur without being due chiefly to losses of water 
from plasma. 

The water of red cells increased as is evidenced 
by reductions in the concentration of cell proteins. 
Reductions in concentration of cell proteins oc- 
curred in all experiments except in the case of 
Monkey 3, Experiment 9, when the changes were 
so slight as to be within the error of the methods. 
The increases in erythrocytic water amounted to 
1.4 to 7.3 per cent of the original cellular water. 


Since total body water changed relatively little, 
this water was presumably derived from extra- 
cellular spaces. 

In all cases considerable reductions were found 
in the concentrations of chloride and sodium in 
the serum. It is obvious that these reductions 
were chiefly brought about by migration of so- 
dium and chloride into the peritoneal cavity. 

D. Clinical aspects of animals subjected to in- 
crease of extracellular electrolyte with little 
alteration of body svater 

The intraperitoneal injection of 1.8 per cent 
solution of sodium chloride produced few dinical 
symptoms. The animals retained their appetites 
and did not look ill although two dogs vomited. 
They became thirsty but no loss of skin turgor 
occurred. Grossly the rabbits which were ex- 
amined postmortem revealed nothing abnormal 
except the fluid in the peritoneal ca-vnty. Xo ill 
effects were noted after 24 hours. 

In three of the experiments on dogs a definite 
diuresis occurred, resulting in the loss of about 23 
per cent of the fluid injected (see Table III). In 
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TABLE III 


Changes in the blood following mlraperiloneal injection of 1.8 per cent NaCl 


Animal 

Experi- 

ment 

num- 

ber 

Weight| 

Fluid 

in- 

jected 

Time 

elapsed 

Cell 

volume 

Serum 

protein 

Serum 

water 

Serum 

Na 

Serum 

Cl 

Cell 

water 

Cell 

protein 

Peritoneal 

Urine 

Na 

Cl 

Vol- 

ume 

Na 

Cl 



kgm. 

CC, 

hours 

per cent 

per cent 

per cent 

■m. Eq. 

m. Eq. 

per cent 

per cent 

' m. Eq. 

m. Eq. 

cc. 

m. Eq, 

. m.Eq. 




1 





per L. 

per L. 



per L. 

per L. 


perL. 

pert. 

Uog '6 

4 

6.5 

600 

0.0 

45.1 

6.7 


140.1 

108.2 


31.6 










4.5 

38.5 

6.1 


157.6 

132.0 


32.6 

165.1 

160.0 

0 

— 

- 

Dog 3 

1 

5.3 

500 

0.0 

38.5 

6.0 


146.2 

110.8 


32.7 










4.5 

1 

35.0 

1 

5.6 

i 


162.7 

131.4 


34.2 

168.8 

153.0 

0 

— 

- 

Dog 4 

5 

11.6 

1000 

0.0 

64.4 

5.9 


142.0 

111.0 


31.8 










5.0 

56.1 j 

5.9 


152.9 

135.0 


32.9 


156.0 

360 

218 

206 

Dog 4 

3 

11.2 

1000 

0.0 

37.5 

6.2 


147.1 

112.2 


34.1 









4.0 

34.8 

6.3 


161.4 

130.6 


34.2 



240 

— 

3S0 

Dog 5 

8 

7.0 

700 

0.0 

48.1 

6.2 

91.9 

145.8 

111.6 

74.3 

31.7 




i 





4.0 

45.3 

6.2 

92.1 

161.1 

129.8 

74.2 

32.7 

166.6 

150.1 

180 

319 

339 

Monkey 4 . 

10 

3.7 

350 

0.0 

36.0 

7.4 

90.7 

148.2 

107.4 

76.9 

27.2 



1 







4.0 

27.4 

6.1 

91.9 

165.1 

130.7 

74.5 

29.4 



±* 



Monkey 3 . 

9 

5.8 

425 

0.0 

46.2 

7.6 

90.6 

147.2 

104.9 

76.2 

29.4 









5.0 

40.2 

7.3 

91.1 

163.9 

125.0 

74.0 

31.9 

164.7 

140.9 




Monkey 5 . 

11 

2.6 

260 

0.0 

41.9 

7.5 

91.1 

144.9 

107.5 

75.0 

32.5 









4.5 

35.0 

6.5 

91.9 

169.4 

142.1 

73.4 

33.6 



± 



Monkey 5 . 

12 

2.5 

225 

0.0 

38.8 

6.9 

91.3 

147.0 

107.4 

75.3 

31.7 









3.8 

29.3 

6.1 

91.4 

165.3 

132.2 

74.5 

34.8 



ri: 



Rabbit 7 . . 

14 

2.5 

250 

0.0 

30.8 

4.9 

93.7 

138.7 

103.3 

74.7 

31.9 










4.0 

26.5 

4.4 

94.3 

152.0 

121.8 

73.3 

32.6 



=b 



Rabbit 8 . . 

IS 

1.9 

^ 180 

0.0 

40.4 

7.7 

90.8 

152.8 

123.1 

76.3 

29.9 










4.0 

27.0 

6.2 

92.2 

175.6 

154.0 

74.8 

31.5 

182.4 

172.1 





indicates less than 5 cc. of urine. 


these cases the urine contained 200 to 350 milli- 
cquivalents of sodium and chloride per liter. In 
the other experiments practically no urine was 
passed during the first 4 to 6 hours. 

E. Changes in the blood in the “ saline ” 
experiments 

The results of the examination of the blood in 
representative e.xperiments are given in Table III. 
As was pointed out previously, the various 
changes may be regarded as exemplifying the 
alterations produced by an increase in extracel- 
lular electrolyte with little alteration in total body 
water. In both experiments on Dog 3 and in all 
experiments on rabbits and monkeys, only minimal 
amounts of urine were excreted. Since in both 
experiments on Dog 4 and the one on Dog 5, 
about one fourth of the salt and water injected 


into the peritoneal cavity was recovered in the 
urine, these experiments gave less striking but 
qualitatively similar changes. 

In Dog 3 and in the rabbits and monkeys the 
concentration of serum protein and the propor- 
tion of red cells in blood decreased. The appar- 
ent increases in plasma volume were 16 to 52 per 
cent when calculated from the changes in the 
proportion of red cells in blood while the apparent 
increases were 4 to 24 per cent when calculated 
from the changes in concentration of serum prO' 
teins. In each experiment the former calculation 
led to a greater value than the latter. However, 
so many factors may influence the concentration 
of serum proteins or the proportion of red ce|l.-’ 
in blood that a close correlation is unlikely. I 
changes are sufficiently great to indicate con^-io 
erable increases in plasma volume. 
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The concentrations of proteins in the red cells 
increased owing to losses of erj’throcytic water. 
The losses of cellular water varied from 2 to 7 
per cent of the original water. Because body 
water remained relatively constant, the water 
whicli left the red cells presumably migrated to 
tlie e.vtraceilular spaces. 

In Dogs 4 and 5, the results were much the 
same as in the other c-Kperiments, if consideration 
be given the large amount of salt and water ex- 
creted. The changes in the proportion of red 
cells indicate considerable increases in plasma 
volume. However, for some reason which is not 
apparent, the concentrations of serum proteins 
did not change. The proteins of the red cells 
became concentrated owing to losses of cellular 
water, except in Dog 4, Experiment S. The 
changes in serum sodium and chloride in Dogs 4 
and 5 are of the same order of magnitude as 
those of the other experiments. 

In all cases considerable increases in the con- 
centration of chloride and sodium in serum oc- 
curred owing to migration of these ions from the 
fluid injected into the peritoneal cavity. The 
apparent means which the body uses to maintain 
osmotic equilibrium in both tj-pes of experiment 
will be brought out in the discussion. 

DISCUSSION 

Since the principal phenomena exhibited by the 
experiments must fit into the concepts of the 
physiological behavior of water, a tentative de- 
scription of the factors affecting the distribution 
of water in the body will be given. Almost 
seven-tenths of the body is made up of water 
which moves beUveen intracellular and extracel- 
lular spaces in such a manner as to maintain os- 
motic equilibrium betsveen the fluid of the cells 
and that in the extracellular spaces. Since about 
mne-tenths of the osmotic pressure of body fluids 
is maintained by electrolytes, the distribution of 
body water is largely determined by the distribu- 
tion of electrolj-tes. Furthermore, as the concen- 
tration of anions equals the concentration of 
cations, the approximate osmotic relations are 
given by the concentrations of the total base in 
milliequivalents per liter of water. Because the 
preponderant bases are the univalent ions, sodium 
and potassium, the concentrations of these cations 
determines roughly the osmotic pressure. One 


may, therefore, surmise that the factors control- 
ling the distribution of sodium and potassium also 
govern the distribution of water. 

From analyses of blood plasma, Ijmph, edema 
fluid and cerebrospinal fluid it is fairly well es- 
tablished that all extracellular fluids have approxi- 
mately the composition of plasma, except that 
little protein is present in the extracellular fluids 
outside of the vascular system. The actual 
amount of extracellular fluid is unknown, but 
analyses of muscles (9) and whole bodies (10, 
11) indicate that about t%vo-tenths of the body 
weight must be due to extracellular fluid. This 
estimate is obtained by assuming all but negligible 
quantities of sodium and chloride are extracellular 
and that their concentrations in extracellular fluids 
are essentially those of blood plasma when ex- 
pressed in concentrations per kilogram of water. 
Assuming this to be true, about five-tenths of the 
body weight is made up of intracellular water. 
The chemical composition of intracellular fluid is 
not known, but from analyses of red cells (12, 
13, 14), muscles (9) and whole bodies (10, 11), 
one may surmise that the chief anions are proteins 
and phosphate (chiefly organic) and the chief 
cation, potassium. This particular distribution of 
ions with sodium and chloride^ on one side of 
the cellular membrane and potassium and phos- 
phate on the other is usually assumed to indicate 
relative impermeability of cellular membranes to 
these ions. 

The probable changes in distribution of body 
water which fit in with the concepts briefly out- 
lined above can most readily be brought out with 
the aid of a diagram (Figure 1). On the or- 
dinate, the concentrations of electrolj-te are indi- 
cated in milliequivalents per liter of water, while 
on the abscissa, the volumes of body water are 
represented in liters. The areas bounded by these 
lines, therefore, represent the total amount of 
electrolyte in intracellular and extracellular com- 
partments. The original distribution of body 
water is given by the continuous lines; the dis- 
tribution of body water after removal of 100 
milliequivalents of extracellular electrolj'te is rep- 
resented by the lines which are made up of dots 


^ The chloride of the erythrocytes is apparently an 
exception to the rule that intracellular fluids contain 
little or no chloride. 
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VOLUME OF fluid !N LITERS OF WATER 


Fig. 1. Diagrammatic Representation of the Distribution of Body Water and Electrolyte, 

The areas bounded b}' the lines representing volume and concentration indicate the total amount of intracellular 
or extracellular electrolyte. The solid lines give the distribution under normal conditions; the lines made up of 
dots and dashes indicate the distribution after removal of 100 m. Eq. of extracellular electrolyte; the lines made 
up of dashes represent the distribution after addition of 100 m. Eq. of extracellular electrolyte. 


and dashes; the distribution of body water after 
addition of 100 milliequivalents of extracellular 
electrolyte is illustrated by the lines made up of 
dashes. Since by assumption the total amount of 
intracellular electrolyte docs not change, the three 
areas representing intracellular electrolyte are 
equal. Ilowevcr, in order to maintain osmotic 
equilibrium between the intracellular fluid con- 
taining a fixed amount of electrolyte and the 
extracellular fluid containing variable amounts of 
elcctrolvtc, the volume of intracellular water and 


the concentration of intracellular electrolyte must 
vary as indicated in the diagram. The relation 
of the changes in amount of extracellular electro- 
lyte to the total body fluid is represented in the 
diagram in quantities and concentrations com- 
parable to those which the experiments present. 

The areas in the diagram representing the shut 
in water accompanying loss of extracellular elec- 
trolyte indicate the probable changes occurring m 
the “glucose” experiments. This part of the 
diagram wilt be discussed first together with the 
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assumptions on which the diagram is based and 
the reasons for making these assumptions. 

Concei\-ably osmotic equilibrium between intra- 
cellular and extracellular fluids might be brought 
about by transfer of water across cellular mem- 
branes, by transfer of ions across cellular mem- 
branes, or by both processes. However, previous 
work (12, 13) and data obtained in these ex- 
periments which will be discussed more fully 
elsewhere (14) indicate that transfer of water 
is the chief means of adjusting the osmotic equi- 
librium between plasma and erythrocytes. Since 
most cellular membranes arc likewise commonly 
regarded as relatively impermeable to cations, 
shift of water across cellular membranes is prob- 
ably the chief means of maintaining osmotic equi- 
librium beUveen intracellular and extracellular 
fluids. The diagram represents transfer of water 
as the sole means of adjusting osmotic relation- 
ships. 

The experimental obser\-ations indicate that 
shift of water across cellular membranes is prob- 
ably the chief means of maintaining osmotic equi- 
librium behveen body fluids. As was pointed out 
previously, in the “ glucose ” experiments the 
changes in concentration of proteins in serum and 
red cells in blood indicate apparent losses of 
plasma volume of 18 to 49 per cent of the original 
volumes. Loss of skin turgor signifies diminution 
of extracellular fluids elsewhere than in the blood. 
The symptoms and signs of dehydration are those 
which one is accustomed to associate ■with loss of 
extracellular fluid. Furthermore, the losses of so- 
dimn and chloride are equal to about one fourth 
of the amounts of these ions in normal animals. 
If the sodium and chloride remaining in the extra- 
cellular fluid had not been concentrated by trans- 
fer of water from extracellular to intracellular 
spaces, the concentrations of serum sodium and 
chloride would have shown greater reductions 
than those found. Indication of transfer of ex- 
tracellular water is given directly by the decreases 
in concentration of erythrocytic proteins. The 
“ glucose ” experiments as a whole fit in with the 
concepts represented in the diagram and indicate 
that loss of extracellular electrolyte -with little or 
no change in body water leads to hydration of 
intracellular fluids and dehydration of extracellu- 
lar fluids. 

In the diagram the loss of extracellular electro- 


lyte produces a ten per cent increase in intracellu- 
lar water and a twenty-five per cent decrease in 
extracellular fluids. With a given loss of extra- 
cellular electrolyte accompanied by a dispropor- 
tionate loss of water, or, as in the "glucose” ex- 
periments by little change in body •water, the mag- 
nitude of the reduction in concentration of extra- 
cellular electrolyte will be dependent, not on the 
volume of extracellular fluid but rather on total 
volume of body water.- This deduction follo'ws 
from the fact that the change in osmotic pressure 
produced bj' loss of extracellular electrolyte must 
be equalized throughout all body fluids. Since 
this adjustment apparently takes place chiefly by 
shift of water from extracellular to intracellular 
compartments, the magnitude of this transfer of 
water will be dependent upon the relation of the 
volume of extracellular water to total body^ water. 
It is, therefore, apparent that a value for the pro- 
portion of body fluid in extracellular spaces is a 
necessary factor in predicting alterations in the 
distribution of body water under varying condi- 
tions. 

The observations in the “saline” experiments 
likewise fit in ■svith the concepts expressed in the 
diagram (Figure 1) showing the changes pro- 
duced by increase in the amount of extracellular 
electrolyte without alteration in total body -water. 
In this case, since the increase in extracellular 
electrolyte augments the osmotic pressure of this 
fluid, water is attracted from the cells to the ex- 
tracellular spaces. 

In the “ saline ” experiments, the effective in- 
crease in sodium and chloride in the extracellular 
fluid is uncertain, especially when diuresis oc- 
curred. However, in general, the changes in con- 
centration of chloride and sodium are of an order 


- This relationship for constant total bodj- water and 
when the only loss of base is loss of Na from extra- 
cellular water, may be expressed by the following for- 
mula: 

' [Na]iV— (Na)p = [Na]zV, 

where [Na]i is the original concentration of sodium in 
serum -water; [Najs is the second concentration of so- 
dium in serum water; (Na)p is the change in body so- 
dium and V is the volume of body water in liters. The 
application of this formula to the data in the “ glucose ” 
experiments yields values for -V' (total body water) 
which fit in -with the probable -value for total body -wa- 
ter, namely, about 70 per cent of total body weight. 
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of magnitude that indicate that extracellular fluid 
must have been diluted with water obtained from 
the cells of the body. The changes in concentra- 
tion of the proteins in erythrocytes indicate that 
these cells lost water as is also attested by the 
decreases in the water of the red cells. Increase 
in extracellular fluid is difficult to demonstrate be- 
cause fairly large accumulations of interstitial 
fluid often give no signs. However, increases in 
plasma volume are indicated by the decreases in 
concentration of proteins in serum and of red 
cells in blood. In other words, the chief finding 
in the “ saline ” experiments fit in with the con- 
cepts of the diagram and indicate that increase in 
extracellular electrolyte with little change in body 
water produces hydration of extracellular fluids 
and dehydration of intracellular fluids. 

It is interesting to note that no urine was ex- 
creted during the “ glucose ” experiments in spite 
of the reductions in concentration of electrolyte 
and the probable hydration of the cells. In the 
" saline ” experiments, part of the excess of so- 
dium and chloride in some instances was excreted 
so as to diminish the disturbances but in two of 
the experiments on dogs and all of those on rab- 
bits and monkeys, little urine was formed during 
the period of observation. We have no satisfac- 
tory explanation of the reason why the kidneys 
failed to adjust electrolyte concentration. 

Whatever facts about renal adjustment of wa- 
ter volume or electrolyte concentration are dis- 
covered, or whatever knowledge concerning per- 
meability of cellular membranes and the actual 
volumes of the various types of body fluids is 
developed, the present experiments demonstrate 
that disturbances in the distribution of body water 
can occur and induce grave symptoms even when 
body water is little changed. In acute adrenal 
insufficiency in dogs (15, 16, 17), a striking loss 
of sodium unaccompanied by a corresponding 
diminution of body water has been demonstrated. 
From a chemical point of view the changes in 
acute adrenal insufficienc}’ and those produced by 
loss of extracellular electrolyte in the “ glucose ” 
experiments are quite similar. The explanation 
of the symptoms and chemical evidences of de- 
hydration in adrenal insufficiency is probably also 
similar to that presented in this paper. After the 
present experiments were practically completed 
and the interpretation developed, Gilman (IS) re- 


peated the essential features of our experiments 
and showed that a decrease in blood pressure and 
increase in susceptibility to the effects of hemor- 
rhage occur with loss of extracellular electrolyte 
and little change in body water. Furthermore dis- 
turbances in the distribution as well as the 
amounts of body water probably occur as the re- 
sult of disproportionate losses of water and elec- 
trolyte in diabetic coma, persistent vomiting, pro- 
tracted diarrhea, heat stroke, etc. It is also worth 
noting that the temporary immobilization of ex- 
tracellular electrolyte following therapeutic injec- 
tion of solutions of glucose into the peritoneal 
cavity and subcutaneous tissues will have the same 
effect as that recorded in the “ glucose ” experi- 
ments. 

Gamble, Ross and Tisdall (1) have pointed out 
that when the loss or gain of base is accompanied 
by proportionate changes in body water, the 
changes in the volumes of intracellular and extra- 
cellular fluids may be estimated from the con- 
centrations of intracellular potassium and extra- 
cellular sodium. However, when the loss or gam 
of base is not accompanied by a proportionate 
change in body water such as occurs in pathologi- 
cal disorders accompanied by marked changes m 
the concentration of sodium in the serum, the esti- 
mation of the probable changes in the volumes of 
intracellular and extracellular fluid cannot be 
made without a knowledge of the ratio of intra- 
cellular potassium to extracellular sodium in the 
body. 

Few reports give data which enable one to cal- 
culate the ratio of body potassium to body sodium. 
Katz (9) found the ratio in adult human muscle 
to be 2.37; Klose (10) found the ratio in the 
whole body of an infant to be 0.45 and lob and 
Swanson (11), 0.52. In this laboratory (19) the 
ratio for a dog was 0.84; for a monkey, 1.22 and 
for two rabbits, 1.41 and 1.44. (The ratios are 
based on molecular concentrations.) In order to 
apply ratios derived from analyses of whole bod- 
ies, it is necessary to establish how nearly sodium 
is exclusively extracellular. Furthermore, the 
probable volume of extracellular fluid must be 
determined. In any case, it is misleading to spea . 
of intracellular and extracellular water without 
bearing in mind that the zvatcr of the body nm,. 
become either intracellular or extracellular, dc 
pending on the factors governing Us dtstribuhon. 
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SUMMARY 

Experiments on clogs, rabbits' and monkeys arc 
described which induced (I) loss of extracellular 
electrolj'tc with little change in total bod}' water 
and (2) increase in extracellular clectroK'te with 
little change in total body water. 

The loss of extracellular electrolyte with little 
change in body water induced symptoms and signs 
of dehydration. The concentrations of chloride 
and sodium in serum were reduced; the concen- 
trations of proteins in serum and the proportions 
of red cells in blood increased ; the concentrations 
of proteins in crc-throcytes were reduced by in- 
creases in cellular water. These phenomena are 
probably referable to shift of e.\tracellular water 
into body cells producing dehydration of extra- 
cellular fluids and hydration of intracellular fluids. 

Increase in extracellular electrolyte with little 
change in total body water induced few sj'mptoms 
except thirst. The concentrations of chloride and 
sodium in serum increased ; the concentrations of 
proteins in serum and the proportion of red cells 
in blood decreased ; the concentrations of protdns 
in erj-throcytes increased owing to losses of cellu- 
lar water. The probable explanation of these 
findings is shift of water from body cells into 
extracellular spaces producing dehydration of the 
cells and h}'dration of extracellular fluids. 

The factors governing the distribution of body 
water are discussed. 
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The rapid dissolution of human fibrin clot by 
Streptococcus hemolyticus of the beta type is de- 
pendent upon the presence in cultures of an en- 
zymic substance which is excreted by the orga- 
nisms (1, 2). The bacterial product, which in- 
duces fibrinolysis, is characteristically elaborated 
by strains of hemolytic streptococci which cause 
acute infection in patients. Furthermore, the cul- 
tures, obtained from patients suffering with very 
severe types of illness, have been found to exhibit, 
with greatest frequency, the most potent fibrino- 
lytic activity (3). 

It has also been demonstrated that patients con- 
valescent from acute infection due to hemolytic 
streptococci often develop a humoral property 
which is effectively antagonistic to the fibrin dis- 
solving action of cultures of the infecting orga- 
nisms (4). 

Since the fibrinolytic product of streptococci has the 
properties of an enzyme, the inhibiting action of blood 
from convalescent individuals manifests itself as a speci- 
fically increased antienzymic effect. A review of the lit- 
erature indicates that attempts to develop antiferments as 
an immunological process associated with antibody pro- 
duction have given variable results. Consequently it is 
not possible, at the present time, to state whether the 
acquired antifibrinolytic properties of patient’s blood is 
dependent upon a specific antibody comparable to other 
antibacterial immunological processes, or is antienzymic 
through a special mechanism. Studies are now in prog- 
ress which are directed toward identifying the anti- 
fibrinolytic properties. 

In pursuing studies on the occurrence of the 
antifibrinolytic property of the blood, a number of 
observations have been made with plasma from a 
series of cases, both larger in number and more 
diverse in type than those which comprised the 
former report. The results are presented in this 
communication. 

The observations have been made for the pur- 
pose of obtaining infonnation concerning (1) the 
frequency with which this special response fol- 


lows acute streptococcus infections, (2) the ap- 
proximate time in the course of the illness at 
which it was demonstrable, and (3) the relation 
of the presence or absence of humoral anti- 
fibrinolytic activity to the clinical course of the 
diseases, with respect to either complete recovery, 
or persistent suppurative complications, or fatal 
termination. 

The patients, who were selected for the study, 
consisted of forty-five individuals representing 
different types of acute streptococcus diseases of 
varying degrees of severity. In some of the cases 
recovery was prompt and complete; in others, the 
illness was more severe and was characterized by 
metastasizing suppurative complications; another 
group consisted of individuals who died with fatal 
septicemia. The observations have been further 
extended to include results obtained with the 
blood of a few patients with rheumatic fever and 
acute hemorrhagic nephritis. The list of cases is 
as follows : 

16 cases of erysipelas 
5 “ " scarlet fever 

9 “ “ acute tonsillitis 

3 “ “ peritonsillar abscess . . . 

12 " " severe, progressive suppuratiye infec- 

tions, 10 of which had septicemia 
8 “ " rheumatic fever 

5 “ “ acute hemorrhagic nephritis. 

Total 58 

The observations were made with samples of 
blood obtained at repeated intervals during the 
course of the illness, both before and after recov- 
ery\ Whenever it was possible, blood was pto- 
cured at times when changes in the clinical course 
of the disease occurred, as represented by definite 
improvement, or the appearance of additiona 
spread of the infection, or an increasing termina 
septicemia. 

The technical procedures, by which the disso v- 
ing action of streptococci on human fibrin is 
demonstrable, have been previously described m 
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TABLE I 

Cases of erysipelas 


Cast 

numbtr 

Patient. 

llisloo* number. 

Date of adm5«sioa 

Sex and 
aRC 

Day of di5*^Je 
on admission 

Approximate day 
of recovery 

Fibrinolytic test 

Day of di'ease 

1 (blecdin;?) 

Result 



yeers 





1 

Tin. 

M. 

3d 

12th 

3d 

— 


19028 

48 



1 lOth 

+ -r + -f 


March I, 1934 




22d 

-F-f--r-F 

2 

Che. 

F. 

3d 

6th 

3d 

JL 


21873 

31 



8th 



April 22, 1934 




ISth 

-F-f -f-r 

3 

M>'e. 

M. 

6th 

11th 

6th 

— 


40590 

25 



9th 



May 9. 1934 




14th 


4 

Hoi. 

F. 

8th 

10th 

8th 



53585 

4 



16th 

4-f-f-F 


Fcbniarj' 3, 1934 






5 

Hop. 

M. 

6th 

8-lOth 

1 6th 

-Fd-f- 


52913 

38 



14th 



December 27, 1933 




i 


6 

Fis. 

M. 

9th 

9th 

9th 

+-F+ 


52966 

13 



16th 

-F-F-r-r 


December 30, 1933 




' 


7 

Dob. 

F. 

10th 

I7th 




863 

26 






Noi-ember 30, 1933 





— 

8 

Ber. 

F. 

2d 

5th 

2d 

1 


54474 

38 



6th 

— 


March 25, 1934 




lltb 

— 






14th 


9 j 

Bau. 

F. 

2d 

9th 

3d 

-i. 


43418 

22 



8th 

J. 

1 

December 15, 1933 

1 

1 


12th 

-F-F-F-F 

10 

Car. 

.M. 

6th 

ll-18tb 

6th 




53443 

60 



12 th 

— 


January 25, 1934 j 




21st 

-r-h-h-h 

11 

Kar. 

F. 1 

4th 

7th 

4th 

"F 


53577 

38 



7th 

-F-F 


February 1, 1934 




12th 

T-+-F-F 

12 

Bri. 

M. 

4th 

[ 4th 

5th 



53162 

8 



13th 

— 


January 10, 1934 




* 


13 

Gra. 

F. 

4th 

9th 

4th 

+-F 


54472 

31 



lOth 

-F-F-j — p 


March 25, 1934 






14 

Cla. 

M. 

4th 

9th 

6th 

-F-F 


53856 

68 



12th 



February 18, 1934 






15 

Cun. 

F. 

3d 

5th-7th 

3d 



54007 

45 



12th 



February 28, 1934 




18th 

-L 

16 

Hor. 

F. 

6th 

23d 

6th 



53792 

56 



16th 

— 


February 14, 1934 




18th 

— 






22d 

— 






24th 

— 






35th 

— 
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detail (1). Briefly summarized, a test consists in 
mixing plasma from the patient’s blood with a 
highly fibrinolytic living broth culture of strepto- 
cocci. Coagulation of the plasma-culture mixture 
is induced by the addition of CaCh. The tubes 
are then placed in the water bath at 37.5° C. and 
the time between clot formation and dissolution 
is noted. The activity of the test culture (Strain 
Co) was always established by the use of plasma 
clot from the blood of a normal individual. The 
cultures, which were utilized in testing the pa- 
tient’s blood, always dissolved the coagulum of 
normal blood in less than fifteen minutes. 

A measure of the resistance to lysis, which may 
occur with the fibrin clot of a patient’s plasma, 
has been obtained by determining the time re- 
quired for liquefaction. Since the interval varied 
with the blood of different patients, the degrees of 
resistance have been graded in the following man- 
ner. 

-f'-b-b-f' indicates no dissolution in 24 hours. 

-j — b"b “ dissolution in 8 to 24 hours. 

-b-b “ “ “ 3 to 8 hours. 

-b " “ “ 1 to 3 hours. 

— “ “ “ less than 1 hour. 

The above schema is used in the Tables of this 

article. 

Cases of erysipelas 

The data concerning these sixteen cases are 
recorded in Table I. All of these patients recov- 
ered. 

Thirteen (81 per cent) of the sixteen patients 
with erysipelas either developed resistance to the 
streptococcal fibrinolysin during the period of ob- 
servation or exhibited a high degree of insuscep- 
tibility at the time of obtaining the first sample 
of blood. 

One patient, Number 15, possessed a moderate 
degree of resistance on the third day of disease, 
but it decreased during convalescence. This pa- 
tient was treated with anti-erysipelas serum. 

Two patients. Numbers 8 and 16, developed no 
demonstrable antifibrinolytic response during the 
stay in the hospital. It is interesting to note that 
one of these patients (Number 16) had a second 
attack of erysipelas immediately following the 
first. Ultimate recoven,- was, however, complete, 
even though the usual response was not detected. 
The illness in the other patient (Number 8), who 
failed to develop an appreciable resistance to lysis, 


was not unusually prolonged. Her recovery was 
complete and uneventful. 

From an analysis of the results in Table I with 
respect to the time of the appearance of anti- 
fibrinolytic resistance in relation to the course of 
the disease, it can be noted that hvelve of the 
sixteen patients possessed the property (rated +-b 
or stronger) at or about the time of recovery. 
This relationship was approximated regardless of 
the duration of the illness, the two extremes of 
which are exemplified by Patient Number 12 who 
recovered on the fourth day and had an anti- 
fibrinolytic titer of d-b-b-b on the fifth day, and 
by Patient Number 7 who recovered on the seven- 
teenth day and had an artifibrinolytic titer of 
+++ on the eighteenth day. 

In spite of the frequency with which anti- 
fibrinolytic resistance closely attends recovery, its 
appearance in erysipelas is occasionally delayed 
until convalescence is advanced. An example of 
this can be noted in the course of events in Pa- 
tient Number ,10 who began to improve on the 
eleventh day but his blood possessed no antilytic 
property until the twenty-first day. 

Cases of scarlet fever, acute tonsillitis, and pen- 
tonsillar abscess 

Each of the seventeen cases, included in this 
group, had an illness characterized by acute onset, 
relatively short febrile course, and uneventful re- 
covery. The results are presented in Table Ih 
Hemolytic streptococci of the beta type were the 
predominant organisms present in throat cultures 
from each of the patients. 

Eleven (64 per cent) of the seventeen patients 
either developed antifibrinolytic properties during 
the stay in the hospital or possessed the specific 
resistance to a high degree at the time of obtain- 
ing the first sample of blood. Blood from the 
remaining six, however, did not inhibit lysis even 
though tests were made with specimens obtainc 
late in convalescence. 

The frequency with which patients having acute 
upper respiratory infections developed antil>fic 
resistance was less (64 per cent) than that 
with the erysipelatous group (81 per cent). ^ 
second difference between these two groups %-as 
noted by the fact that antilytic properties were 
usually not demonstrable in the blood of patients 
with acute infections of the throat (for examp 



TABLE 11 

Cases oj scarlet fever, acute tonsillitis, and peritonsillar abscess 


Case 

num- 

ber 

Talicnt. 

ni?tor>' number. 

Date of admissicti 

See and 
asc 

Disease 

Approximate 
day of 
recoverj' 

Fibrinolj-tic test 

Day of disease 
(bleedins) 

Result 



•jenTS 





1 

Rav. 

F. 

Scarlet fever 

9th 

2d 

— 


52175 

23 



9th 

— 


November 8, 1933 




14th 

“f" “T 






21st 

-r+-f-r 

2 

Den. 

M. 

Scarlet fever 

5th 

Sth 

— 


Not hospitalized 

12 



ISth 

-f -r 


Case 




21st 

-r-r-f d- 

3 

Ov.-i. 

F. 

Scarlet fever 

Sth-Sth 

6th 

‘T'T'T^'T' 


52432 

5 



33d 

-p 


November 23, 1933 






4 

Jon. 

F. 

Scarlet fever 

7th 

7th 

— 


51844 

15 



14th 

— 


October 19, 1933 




2 1st 

— 






27th 

— 

5 

Kea. 

M. 

Scarlet fever 

9th-12th 

3d 




53S04 

7 



1 4th 

— 


Februarj- 15, 1934 




24th 

— 






44th 


6 

Sco. 

.M. 

Peritonsillar abscess 

10th-13th? 

3d 



52522 

43 



Sth 



No-veraber 30, 1933 




12th 


7 

Shi. 

M, 

Peritonsillar abscess 

13th 

6th 



52293 

20 



15th 

-1. 


November 15, 1933 




24th 


8 

Sha. 

.M. 

Peritonsillar abscess 

12th 




55051 

27 






April 23, 1934 






9 

Mer. 

F. 

Acute tonsillitis 

6th 

3d 

-i- 


52433 

22 



lOth 

_r 


November 23, 1933 




20th 


10 

Lan. 

F. 

Acute tonsillitis 

mmntm 

4th 



54312 

23 



9th 

_L. 


March 18, 1934 



IH 

24th 


11 

Hec. 

M. 

Acute tonsillitis 

7th 

4th 

J. * f 


52886 

26 



12 th 

4- -I — u-u 


December 26, 1933 






12 

Gei. 

M. 

Acute tonsillitis 

3d 

3d 



2768 

30 



Sth 




December 12, 1933 




23d 


13 

Hen. 

F. 

Acute tonsillitis 

10th 

4th 



54587 

28 



10th 



March 31, 1934 




21st 

J--! ! L- 

14 

Ber. 

F. 

Acute tonsillitis 

5th 

3d 



8458 

34 



8th 

«! L._I_ 


October 23, 1933 




18 th 

L_^ 

15 

Vol. 


Acute tonsillitis 

4th 

3d 

_ 


53252 




27th 



January 15, 1934 

— Pi 





16 

Bla. 

M. 

Acute tonsillitis 

5th 

3d 



51994 

22 



9th 



October 30, 1933 




18th 








30th 

- 

17 

Gar. 


Acute tonsillitis 

Sth 

5th 



Not hospitalized 




18th 

__ 


Case 




27th 








36th 

~ 






45 th 

— 
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Number 1 and Number 12) promptly at the time 
of recovery but appeared from the second to 
fourth week in convalescence. The delayed re- 
sponse, often encountered in patients with acute 
streptococcus infections of the throat, was noted 
in the former report (4) and seems to be char- 
acteristic of the upper respiratory type of infec- 
tion. 

Cases of severe, progressive suppurative infec- 
tions, and septicemias 

In contrast to the patients just described, in 
whom the illness was brief and recovery occurred 
early and was complete, the cases, twelve in num- 
ber, which will now be presented, had severe in- 
fections. Seven of them died. Ten had septi- 
cemia. 

In Table III the results of tests with the plasma 
clot from the patients are given together with 
brief notation of relevant clinical data. 

From Table III it can be seen that the blood 
from only three (25 per cent) of the twelve pa- 
tients in this group was capable of significantly 
retarding the fibrinolytic bacterial activity. It is 
also noteworthy that all three of the patients who 
developed antifibrinolytic properties, recovered. 
Two of the three had septicemia and the antilytic 
response was demonstrable in the period of time 
during which the general infection disappeared. 
The observations were not made, however, with 
sufficient frequency to determine the exact time 
I'elationship between the cessation of septicemia 
and the appearance of the antifibrinolytic effect. 

Of the remaining nine patients, none possessed 
humoral, antifibrinolytic properties. Seven of 
them died of the streptococcus infection. Some 
of the fatal cases died very soon after the begin- 
ning of the infection and so may have succumbed 
before tlie response could be elicited. 

The two patients (Numbers 1 and 2), who re- 
covered, but in whose blood antifibrinolytic proper- 
ties were not detectable, were of special interest. 
They were followed through long severe illnesses 
and also during convalescence. In no test with 
the blood of either patient did the rate of clot 
dissolution differ from that of normal blood. It 
is of interest to note, however, that the reactiva- 
tion of the infection occurred in the third to 
fourth week after the beginning of the first signs 
of the illness. In the course of the self limiting 


acute streptococcus infections of the upper respir- 
atory tract (Table II) it has just been noted that 
this late period was found to be the time at which 
antifibrinolytic resistance frequently appeared. 
The possibility is suggested, therefore, that the 
liability to exacerbation or continuation of infec- 
tion is greater among patients without antilytic 
resistance than in those who develop the capacity 
to inhibit fibrinolytic activity. 

When the data presented in this article are 
analyzed with respect to the activity of the infec- 
tion in relation to the presence or absence of 
antifibrinolytic properties in the blood, the follow- 
ing results are obtained : 

Of thirteen patients, who did not possess anti- 
lytic properties -within three weeks after the first 
manifestations of infection (Patients Numbers 8 
and 16 in Table I, Numbers 4, 5, 8, 15, 16, and 
17 in Table II, and Numbers 1, 2, 3, 6, and 9 in 
Table III), two died (Numbers 6 and 9 in Table 
III) and four had recrudescences and prolonga- 
tion of the illness (Number 16 in Table I, and 
Numbers 1, 2, and 3 in Table III). In contrast 
to this result, none of the twenty-eight patients, 
who developed resistance to streptococcal lysis, 
showed any evidence of continued bacterial in- 
vasion after the specific response was established. 

Cases of acute rheumatic fever and acute hemor- 
rhagic nephritis 

Of the thirteen patients, who comprise this 
group, each had signs and laboratory findings in- 
dicating active rheumatic state or renal involve- 
ment. In addition, each case either gave the usual 
history of some local infection preceding the vis- 
ceral affection or presented, at the time of admis- 
sion, evidence of such an infection. The site of 
the activating infection is given in Table IV- 
From four of the eight rheumatic patients and 
from each of the nephritic cases, hemolytic strep- 
tococci of the beta type Avere recovered. Since 
repeated throat cultures were not made on the 
four rheumatic patients who were negative^ for 
hemolytic streptococci on one or two occasions, 
the bacteriological findings may be inconclusive. 

The clinical course of the patients outlined in 
Table IV, is given with respect to day of disease 
from the standpoint of the local acute infection, 
and not on the basis of the rheumatic fever o* 
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TABLE HI 

Cases of septicemia and screre supptiralke infections 


Case 

nuta- 

ber 

PaltenU 

llistory number. 
Date of admission 

Sex and 
asre 

Inituil infection 

Coraplicationi 

Final outcome 

Day of 

dlSC3.se 

Blood 

culture* 

Fibrinolytic 

test 



yfsrs 


1 





1 

Sta. 

F. 

Scarlet fever 4 

! Otitis media. 

Recovered. 

25 th 

— 



SI946 

5 

treeks ago 

; mastoiditis, sinus 

Temperature 

43th 

80 

— 


October 27, 1933 


thrombosis, mul- 

normal about 

53th 

4* 

— 





tiple abscesses 

85th day 

70th 

380 

— 





SOth 

4- 

— 









— 







115th 


— 

2 

Hos. 

M. 

Otitis media 18 

Mastoiditis, si- 

RecoA-ered. 

20th 




54874 

12 

days ago 

nus thrombosis. 

Temperature 

25th 

3 

— 


.^pril 14, 1934 


osteomyelitis 

normal about 

30th 

— 

— 




i i 

45th day 

43th 

— 

— 





' i 

65th 


— 

3 

Wal. 

F. 

Upper respira- 

-Adenitis, osteo- j 

Reco\'ered. 

15th 

500 -k 



81278 

10 mos. 

tor>- infection 7 

j myelitis, mul- 

Temperature 

25th 

70 

— 


December 8, 1933 


days ago 

j tiple abscesses 1 

normal about 

45th 


— 



SOth day 

65th 

— 

-f-j £.4. 






120tb 


— 

4 

Woo. 

F. 

Otitis media 6 

Erysipelas, 

Recovered. 

10th 

minii 



51424 

58 

days ago 

mastoiditis 

Temperature 

15th 




March 23, 1934 



normal about 

20th 






i 

1 7th day 

30th j 



5 

For. 

F. 

Acute tonsillitis 

I 

; Pneumonia 

Recovered. 


Hish 

[ > 


53143 

January 9, 1934 

25 

2 tveeks ago 


Acute process 
subsided about 



t r f t 


I Group I\0, 


! 4--i 





20th day 

120th 


t • i 


6 

Bea. 

M. 

Otitis media 10 

1 Mastoiditis, 

Died 90th day 

75th 




54716 

April 6, 1934 

8 

weeks ago 

1 brain abscess 

85th 


4^ 


7 

Cay. 

F. 

Cervical adenitis 

! Abscess of neck 

Died 9th day 

6th 




29871 

December 18, 1933 

41 

5 days ago 


8th 

15 

— 


8 

Wil. 

F. 

Abortion 2 days 

Puerperal sepsis 

Died 15th day 

5th 

» 



54087 

March 1, 1934 

36 

ago 

14th 

“7" 

— 



9 

Fie. 

F. 

Postpartum 6 

Puerperal sepsis 

Died 27th day 

9th 

mm 

_ 


21184 

23 

days 


18th 

t 



March 30, 1934 




25th 

-L 

- 

10 

Mol. 

F. 

Acute tonsillitis 

Peritonitis 

Died 8th day 

5th 

2 



52816 

December 20, 1933 

20 

4 daj-s ago 

1 






11 

Nea. 

53549 

February 9, 1934 

F. 

21 

Postoperative 

Wound infection 

Died 7th day 

4th 

■ 


12 

Bai. 

F. 

Postoperative 

Wound infection 

Died 7th day 

3d 

105 



53830 

March 5, 1934 

63 



6th 

1000 




Numerals indicate number of colonies of hemolytic streptococci per cc. of blood. 
+ sign indicates positive culture not measured quantitatively. 

— sign indicates negative culture. 
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TABLE IV 

Cases of active rheumatic fever and acute hemorrhagic nephritis 


Case 

num- 

ber 

Patient. , 

History number. 
Date of admission 

Sex and 
age 

Rheumatic fever 

Local infection 

Fibrinolytic test 

■ Rheumatic slate 
at time of 
last test 

Site 

Duration 
of symp- 
toms 

Culture* 

Day of dis- 
ease (local 
infection) 

Result 

1 

Lew, 

30093 

November 23, 1933 

years 

F. 

17 

Recurrent for 12 
years 

Throat 

1 

5 days 

Positive , 

1 

6th 

18th 

30th 

+ + 

+ + + + 

Improved, not 
quiescent 

2 

Gil. 

52627 

December 6, 1933 

M. 

16 

First acute symp- 
toms 3 weeks ago 

Throat 

3 weeks 

2 cul- 
tures 
negative 

21st 

30th 

45th 

55th 

+ + 

+ 

Quiescent 

3 

Cor. 

54357 

March 19, 1934 

M. 

39 

First acute symp- 
toms 1 month ago 

Throat 

3 weeks 

1 cul- 
ture 

negative 

27th 

55th 

+ + +. 
+ + + 

Improved, not 
quiescent 

4 

Dec. 

23642 

November 7, 1933 

M. 

32 

Recurrent for 7 
years 

Upper 

respira- 

torytract 

1 

month 

(mild) 

Positive 

21st 

35th 

+ + + -i- 
+ + + 

Improved, not 
quiescent 

5 

Col. 

35136 

May 14, 1934 

F. 

16 

Recurrent for 3 
years 

Throat 

1 

month 

Positive 

3Sth 

55th 

1 

+ + + 

+ + 

Quiescent 

6 

Gro. 

52448 

F, 

13 

Chorea 5 years 
ago. Polyarthritis 
3 weeks ago 

? 

? 

1 cul- 
ture 

negative 


+ + 

+ 

Quiescent 

7 

Sch. 1 

55180 

April 30, 1934 

F. 

14 ' 

Recurrent for 6 
years 

Throat 

6 weeks 

1 cul- 
ture 
negative 

40th 

50th 

120th 

+ + -f + 
+ + + + 
+ + + 

Unimproved 

8 

Rol. 

55651 

May 22, 1934 

F. 

14 1 

First symptoms 2 
weeks ago 

Throat i 

i 

3 weeks 

Positive 

30th 

55th 

85th 

+ + + + 
■1-4- + 

Quiescent 




Acute nephritis 






Acute nephritis 

1 

Yan. 

46383 

January 1, 1934 

F. 

19 

First signs 14 
months ago 2nd 
admission 

Throat 

1 

3 days 

Positive 

4th 

18th 

30th 

45th 

+ + + + 
+ + 

+ 

Improved 

2 

Ger. 

52952 

December 27, 1933 

F. 

15 

Edema appeared 
5 days ago 

Finger 

1 

2 weeks 

Positive 

15th 

35th 

55th 

+ + + + 
-f-+4-+ 

Improved 

3 

McK. 

iMarch 18, 1934 

M. 

33 

Edema appeared 
5 months ago 

Furun- 

culosis 

(recur- 

rent) 

9 

months 

Positive 

On 

Adm. 

21st? 

35th? 

++ 

++ 

+ 

Slightly im- 
proved 

4 

Pai. 

52292 

November 15, 1933 

F, 

45 

Hematuria on ad- 
mission 

Ery'- 

sipelas 

6 days 

Positive 

B 

+ + 
4*+. 

Improved 

5 

Sho. 

5-1066 

.March 4, 1934 

M. 

24 

Appeared after ad- 
mission 

Periton- 

sillar 

abscess 

I 5 days 

1 

1 Positive 

6th 

ISth 

27th 

55th 

— 

Improved 


* Refers to presence or absence of hemolytic streptococcus of the beta type. 
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nephriris. In a few instances, where the data are 
uncertain, the questionable factors arc indicated. 

Rheumatic fever. The results obtained with 
the dght cases of rheumatic fever (Table IV), 
demonstrate that resistance was present in the 
first specimen of blood or developed during the 
period of observation. The appearance of anti- 
fibrinolrtic properties in patients with rheumatic 
fever seemed to follow the acute upper respiratory 
infection with about the same regularit}' as has 
been found in uncomplicated cases of acute tonsil- 
litis, and was equally as definite in the patients 
from whom hemolytic streptococci were not re- 
covered as in the others ha\*ing positive cultures. 
Hadfield, Magee and Perrj’ (5) have reported the 
results of obser\-ations on the antifibrinoljTic re- 
sistance in a large number of patients with active 
or latent rheumatic fever. These investigators 
found that the plasma clot from cases of active 
disease was frequently resistant to lysis, whereas 
the fibrin from the blood of quiescent cases was 
susceptible. They further indicate that the deter- 
mination of the presence or absence of the anti- 
fibrinoljtic effect of the blood may be helpful in 
estimating the activitj- of the rheumatic state. 
The results obtained in this laboratory with a 
small group of patients confirm the findings of 
Hadfield and his associates. 

Acute hemorrhagic nephritis. Each of the five 
cases of acute nephritis (Table IV) had a local 
infection from which hemol 3 'tic streptococci of 
the beta tj'pe were isolated. The plasma clot from 
four of the patients was definitely resistant. The 
fibrin from the blood of one patient (Sho.), who 
had peritonsillar abscess followed later by hema- 
turia, was found to be susceptible in each of five 
tests performed at intervals for about seven 
weeks. 

The presence of antifibrinol}Tic properties in 
the blood of patients with acute nephritis appears 
to follow the activating streptococcus infection in 
a manner comparable to the spedfic response 
evoked by acute diseases not complicated by renal 
involvement. 

In summarizing all of the observations which 
are included in this article, the following results 
emerge : 

Of thirtj'-eight patients who recovered from 
acute streptococcus infections, tsventy-eight (73.6 
per cent) either possessed at the time of admis- 


sion, or subsequently developed, a definite degree 
of antifibrinolvdic resistance. 

Of seven cases dying from infection hy hemo- 
l}'tic streptocoed, the fibrin clot from each was 
susceptible up to the time of death. 

Of eight patients with acute rheumatic fever, 
the plasma clot from each was resistant during ac- 
tive infection. 

Of five patients with acute hemorrhagic nephri- 
tis, four possessed antifibrinoljtic resistance. 

DISCUSSION 

The frequenej" with which recovery' from acute 
hemolytic streptococcus diseases is followed by 
the appearance in the drculating blood of a spe- 
cific antisubstance directed against the fibrin dis- 
sohnng action of streptococci, demonstrates the 
fact that the body' takes cognizance of the fibrino- 
lytic property of the infecting organism. 

The results, which are presented in this report, 
concern the occurrence of the antifibrinolytic re- 
sponse in the blood of patients in relation to the 
course of the illnesses. For this purpose, cases 
were selected for study which presented different 
types of acute streptococcus infections of differ- 
ent degrees of severity. The diseases ranged 
from mild self limiting processes to more serious 
types of general infection or metastatic suppura- 
tion. The results demonstrate that most of the 
patients (73.6 per cent) who recovered possessed 
humoral antifibrinolytic properties. On the other 
hand, a few others overcame the infection ^-ithout 
evoking an antilytic response. The development 
of antifibrinolysin, therefore, as measured in the 
circulating blood, although a common occurrence, 
was not found to be a universal sequel to acute 
streptococcus diseases. It is interesting to note, 
however, certain striking differences between the 
course of the diseases in the patients, who devel- 
oped antifibrinoly'tic activity', and others, whose 
blood was devoid of this property'. For example, 
antifibrinolysin was found in the blood of those 
indiv'iduals only' w'hose recovery' was complete and 
whose convalescence was not interrupted fay' addi- 
tional reactivation of the streptococcus infection. 
On the other hand, antifibrinoly'sin was not de- 
tected in the blood of cases of fatal infection, and 
did not appear at the usual time (first to fourth 
w'eek) in others mth metastasizing suppurative 
processes. 
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auscultation during immersion was continued for 
five minutes. At the end of this time observations 
on the capillary pulsation were again made and 
systolic and diastolic blood pressures again meas- 
ured. 


from a sharp loud to a low muffled sound. Care 
was taken to maintain the temperature of the wa- 
ter at 114° F. by adding hot water when iieces- 
saiy. 

The capillary pulsation immediately before and 



'I'lie standard mercury sphygmoinanuineter 
with cull 14 cm. wide was used. All niea.surc- 
ments were made within the minute immediately 
preceding and following the immersion of the 
foreai'in in hot water. 1 he arterial dia>tolic j)res- 
snre reading ^vas taken at tlu‘ piunt of chtingc 


after immersion was sought by pressing with a 
glass slide over the pads of the distal phalanges 
of the fingers. Each observation was checked 1>> 
two observers, one of whom cfiimted the alternate 
wa.xing and waning of the jinlsation, while the 
other checkefl this with the jiatient’s jailse. h' 
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each ease the observer's own pulse was eliminated 
as a possible determining^ factor. 

Only diastolic murmurs that could be main- 
tained indefinitely and that filled or practically 
filled the entire duration of diastole were consid- 
ered typical of Duroziea’s sign. In the older age 
groups a definite diastolic munnur produced in 
the usual manner and heard during many suc- 
cessive cycles generally lasted only tiirough ap- 
proximately three-fourths of diastole. Such mur- 
murs were included as positive. Throughout the 
study the patient was at rest. Enough obseni’a- 
tions were made on difterent days to be certain 
of the constanc}* of findings for each patient. 

OBSERVATIONS 

A. Diiroziccs sign in normal subjects^ and in pa- 
tients zoith arterial hypertension 

Variation zrith age. In subjects with no evi- 
dence of cardiovascular disease the incidence of 
the artificially produced Duroziez’s sign is great- 
est in young subjects and decreases with advanc- 
ing years (Figure 2). In subjects between the 
ages of 20 and 40 years, Duroziez’s sign was prac- 
tically always obtainable; in middle age, 40 to 60 
years, the incidence dropped sharply to about 40 
per cent; past 60 years of age, the incidence grad- 
ually declined further, and in patients beyond the 
age of 70, Duroziez’s sign of the peripheral type 
was never obtainable. 


In patients with arterial hypertension the inci- 
dence of Duroziez’s sign of the peripheral tj'pe 
was generally lower than in subjects with normal 
arterial pressure; and the incidence declined more 
sharply toward zero as age advanced (Figure 2). 
The lowered incidence in arterial hypertension is 
even more striking when the 42 normal subjects 
arc contrasted with the 41 patients with hj-per- 
tension of similar ages (Table I). 


TABLE I 

Incidence of Dtiroaicz's sign according la age 



Xormal sab;ect5 i 

Patients with arterial 
f:>*pertcnsion 

Age 

Number' 
of 1 
sabjecta ' 

Positive Duiozitz 

Number' 

Positive Durcriez 


Subjects 

1 

Per cent j 

subjects 1 

i 

1 

Subjects 

Percent 

yicrs 







40 to 60 

33 

14 

42 

24 

6 

25 

60 to 73 

9 

3 

33 

17 

0 

0 

Total and 






1 

averages 

42 

17 

40 

41 

6 

1 


Dnrosies’s sign and pulse pressure. No rela- 
tion beriveen the magnitude of pulse pressure and 
the incidence of Duroziez’s sign was found in nor- 
mal persons under the age of fifty. Above that 

TABLE n 


IC2U1 SC3JI: 


rmtsTs f.rz ECESijiijs 


Incidence of Duroaies's sign according to pulse pressure 





- 


Normal subjects 


Patients with arte- 
rial hypertension 

Pulse 

Voder 50 years 

Over 50 years j 


All ages 






— 




pressure 

Dororiez's sign 

Duroziez’s sign 

Daroziez's si^n 


-h 

- 

Percentage 

IX)sitive 


- 

Per- 

centage 

jwsitive 

-r 

1 

Percentage 

jxjsitive 

mm. Bg 










20 to 40 

11 

6 

64 

8 

4 

66 

— 





40 to 60 1 

18 

8 

69 

0 

10 

0 

4 

4 

SO 

60 to SO 


— 





1 

1 10 

9 

SO to 100 

— 






1 

1 10 

9 

100-r 






— 

0 

i 10 

i 

0 


Fig. 2. Dueoziez’s Sign in NoRiiAL Subjects and 
Patients with Hypertension. 

Variation in percentage inddence of Duroziez’s sign 
with age. 

“ For the purpose of this study patients with no evi- 
dence of cardiovascular disease are considered normal. 


age, however, and in hypertensive subjects of all 
age groups, it was found that the greater the 
pulse pressure, the lower the inddence of Duro- 
ziez’s sign (Table II). 

Durozies’s sign and diastolic blood pressure. 
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The incidence of Duroziez’s sign in normal sub- 
jects with diastolic blood pressures below 80 mm. 
of mercury was compared with that in normal 
subjects with pressures above 80 mm, of mercury. 
Taking into account the influence of age, those 
with the higher diastolic pressure showed Duro- 
ziez’s sign more frequently. This relationship 
was even more pronounced in the patients with 
arterial hypertension (Table III). 

TABLE III 

Incidence of Durosies’s sign according to diastolic blood 

pressure 



Normal subjects 

Patients with arterial 
hypertension 

Diastolic 







blood 


Duroziez’s sign 


Duroziez’s sign 

pressure 








-b 


PercentaEC 

+ 


Percentage 



positive 


positive 

mm. Hg 
60-80 

15 

15 

SO 


3 

0 

80-100 

20 

10 

66 

0 

12 

0 

100-120 

— 

— 

— 

3 

13 

19 

120+ 

— 

— 

- — 

3 

6 

33 


Durosies’s sign and pulse rate. We found no 
relation between the radial pulse rate and the inci- 
dence of Duroziez’s sign. Immersion of the arm 
had no apparent effect on the pulse rate or on the 
systolic or diastolic arterial pressure. 


Incidence of spontaneous capillary pulsation. 
It is of interest to note the number of subjects 
showing spontaneous capillary pulsation. Of 
sixty-three normal subjects, nineteen, or 30 per 
cent, were positive; of forty-one patients with 
hypertension twenty-two, or 55 per cent, were 
positive. Almost all of these patients had normal 
body temperature and were examined under simi- 
lar external conditions, the room temperature 
varying only from 74° to 76° F. 

Spontaneous capillary pulsation and age. In 
the normal subjects no relationship between age 
and the presence of spontaneous capillary pulsa- 
tion was apparent. In the hypertensive group, 
however, the older age groups showed a greater 
incidence of spontaneous capillary pulsation (Fig- 
ure 3). This was attributable not to age, per se, 


KOHMAL SUBJECTS 


PiTIBKTS KITH HYPffillSSIOX 



I 

I 




jo-jaJ40.50-60-70* 37 - 5 ®"?°* 


B. Capillary pulsation in normal subjects and in 
pafiejits zvith arterial hypertension 

Capillary pulsation after immersion. Capillary 
pulsation was present after immersion in all cases 
of all groups. This finding differs somewhat 
from the observation of Lewis (2), He states 
that there is an obvious, though not wholly con- 
stant relation between age and exhibition of capil- 
lary pulsation in the heated skin. " Subjects 
ranging in age from seventeen to thirty-five dis- 
play capillary pulsation most fully and with much 
uniformity in its degree. As age advances into 
and beyond the forties it becomes less evident than 
in young people and many are found in which it 
is but slight ... or in which it is altogether ab- 
sent.” ^^’■e have never found it absent in the 
heated skin and have found only a slight, if any, 
relationship between intensity and age. 


Fig. 3. Capillary Pulsation in Normal Subjects 
AND Patients with Hypertension. 
Variation in percentage incidence of spontaneous capil 
lary pulsation with age. 


but rather to the fact that the older subjects in 
the group showed the widest pulse pressures. 
Spontaneous capillary pidsation and pulse pfes 
sure. Both in the normal and hypertensive su 
jects the incidence of spontaneous capillary pulsa 
tion varied directly with the magnitude of pti se 
pressure, as seen below. 


Pulse pressure 
mm. 

20-60 . 
60-80 . 
80 -b . 
.Average 


Normal subjects 
with spontaneous 
capillary pulsation 


per cent 

.. 27 
,, 75 


Subjects with 
arterial bypertensh-a 
with spontaneous 
capillary pulsan^® 


percent 

30 

56 

75 

55 


30 
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The relatively greater incidence of spontaneous 
capillar}- pulsation in hypertension is due, wc be- 
lieve, to the wider pulse pressures so frequently 
seen in this disease. 

Spontaneous capillary pulsation and diastolic 
blood pressure. The height of the diastolic blood 
pressure per se did not seem to influence the inci- 
dence of spontaneous capillar}- pulsation. In both 
hypertensive and normal groups spontaneous cap- 
illar}- pulsation was often found in patients with 
low diastolic pressure. This was probably due to 
the larger pulse pressures in such subjects. 

MISCELLANEOUS GROUP 

In view of the well known fact that the velocity 
and volume of blood flow frequently are increased 
in anemia and that this w-ould theoretically pre- 
dispose to the presence of Duroziez’s sign, four 
cases ivith primarv- anemia and two cases ivith sec- 
ondar}- anemia were studied. The three youngest 
patients showed Duroziez’s sign after immersion 
of the arm and the other three did not. 

Two cases of polycythemia vera with hyperten- 
sion showed no Duroziez's sign, which was in ac- 
cord with our findings in patients with h}-perten- 
sion. In both, spontaneous capillary pulsation was 
present. 

One case each of thrombo-angiitis obliterans and 
Ra}T:aud’s disease, interestingly enough, showed a 
positive Duroziez’s sign. In both, signs and 
symptoms of the disease were referable only to 
the lower extremities. 

COMMENT 

Until recently, the sign originally described by 
Duroziez, namely, a diastolic murmur heard over 
the larger peripheral arteries,* was always associ- 
ated with aortic insufficiency and was attributed 
to a diastolic reflux of blood foimd in that condi- 
tion. Of late it has been shown that this sign is 
not pathognomic of that disease, inasmuch as it 
has been demonstrated to be present in other con- 
ditions, and, in fact, can be artificially produced 
in normal individuals. Under such artificial con- 

* Duroziez’s original description referred to a diastolic 
murmur heard over the femoral artery, but clinical usage 
has sanctioned the wider application of this sign to a di- 
astolic murmur hrard over any of the larger peripheral 
vessels. 


ditions where aortic reflux is not a factor, Duro- 
ziez’s sign has been shown to be due to an increase 
in peripheral blood flow dependent upon the ex- 
tent of peripheral vasodilatation. To distinguish 
this type of Duroziez’s sign from that present in 
aortic regurgitation, w-e have termed it “ the 
peripheral type.” When, therefore, Duroziez’s 
sign of the peripheral type is not present spon- 
taneously and cannot be artificially induced, it 
may he assumed that the peripheral blood flow in 
the part studied cannot be sufficiently increased. 
Other factors being constant, either or both of the 
following situations may be present; (1) the mi- 
nute vessels cannot dilate sufficiently to permit the 
increased forward flow- of blood necessary to pro- 
duce Duroziez’s sign. (2) The number of minute 
vessels is decreased, even though those remaining 
are capable of dilating. The extent of the periph- 
eral \-ascular bed w-ould thus be decreased. Un- 
der such conditions changes in peripheral blood 
flow might still occur but the blood flow- would 
be insufficient to produce Duroziez’s sign. Howr- 
ever, Weiss and Frazier (4) have shown that the 
number of minute vessels of the skin is probably 
not diminished. The first mechanism would, 
therefore, seem to be the more important. 

The decreasing incidence of Duroziez’s sign 
of the peripheral type with advancing years sig- 
nifies a gradual reduction in the peripheral vas- 
cular bed due either to spasm or sclerosis of the 
minute vessels. Since local heat used in the elici- 
tation of this sign abolishes spasm, the lowered 
incidence of Duroziez’s sign is presumably due 
to a relative inability of the minute vessels to 
dilate or to a decrease in their number. The 
generally lowered incidence of Duroziez’s sign in 
patients with arterial hypertension is in harmony 
with the clinical and pathological observations of 
predominant involvement of the arterioles in that 
condition. 

Our studies were confined to the forearm and, 
although arteriolar sclerosis in muscle and skin 
according to certain pathological studies is con- 
sidered rare, the present clinical studies of Duro- 
ziez’s sign suggest that the peripheral functional 
vascular bed is affected to greater degree in such 
subjects than in similar persons with normal blood 
pressure. 

Three normal subjects failed to show a positive 
Duroziez’s sign, and six patients with arterial 
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The present state of our knowledge of nephro- 
sis leaves verj’ little doubt that the level of plasma 
proteins is one of the important factors that con- 
trol the fluid distribution between blood and tis- 
sues. According to the work of ^loore and Van 
Slyke (1) the relations between plasma protein 
content and nephrotic edema are such that the 
critical point below which edema occurs is ap- 
proximately 2.5 per cent albumin and 5.5 per cent 
total proteins. This has been found generally 
true both in pure nephrosis and in the nephrotic 
stage of chronic hemorrhagic nephritis. Simi- 
larly through a deficit in plasma proteins, edema 
may be brought about in dogs by plasmapheresis 
(2, 3) and occurs in man with malnutrition (4, 
5, 6, 7). While the plasma protein deficit in 
plasmapheresis and nutritional edema can be 
easily explained, the cause of low plasma protein 
in nephrosis is more obscure. Epstein (8, 9), 
Kollert (10) and others attribute the low albumin 
content to direct loss of albumin in urine, while 
Peters, Bulger et al. (11) emphasize the impor- 
tance of protein deprivation or starvation as an 
additional factor in the production of plasma pro- 
tein deficit in nephrosis. Through lack of appe- 
tite or through misdirected management patients 
with this disease receive a diet containing proteins 
far short of their needs. 

With a realization of the importance of a 
plasma protein deficit and its contributing causes, 
attempts have been made to raise plasma proteins 
by dietary means. Epstein (8) was the first to 
advocate a high protein diet in the treatment of 
nephrosis and clinical observation convinced him 
of the efficacy of the treatment. The use of a 
high protein diet was supported by the work of 


^ A preliminary report of this work appeared in Proc. 
Soc. Exper. Biol, and Med., 1933, 30, 986. 

^'This paper as revised by the authors was lost in 
transit to the Journal about September 1, 1933. Follow- 
ing inquiry from the authors on January 21, 1935, the loss 
was discovered. A copy of the manuscript was sent to 
the Journal and was received January 25, 1935. 


MacLean (12) and Worley (13). Others, how- 
ever, are less favorably impressed by Epstein’s 
diets. Linder, Lundsgaard and Van Slyke (14) 
are of the opinion that diets in nephrosis should 
contain an adequate but not an excessive amount 
of protein. Peters and his colleagues (11) have 
defined the dietary' requirements for nephritis 
more accurately. They conclude that besides 
enough protein to cover the nitrogen catabolism 
and that lost as albumin in urine, the patients 
should be given an additional amount of protein 
to repair the previous nitrogen wastage and, if 
possible, the plasma protein deficit. By the ad- 
ministration of large amounts of carbohydrate and 
fat it has been possible to reduce the protein catab- 
olism to 0.5 to 0.7 gram per kgm. of body weight, 
per day. 

The work reported in this paper was under- 
taken to discover a diet so constituted in caloric 
and protein intake that it would insure a maxi- 
mum gain in nitrogen without necessarily impos- 
ing on the appetite of the patients. The possible 
effects of varying proportions of animal and vege- 
table proteins were also taken into consideration. 
Such a study requires rigid dietary control for a 
long period of time and may not be applicable to 
many nephrotic patients in the active stage when 
they have precarious appetites. Consequently the 
number of patients suitable for such a study- is 
limited. We have two cases in which sufficient 
data have been obtained to permit us to draw cer- 
tain conclusions in regard to the composition of 
what may be called an optimal diet for nephrosis. 

EXPERIilENTAI. SUBJECTS 

Case 1. J. S. Y., a Chinese boy of 10 was admitted 
July 1, 1928, for edema of the face, extremities and geni- 
talia which had b^^ 3 weeks prior to admission. There 
was no history of febrile disease preceding the appear- 
ance of edema, nor was the present illness accompanied 
by any constitutional symptoms. He presented general 
anasarca, a temperature of 39.6° C., pulse 140, respiration 
34, blood pressure 100/66. No foci of infection were evi- 
dent in nose, pharynx, teeth, or ears. The ocular fundi 
were normal. There was no dullness over the lungs, but 
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rales were heard everywhere. The heart was not en- 
larged and no murmurs were heard. The abdomen was 
distended and there was free fluid in the peritoneal cav- 
ity. The urine contained -j — f- albumin, no sugar; in the 
sediment were found many white blood cells, red blood 
cells and hyaline and granular casts; the guaiac test was 
positive. The phenolsulphonphthalein excretion was 55 
per cent in two hours. There was no anemia. The leu- 
kocyte count varied between 7000 and 12,000. Blood 
chemical findings were as follows : nonprotein nitrogen 
35 mgm., uric acid 4.7 mgm., creatinine 1.5 mgm., and 
cholesterol 533 mgm., per 100 cc. ; plasma albumin 3.3 per 
cent and total proteins 5.2 per cent; carbon dioxide ca- 
pacity, 54 volumes per cent. The basal metabolic rate 
was — 9.4 per cent. 

There was on admission acute bronchitis which sub- 
sided promptly with return to normal of temperature and 
pulse rate. Edema decreased rapidly following catharsis 
with magnesium sulphate. After this, edema recurred at 
intervals. In December 1928, at the height of edema, a 
right maxillary sinusitis was discovered. Puncture se- 
cured thick pus, culture of which showed Streptococcus 
hcmolyticus, Staphylococcus aureus and B. coli. After 
repeated irrigations the sinusitis cleared up and edema 
disappeared. He gained 3 kgm. of body weight, without 
edema, in the next three months. The plasma proteins 
rose slightly, the albumin to 4.0 per cent and the total 
proteins to 5.9 per cent. Cholesterol decreased to 101 
mgm. per cent. The urine, however, still contained al- 
bumin and a few red blood cells. The patient was dis- 
charged in good condition in April of 1929. 

For the remainder of the year 1929, he stayed at home 
and did fairly well. But in the following year, 1930, he 
had to be readmitted to the hospital five times because of 
recurrences of edema. Each recurrence was apparently 
associated with some acute respiratory infection, such as 
tonsillitis, bronchitis and pharyngitis. After each admis- 
sion edema subsided promptly, although slight pitting 
over the ankles persisted. Tonsillectomy was done in 
May, during the fourth admission, with practically no 
reaction. During the year plasma albumin varied be- 
tween 1 and 2 per cent and total proteins between 3 and 
5 per cent. Usually marked edema was accompanied by 
lower plasma proteins. Blood cholesterol varied between 
300 and 500 mgm. per cent. 

On the sixtli admission the patient stayed in the hos- 
pital for approximately six months (from December 27, 
1930, to June 15, 1931). During this period, after the 
initial rapid loss of edema, his condition remained almost 
stationary. Slight pitting edema was always present 
over the ankles. Plasma albumin fluctuated around 2 
per cent, total proteins around 4.5 per cent, and blood 
cholesterol around 300 mgm. per cent. Albuminuria was 
constantly present to the extent of 1 to 4 grams per day. 
Sediment count according to the technique of Addis 
showed 2SO.OOO casts, 1,700,000 red blood cells, and II,- 
000,000 leukocytes and epithelial cells per 12 hours. Dur- 
ing the months of January to March, he served as an ex- 
perimental subject for the study of the effects on water 


balance of acids and alkalis. During March and April 
the effect of thyroid medication was studied. These stud- 
ies will be reported separately. 

In September 1931 he returned for his seventh admis- 
sion at our request. He had done well in the summer 
and on admission there was only slight edema over both 
tibiae. Plasma proteins were approximately at the same 
level as on preceding admission, although blood choles- 
terol was only 150 mgm. per cent and stayed at this level. 
The urine showed a faint trace of albumin. A sediment 
count revealed 56,000 casts, 4,500 erythrocytes, and 600,- 
000 white blood cells in 12 hours. Soon after admission 
he developed a febrile illness which lasted approximately 
three weeks. This proved to be paratyphoid A fever. 
He did not suffer much subjectively, although he lost 
approximately 2 kgm. in body weight and the plasma al- 
bumin came down to 1.5 per cent and total proteins to 
3.7 per cent at the height of the illness. Of great in- 
terest was the complete disappearance of albuminuria 
after he recovered from the infection. A sediment count 
revealed approximately 2000 casts, 200 red blood cells, 
and 13,000 leukocytes, figures well within normal limits. 
He was then entirely free from edema and steadily put 
on weight. The plasma albumin rose rapidly to approxi- 
mately 4 per cent and total proteins to 6 per cent, at 
which levels they remained throughout the remaining 
period of observation. He was, in short, considered a 
normal individual. His otherwise uneventful course in 
the hospital was interrupted by a mild attack of chicken- 
pox in April and of pityriasis rosea in May 1932. He 
stayed in the hospital for approximately 9 months. From 
October 16, 1931, to April 24, 1932, he was studied from 
the standpoint of nitrogen balance on diets containing dif- 
ferent amounts of calories and protein (see Table I) af’d 
different percentages of animal and vegetable proteins. 
From April 25 to June 11, he was again observed for the 
effect of thyroid medication so as to compare the resu ts 
with those of the earlier period in which he was still m 
the nephrotic state. 


Case 2. F. H. T., a farm laborer of 35, was admitted 
June 8, 1931, for ulceration of the skin of 10 months ^ 
ration and general anasarca of 4 weeks’ duration. 
was discharged improved June 13, 1932. A year prior 
to admission the patient had a venereal exposure o 
lowed by urethral discharge, a penile sore, and a seo 
eralized reddish papular skin eruption. These 
up promptly. Approximately 8 months prior to a rni 
sion, he noticed that many of the faded papules over 
extremities, buttocks, face and scalp began to spread a 
become ulcerated. Various local applications were m ^ 
without result. Four weeks prior to admission, c 
of the lower extremities was noted and very soon 
external genitalia, face, and upper extremitic--- 
involved. Scanty urination and loss of strengt v 
accompanying symptoms. There was no fever an 
appetite remained good. . 

Physical examination revealed a moderately _ 

slightly emaciated man with temperature 37— • ^ 

104, respirations 20, blood pressure 90/70. Over 
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right thigh, left popliteal and elbow regions, buttocks, 
face and scalp, there were large areas of superficial an- 
nular ulcerative lesions with atrophic scars in the center. 
The lower extremities, external genitalia and lower lum- 
bar region were markedly edematous, while the forearms, 
backs of hands and abdominal wall were slightly so. He 
had advanced tradioma with ectropion of the left lower 
eyelid. The pupillary reactions and ocular fundi were 
normal. The epitrochicar and inguinal lymph nodes were 
palpable. The lungs were clear, although the bases were 
high. The heart showed no abnormality. The abdomen 
was distended, with bulging of the flanks, a fluid wave 
and shifting dullness. 

• Laboratory cxamiiialioits. The urine contained -f — f— {- 
albumin with many hj-aline and granular casts and leuko- 
cytes. No red blood cells were noticed on repeated ex- 
amination. A smear of the sediment showed gram- 
negative diplococci, both extra- and intracellular. The 
phenolsulphonphthalein excretion was 15 per cent in 2 
hours, the urea clearance test, 33 per cent of normal. 
A sediment count (Addis) showed white blood and epi- 
thelial cells to be 1.4, red blood cells 0207 and casts 0.726 
million per 12 hours. Blood counts revealed slight ane- 
mia with a normal number of white blood cells. Blood 
Wassermann and Kahn tests were both strongly positive. 
The blood nonprotein nitrogen was 63 mgm. per cent, 
cholesterol 208 mgm. per cent, plasma COj capacity 45.8 
volumes per cent, plasma albumin 1.11 per cent and total 
proteins 3.15 per cent Stools contained trichomonas and 
ova of ascaris and hookworm. The basal metabolic rate 
was — 4.3 per cent. 

The main diagnoses in this case were nephrosis and 
syphilis with skin manifestations. Chronic gonococcal 
urethritis, ankylostomiasis, ascariasis and trichomoniasis 
were incidental conditions. 

Anti-syphilitic treatment was commenced shortly after 
admission and the skin lesions healed completely after 
the third injection of neoarsphenamine. The injections 
w-ere continued at weekly intervals until he had received 
22 injections of neoarsphenamine and 14 of sodium potas- 
sium bismuth tartrate. His blood Wassermann reaction 
became negative on October 7, 1932, 16 months after the 
commencement of treatment. 

No special treatment was instituted for his renal con- 
dition except a diet that contained 120 grams of proteins 
and 2200 to 3200 calories with limited amounts of fluid 
and salt. His edema remained stationary until about 3 
weeks after admission when it began to subside. Within 
the next 6 to 7 weeks, his body weight decreased from 
57.6 to 43.4 kgm., a decrease of 14 kgm., resulting in the 
disappearance of gross edema. Slight pitting edema over 
the tibiae could still be demonstrated for the next 5 
months, after which he became entirely free from edema. 
He steadily put on flesh so that a maximum weight of 
60 kgm. was reached 9 months after gross edema had 
disappeared. During the period of rapid discharge of 
edema his plasma albumin was 1.5 per cent and total 
proteins 3.1 per cent. These gradually increased so that 
his plasma albumin became 3.5 per cent and total proteins 
6.0 per cent 7 months after admission, when edema had 


entirely disappeared. After that the plasma proteins 
stayed at these levels throughout the period of observa- 
tion. Albuminuria also improved, though slowly. It 
averaged 12 grams per day on admission and decreased 
to 0.5 gram per day on discharge. Occasional hyaline 
casts were still present on discharge. The phenolsul- 
phonphthalein excretion was 75 per cent on discharge, 
the blood pressure 110/60. 

From September 30, 1931, to April 24, 1932, the patient 
was on a rigidly controlled regime for the study of 
nitrogen balance in relation to the intake of protein and 
calories. From April 25 to June 11, 1932, thjToid was 
administered to ascertain its effect on the nitrogen and 
respiratory metabolism during the symptom-free period 
of nephrosis, 

A follow-up examination on October 7, 1932, showed 
the patient to be in good nutrition without any evidence 
of edema. The urine contained a trace of albumin, occa- 
sional hyaline casts and a few leukocj'tes. The urea 
clearance test was 92 per cent of normal, the blood non- 
protein nitrogen 47 mgm. per cent, plasma albumin 3.72 
per cent and total proteins 5.91 per cent. 

PROCEDURE 

The patients had been placed in the Metabolism 
Ward for some time before metabolism studies 
were commenced. Diets were accurately pre- 
pared and served, and stools and urine completely 
collected. 

Diets. The food values were taken from the 
compilations of Wu (15), based on analysis of 
local articles of food. Tables I and II give the 
composition of various diets taken by the patients. 
Each diet was used for two to three periods of 4 
days each, but occasionally observations on a 
given diet were extended to four or five periods. 
As indicated in the tables, the general plan was 
to study the effect of three variables in the diets, 
namely, caloric intake, protein intake, and varia- 
tions in the proportion of animal and vegetable 
proteins. When the effect of one variable was 
studied, the other two were held constant. From 
Table I it can be seen that Periods 5 to 21 were 
devoted to the study of the effect of variations 
in caloric intake from 1500 to 2590, with an ap- 
proximately constant protein intake of 50 grams, 
of which 50 per cent were of animal origin. Pe- 
riods 22 to 32 were used to study the effect of 
y'arjdng the protein intake from 50 to 125 grams, 
with a constant caloric intake of 2310 and 50 per 
cent of animal protein. Periods 1 to 4 and 33 to 
47 are to be considered together. During these 
the effect of vaiying the percentage of animal and 
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TABLE I 


Case J. Composilion of diets 


Period 

number 

Date 

Pro- 

tein 

Ani- 

mal 

protein 

Fat 

Carbo- 

hydrate 

Calories 

Salt 

Average 

body 

weight 

Protein 

per 

kgm. 

Calories 

per 

kgm. 

Calorics 

from 

protein 

1-2 

Oct. 16-23 

grams 

24.6 

percent 

0 

grams 

50 

grams 

298 

1741 

grams 

6 

kgm. 

25.8 

grams 

0.95 

67 

per cent 

5.6 

3-4 

Oct. 24-Nov. 4 

25.2 

92 

50 

300 


6 

26.0 

0.97 

67 

5.8 

5-7 

Nov. 5-16 

50.2 

50 

50 

275 

1751 

6 

27.1 

1.85 

65 

11.5 

8-9 

Nov. 17-24 

50.1 

50 

70 

300 


6 

28.0 

1.79 

73 

9.9 

10-11 

Nov. 25-Dec. 2 

50.3 

50 

90 

325 

2311 

6 

'28.5 

1.76 

81 

8.7 

12-13 

Dec. 3-10 

50.2 

50 

110 

350 

2591 

6 

29.4 

1.71 

88 

7.7 

14-15 

Dec. 11-18 

50.0 

50 

90 

325 

2310 

6 

29.7 

1.68 

78 

8.7 

16-17 

Dec. 19-26 

50.0 

50 

70 

300 

2030 

6 

29.7 

1.68 

68 

9.9 

18-19 

■ Dec. 27-Jan. 3 

50.0 

50 

50 

275 

1750 

6 

29.7 

1.68 

59 

11.5 

20-21 

Jan. 4-11 

50.0 

50 

40 

235 

1500 

6 

29.4 

1.70 

51 

13.3 

22-23 

Jan. 12-19 

50.1 

50 

90 

325 

2310 

6 

29.6 

1.69 

78 

8.7 

24-26 

Jan. 20-31 

74.9 

50 

90 

300 

2310 

6 

30.1 

2.49 

77 

13.0 

27-29 

Feb. 1-12 

100.0 

50 

90 

275 

2310 

6 

30.5 

3.28 

76 

17.3 

30-32 

Feb. 13-24 

125.3 

50 

90 

250 

K ; ¥■ 

6 

30.9 

4.05 

75 

21.6 

33-35 

Feb. 25-Mar. 7 

74.8 

50 

90 

300 

H * 

6 

31.1 

2.41 

74 

13.0 

36-38 

Mar. 8-19 

75.2 

25 

90 

300 

w \ ■■ 

6 

31.5 

2.41 

73 

13.0 

39^2 

Mar. 20-Apr. 4 

74.8 

0 

90 

300 

2309 

6 

31.5 

2.38 

73 

13,0 

43-45 

Apr. 5-16 

75.5 

99 

90 

300 

2312 

6 

32.0 

2.36 

72 

13.0 

46-47 

Apr. 17-24 

75.1 

75 

90 

300 

2310 

6 

32.0 

2.35 

72 

13.0 


vegetable protein was studied. In Periods 1 to 4 
protein was kept at approximately 25 grams and 
calories at 1750, while in the last IS periods these 
values were 75 grams and 2310 calories respec- 
tively. 

A similar procedure was followed in Case 2 
(Table II). The first 16 periods were used to 
observe the effect of varying caloric intake from 
1800 to 3770, with a fairly constant protein intake 


of 75 grams, and the percentage of animal protein 
at 44 to 65 per cent. Periods 17 to 19 were “ ni- 
trogen free ” periods for the purpose of studying 
the endogenous nitrogen metabolism. These were 
followed by two periods of fairly liberal protein 
intake, merely to fill up the depleted nitrogen 
stores somewhat before commencing the next se- 
ries of studies. During the next 14 periods (22 
to 35) the caloric intake was held at 3260 with 


TABLE II 

Case 2. Composition of diets 


Period 

number 

Date 

Pro- 
tein j 

Ani- 

mal 

protein 

i 

Fat 

Carbo- 

hydrate 

Calories 

Salt 

Average 

body 

weiglit 

Protein 

per 

kgm. 

Calories 

per 

kgm. 

Calories 

from 

protein 

1-2 

3-4 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

17-19 

20-21 

22-23 

24-25 

26-27 

28-30 

31-33 

34-35 

36-39 

40-42 

4 0—4 i 
48-50 
51-53 

Sept. 30-Oct. 7 

Oct. 8-15 

Oct. 16-23 

Oct. 24-31 

Nov. 1-8 

Nov. 9-16 

Nov. 17-24 

Nov. 25-Dec. 2 

Dec. 3-14 

Dec. 15-22 

Dec. 23-30 

Dec. 31-Jan. 7 

Jan. S-15 

Jan. 16-27 

Jan. 2S-Feb. 8 

Feb. 9-16 

Feb. 17-Mar. 3 

Mar. 4-15 

Mar. 16-.4pr. 4 

Apr. 5-16 
.Apr. 17-28 

grams \ 

75 

75 

75 

75 

75 

75 

76 
75 

2 
75 
75 
50 
100 
125 
150 j 
175 1 
100 
100 i 
100 
100 
100 

per cent 

65 

42 

45 

44 

44 

46 

52 

62 

0 

40 

50 

50 

50 

50 

50 

50 

SO 

25 

0 

98 

75 

grams 

60 
100 
120 
150 
190 
! 150 

1 120 

1 100 
\ 105 
100 
150 
150 
140 
140 
130 
125 
140 
140 
140 
140 
140 

grams 

240 , 
265 
320 
400 
440 
400 
320 
' 265 
330 
265 
400 
425 
400 
375 
373 
359 
400 
400 
400 
400 
400 

1800 

2260 

2660 

3250 

3770 

3250 

2664 

2260 

2273 

2260 

3260 

3260 

3260 

I 3260 
' 3260 

3261 
3260 
3260 
3260 
3260 
3260 

grams 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

! 5 

5 

5 

5 

5 

5 

5 

5 

kgm. 

51.1 

50.9 

51.4 

52.3 

53.0 

54.0 

53.7 

53.4 

52.5 

51.8 

53.0 

53.7 

54.7 

55.6 

56.8 

57.7 
58.5 
59.3 

59.7 

59.8 

59.8 

grams 

1.47 

1.47 

1.46 

1.43 

1.42 

1.39 

1.42 

1.41 
0.04 
1.45 

1.42 
0.93 
1.82 
2.25 
2.64 
3.03 
1.71 
1.69 
1.67 
1.67 
1.67 

35 

44 

52 

62 1 
71 

60 

50 

42 

43 

44 

61 

61 

60 

59 

57 

56 

56 

55 

55 

55 

55 

pet cent 

16.7 

13.3 

11.3 
9.2 
8.0 
9.2 

11.4 
13.3 

0.4 

13.3 

9.2 

6.1 

12.2 

15.3 

18.3 

21.4 
12.3 
12.3 
12.3 
12.3 
12.3 
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equal quantities of animal and vegetable protein, 
while the protein intake varied from 50 to 175 
grams. In the last IS periods (36 to 53), both 
the caloric and protein intake remained constant 
at 3260 and 100 grams respectively, while the pro- 
portion of animal protein was subjected to change 
from 0 to 9S per cent. 

Collection of urine and stools. These were car- 
ried out as described in a previous study of nitro- 
gen balance in nutritional edema (7). 

Analytical methods. Urine nitrogen was deter- 
mined on 24-hour collections b}’ a modified Folin 
and Wright method (16). Proteins were sepa- 
rated from albumin-containing urine by adding an 
equal volume of 10 per cent trichloracetic add, 
and an aliquot of the filtrate was taken for non- 
protein nitrogen determination. Another un- 
treated portion of urine was used for total nitro- 
gen determination. The difference betrveen the 
two determinations was taken to represent protein 
nitrogen. For stool nitrogen about 0.5 gram of 
dried stool, weighed on a chainomatic balance, was 
digested with 15 cc. of concentrated sulphuric 
acid, 6 cc. of 10 per cent ferric chloride, 10 drops 
of phosphoric acid and 5 drops of 5 per cent cop- 
per sulphate. Blood spedmens were taken before 
breakfast with as little stasis as possible. Plasma 
proteins were separated by the method of Howe 
(17), and the albumin and globulin fractions de- 


termined by the gasometric technique of Van 
Slyke (18). 

OBSERVATIONS AND COMMENTS 

Effect of caloric intake 

At a certain level of protein intake and with a 
given state of nutrition, on account of the protdn- 
sparing action of carbohydrates and fat, the ex- 
tent of positive nitrogen balance depends on the 
caloric intake. This is well illustrated in Case 2 
(Table IV and Figure 2). This patient, while on 
a protein intake of 75 grams lost nitrogen on 1800 
calories, or 35 calories per kgm., but gained nitro- 
gen immediately when the caloric intake was in- 
creased to 2260, or 44 calories per kgm. Succes- 
sive caloric additions increased the nitrogen re- 
tention until it reached a maximum of 3.44 grams 
daily at 3250 calories, or 62 calories per kgm. 
Further increase in caloric intake to 3770, how- 
ever, did not improve the nitrogen balance. On 
decreasing the caloric intake, the positive nitro- 
gen balance became progressively less. 

In the first patient (Table III and Figure 1) 
the extent of positive m'trogen balance on 50 
grams of protein was not significantly altered by 
successive additions of calories from 1750 to 
2590, or from 65 to 88 calories per kgm. How- 
ever, when the caloric intake was decreased from 


TABLE ni 


Case 1. Effect of caloric intake. 

Protein 50 grams. Animal protein 50 per cent 


Period 

number 


Average daily nitrogen metabolism 

Body 

weight 

change 

Plasma 

Calorics 

Intake 

Urine 

Stool 

Total 

Balance 

Average 

XoDprotein 

nitrogen 

Albnmlji 

Total 

1 protein 

5 

6 

7 

8 

9 

10 

11 1 
12 
’3 

14 

15 

16 

17 

18 

19 

20 

21 

1751 

1751 

1751 

2030 

2030 

2311 

2311 I 

2591 

2591 

2310 

2310 

2030 

2030 

1750 

1750 

1500 

1500 

crams 

8.00 

8.00 

8.00 

1 8.00 
8.00 
8.00 
8.00 
8.00 
7.96 1 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 

crams 

3.88 

4.33 

4.09 
4.14 
4.31 
4.51 

4.46 
4.38 
4.58 
5.72 
6.19 
6,18 

6.47 
6.60 

6.09 
7.23 
6.85 

grams 

0.86 

1.26 

1.23 

0.81 

0.82 

0.94 

1.44 

1.08 

1.15 

1.27 

1.18 

1.46 

1.05 

1.30 

1.21 

1.01 

0.94 

grams 

4,74 
5.59 
5.32 
t 4.95 
5.13 

5.45 

5.90 

5.46 
5.73 1 
6.99 ' 
7.37 
7.64 
7.52 

7.90 
7.30 
8,24 
7.79 

grams 

+3.26 

-42.41 

-f-2.68 

-43.05 

-42.87 

-42.55 

-42.10 

-42.54 

+2.23 

-41.01 

-40.63 

-40.36 

-40.48 

-40.10 

-40.70 

—0.24 

-40.21 

grams 

-42.78 

-42.96 

-42.32 

-42.38 

-40.82 

-40.42 

-40.40 

-0.02 

kgm. 

+0.26 
-40.83 
-40.31 
-40.27 
-40.12 
-40.50 
-40.48 
-40.32 
-40.38 1 
-40.31 
-40.34 
-0.22 
-40.12 
-0.16 
-0.13 
-0.01 
-0.22 

7Kgm. per 

100 cc, 

17 

13 

20 

21 

19 

17 

19 

19 1 
22 

22 

20 

22 

19 

21 

grans ter 
icacc. 

4.15 

3.55 

3.39 

3.81 

3.90 

3.95 

3.33 

3.45 

3.57 

3.70 

3.81 

3.64 

3.80 

3.59 

3.65 
3.86 
3.76 

1 gra-ms fsT 

1 100 cc. 

6.46 

5.44 

5.66 

5.98 

5.73 

5.81 

5.65 

5.93 

6.40 

6.06 

6.16 

6.08 

6.17 

5.76 

5.74 

6.08 

3.82 
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2590, he retained progressively less nitrogen so 
that when he was on 1500 calories, or 51 calories 
per kgm., he could hardly maintain nitrogen bal- 
ance. As noted in the case report, this patient 
was convalescing from paratyphoid A fever be- 


fore the studies were started. Consequently, his 
nitrogen stores were probably so impoverished 
that, from a diet of 50 grams of protein and 1750 
calories, he was able to retain a relatively large 
amount of nitrogen. This amount was not in- 



‘Fig. 1. Case 1. Nitrogen Balance, Plasma Proteins, and Body Weight on Diets with Varying Total 
Calories, Protein Intake, and Proportion of Animal and Vegetable Protein. 


Period 

number 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 


table IV 

Case 2. Effect of caloric intake 
Protein 75 grams. Animal protein 44 to 65 per cent 


Calories 

Average daily nitrogen metabolism 

Body 

weight 

change 

Plasma 

Intake 

Urine 

Stool 

Total 

output 

Balance 

Average 

balance 

Urine 

protein 

nitrogen 

Nonprotcin 

nitrogen 

Albumin 


1800 

1800 

2260 

2260 

2660 

2660 

3250 

3250 

3770 

3770 

3250 

3250 

2664 

2664 

2294 

2260 

grams 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

13.36 

12.00 

grams 

12.19 

12.31 

9.97 

8.72 

7.79 

7.18 

6.82 

6.92 

6.78 

6.84 

7.40 

7.48 

S.6S 

9.02 

10.48 

10.42 

grams 

1.39 

1.38 
1.50 
1.66 
1.73 
2.00 
1.63 
1.76 
2.13 
1.99 
2.02 
1.63 
1.63 
1.55 

1.39 
1.46 

grams 

13.58 

13.69 

11.47 

10.38 

9.52 

9.18 

8.45 

8.68 

8.91 

8.83 

9.42 

9.11 

10.31 

10.57 

11.87 

11.88 


grams 

-1.63 

+ 1.08 

+2.65 

+3.44 

+3.13 

+2.74 

+ 1.51 

grams 

2.00 

1.59 

1.31 

1.22 

1.22 

1.21 

1.26 

1.40 

1.40 

1.70 

1.45 

1.28 

1.26 

1.00 

1.06 

1.30 

kgm. 

-0.58 

-0.23 

+0.18 

+0.19 

+0.44 

+0.40 

+0.63 

+0.07 

+0.39 

+0.98 

+0.08 

+0.04 

-0.10 

-0.50 

-0.10 

+0.10 

mgm. per 
100 cc. 

29 

30 

36 

24 

20 

18 

16 

18 

16 

23 

24 

22 

20 

grams per 
100 cc. 

2.27 

2.14 

2.19 

2.62 

2.51 

2.72 

2.68 

2.87 

2.91 

3.11 

2.76 

2.80 

3.12 

3.03 

3.06 

3.08 

grams per 
100 cc. 

3.96 

4.20 

4.45 

4.91 

4.75 

4.94 

4.90 

5.08 

5.20 

5.33 

4.66 

4.93 

5.19 

5.28 

5.11 

5.14 
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creased by subsequent caloric additions as his ni- 
trogen hunger, so to speak, was gradually satisfied. 
With nitrogen stores relatively replete in the lat- 
ter part of the study, a caloric intake less than 
2591, or SS per kgm., did not insure a tna.ximum 
nitrogen balance. Sucli a high caloric diet, how- 
ever, could not be maintained for a long time. 
For tliat reason only 2310 calories were given sub- 
sequently, when the effects of protein intake were 
studied, and this level of caloric intake was con- 
sidered the optimum. 


the amount of urinary protein nitrogen did not 
vary regularly or significantly, although it showed 
a perceptible tendency’ to decrease with improve- 
ment of the patient’s general condition. 

In the first patient plasma albumin remained 
approximately at 3,7 per cent and total protein at 
5.9 per cent, values above the lower limits of nor- 
mal. In the second patient there was a steady 
increase in albumin as well as in total protein as 
the caloric level of the diet was raised, although 
subsequent lowering of the caloric intake failed 



Fig. 2. Case 2. Niteogex Balance, Plasma Proteins, and Body Weight on Diets with Varying Total 
Calories, Protein Intake, and Proportion of Animal and Vegetable Protein. 


Both patients gained weight with higher caloric 
diets. As the first patient had no edema, and the 
second patient showed at the beginning of the 
study only slight pitting edema over the tibiae 
which disappeared completely a little later, it is 
assumed that the weight gained represented body 
tissue. The tendency to gain weight, like the posi- 
tive nitrogen balance, became less as time went on, 
so that a higher caloric intake was necessary to 
bring about a gain in weight in the latter part of 
the experiment than in the first studies. 

In Case 2, in which albuminuria ivas present. 


to bring about a reverse change in protein con- 
centration. The plasma albumin rose from 2.27 
to 3.08 per cent and total protein from 3.96 to 
5.14 per cent within the period of two months’ 
study corresponding to the transition from slight 
pitting edema to complete disappearance of 
edema, a point of interest in connection with the 
pathogenesis of nephrotic edema. 

Effect of different levels of protein intahe 

With a constant caloric intake, the degree of 
nitrogen gain can be increased by raising the 
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TABLE V 

Case 1. Effect of different levels of protein intake. 
Calories 2310. Animal protein 50 per cent 





Average daily nitrogen metabolism 




Plasma 


Period 

Protein 







Body 




number 

Intake 

Urine 

Stool 

Total 

Balance 

j 

Average 

weight 

change 

Nonprotein 

Albumin 

Total 










nitrogen 

protein 


grants 

grams 

grams 

grams 

grams 

grams 

grams 

kgm. 

mgm. per 
100 cc. 

grams per 
100 cc. 

grams Per 
100 cc. 

22 

so 

8.00 

5.35 

1.32 

6.67 

+1.33 

4 - 1.86 

4 - 0.43 

17 

3.86 

5.78 

23 

50 

8.00 

4.02 

1.60 

5.62 

- i - 2.38 

4 - 0.19 

24 

3.65 

5.83 

24 

75 ' 

12.00 

6.45 

1.57 

8.02 

d - 3.98 


4 - 0.14 

24 

3.72 

6.10 

25 

75 

12.00 

7.50 

1.53 

9.03 

- b 2.97 

4 - 3.11 

4 - 0.36 

23 

3.68 

6.13 

26 

75 

12.00 

8.21 

1.40 

9.61 

-f 2.39 ! 

4 - 0.25 

19 

3.74 

6.12 

n 

100 

16.00 

10.96 

1.72 

12.68 

- h 3.32 


- 0.26 

25 

3.57 

6.18 

28 

100 

16.00 

13.28 

0.74 

14.02 

-{- 1.98 

4 - 2.35 

- 0.03 

25 

3.78 

6.09 

29 

100 

16.00 

12.75 

1.51 

14.26 

- M .74 

4 - 0.14 

27 

3.90 

6.25 

30 

125 

20.00 

15.01 

1.99 

17.00 

-{- 3 . 00 ; 


4 - 0.29 

17 

3.82 

6.01 

31 

125 

20.00 

15.15 

2.02 

17.17 

- b 2.83 

4 - 2.75 

i 

4 - 0.11 

21 

4.01 

6.27 

32 

125 

20.00 

15.48 

2,11 

17.59 

4 - 2.41 

4 - 0.26 

24 

4,11 

6.44 


level of protein feeding to a certain extent, be- 
yond which further increase in protein intake no 
longer improves the nitrogen balance, even if pa- 
tients can tolerate the high protein diet. 

In Case 1 (Table V), with a constant intake 
of 2310 calories, a maximum nitrogen retention of 
3.11 grams daily was reached, the diet containing 
75 grams of protein, or 2.5 grams per kgm. In 
Case 2 (Table VI), with a constant caloric in- 


take of 3250, a maximum of 4.02 grams of nitro- 
gen per day was retained when 100 grams of pro- 
tein, or 1.8 gram per kgm,, were fed. These 
amounts of protein correspond to 12 to 13 per 
cent of the total caloric intake. Further increase 
in protein failed to increase the nitrogen retention. 
In fact, nitrogen balances with protein intakes 
higher than 12 to 13 per cent were slightly lower, 
except during Periods 34 and 35 in Case 2, in 


TABLE VI 


Case 2. Effect of the variations in protein intake. _ ao i-fni 

Calories: 2270 for Periods 17 to 21 and 3260 for Periods 22 to 35. Animal protein: no7te for Periods 17 to IP, W 

for Periods 20 and 21, and 50 per cent for the remaining periods 




Average daily nitrogen metabolism 

Body 

weight 

change 

Plasma 

Period 

number 

Protein 

Intake 

Urine 

Stool 

Total 

Balance 

Average 

balance 

Urine 

protein 

nitrogen 

Nonprotein 

nitrogen 

Albumin 

Total 

protein 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

grams 

2 

2 

2 

75 

75 

75 

75 

50 

50 

100 

100 

125 

125 

125 

150 

150 

150 

175 

175 

grams 

0.33 
0.37 
0.37 
12.00 
12.00 
12.00 
12.00 
8.00 
8.00 
16.00 ! 
16.00 
19.02 
20.00 
20.00 
24.00 
24.00 
24.00 
27.80 
25.18 

grams 

3.79 

2.56 
2.19 
6.01 

7.56 
6.41 
6.44 
5.43 
4.98 
8.63 

10.88 

13.50 
14.16 
14 . 4 S 
17.48 
19.13 
17.72 

19.51 
18.54 

grams 

0.82 

0.66 

0.64 

1.25 
1.91 
1.94 
1.82 
1.60 
1.64 
2.11 

2.33 
2.71 

2.26 

2.34 
2.97 
3.01 
2.78 
3.24 
3 . 0 S 

grams 

4.61 
3.22 
2.83 

7.26 
9.47 
8.35 

8.26 
7.03 

6.62 

10.74 

13.21 

16.21 
16.42 
16.82 
20.45 
22.14 
20.50 

22.75 
21.62 

grams 

- 4.28 
- 2.85 
- 2.46 
-{- 4.73 
-{- 2.53 
- P 3.65 
4 - 3.74 
4 - 0.97 
4 - 1.38 
4 - 5.26 
4 - 2.79 
4 - 2.81 
4 - 3.58 
4 - 3.18 
4 - 3.55 
+ 1.86 
4 - 3.50 
-{- 5.05 
4 - 3.56 

grams 

- 3.20 

4 - 3.64 

4 - 1.18 

4 - 4.02 

4 - 3.19 

4 - 2.97 

4 - 4.30 

grams 

0.81 

0.58 

0.49 

0.57 

0.68 

0.66 

0.59 

0.51 

0.58 

0.50 

0.39 

0.51 

0.50 

0.76 

0.69 

0.75 

0.73 

0.59 

0.42 

1 

kgm. 

- 0.70 

- 0.91 

- 0.14 

4 - 0.13 

4 - 0.19 

4 - 1.34 

4 - 0.61 

- 0.98 

4 - 0.96 

4 - 0.90 

4 - 0.44 

4 - 0.15 

4 - 0.71 

4 - 0.40 

4 - 0.16 

4 - 0.34 

4 - 0.32 

4 - 0.54 

4 - 0.04 

mgm. per 
100 cc. 

17 

16 

16 

30 

27 

24 

20 

18 

19 

29 

29 

30 

32 

32 

29 

32 

35 

36 

grams per 
100 cc. 

3.07 

2.96 

2.89 

3.06 

3.03 

3.21 

3.28 

3.05 

3.43 

3.45 

3.70 

3.44 

3.32 

3.49 

3,35 

3.11 

3.33 

3.39 

3.24 

grams Pfr 
JOO cc. 

5.27 

5.34 

5.35 

5.41 

5.43 

5.44 

5.62 

5.38 

5.78 

ira 

6.22 

6.11 

5 . 6 S 

5.94 

5.77 

5.06 

5.70 

5 . 6 ! 

5.39 
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whicli protein feeding to the level of 21.4 per cent 
caused a nitrogen gain of 4.30 grams per day. 
However, such a high level of protein intake was 
not tolerated by the patient for more than a few 
days. 

It is to be noted that the first patient required 
more protein, as well as more calories per kgm., 
than the second patient, to produce a maximum 
nitrogen retention. This may be referable to the 
age of the first patient, which was only 13, a time 
when active growth goes on. In the case of 
nephrosis in a child of si.x reported by Cowie et 
al. (19), a satisfactory nitrogen gain was attained 
by feeding 88 calories and 3.8 grams of protein 
per kgm. 

Case 2 afforded an opportunity to obser\'e the 
effects of an almost protein-free diet. This was 
given for 12 days (Periods 17, IS, and 19). 
There was a marked negative nitrogen balance 
m'th loss of body weight. However, nitrogen 
loss tended to diminish so that only 2.46 grams 
of nitrogen were lost daily during the last period. 
The average nitrogen excretion amounted to 2.83 
grams per day. When stool and urinaiy protein 
nitrogen are subtracted from the total excretion, 
the urinary nonprotein nitrogen amounts to 1.70 
gram. This figure represents 0.033 gram of ni- 
trogen per kgm. of body weight, a nitrogen mini- 
mum that is comparable with the results obtained 
in normal individuals (20). The two following 
periods (20 and 21) with the same caloric intake, 
but with 75 grams of protein, were intended to 
make up the nitrogen loss of the preceding periods 
on a “ nitrogen-free ” diet, preliminary to the 
studies of the effect of different levels of protein 
intake, reported above. Incidentally, the results 
of these two periods demonstrate the great avidity 
with which nitrogen is retained after periods of 
nitrogen depletion. The nitrogen gain during 
these two periods is the same as that in the next 
two periods (22 and 23) in which the energy of 
the diet was increased by approximately 1000 cal- 
ories and is much better than the results of Pe- 
riods 3 and 4 (Table IV) with the same caloric 
and protein intake. 

In Case 2, the proteinuria did not change sig- 
nificantly with the changes in the level of dietary' 
protein. 

Plasma proteins tended to increase slightly with 
progressive increases of protein intake in Case 1, 


but did not change significantly in Case 2 when 
various levels of protein were fed. Plasma non- 
protein nitrogen remained fairly constant through- 
out in Case 1, but to some extent varied directly 
with the level of protein feeding in Case 2. 

Comparison helxuccn animal and vegetable protein 

In Case 1 (Table VII) comparison of the ef- 
fect on nitrogen balance of vatying the propor- 
tions of animal and vegetable protein was made 
at two different times with different levels of pro- 
tein and caloric intake. In Periods 1 to 4, with 
protein at 25 grams and calories at 1750, the 
nitrogen balance obtained with animal protan was 
decidedly superior to that with vegetable protein. 
During Periods 33 to 47, with protein at 75 grams 
and calories at 2310, variations in the percentage 
of animal protein between 0 and 99 per cent re- 
sulted in slight changes in nitrogen balance. 
There was a small increase of nitrogen retention 
when the proportion of animal protein was pro- 
gressively raised. In Case 2 (Table VIII) no 
clear-cut differences in nitrogen balance attended 
variation of the proportion of animal protein, al- 
though the nitrogen gain was greater during the 
three periods (51 to 53) on 75 per cent of animal 
protein than in any other periods. When opti- 
mum protein and caloric intake was maintained, 
the relative proportions of animal and vegetable 
protein in the diet did not seem to have much 
influence on nitrogen retention. 

The albuminuria in Case 2 again showed no 
marked variation, although a tendency to decrease 
was discernible during the course of study. 

No marked variations were observed in either 
case in plasma protein or nonprotein nitrogen 
when the proportions of animal and vegetable 
protein were varied. 

SUMMARY AND CONCLUSIONS 

1. In two patients with the nephrotic t 3 'pe of 
Bright’s disease, one aged 13 and the other aged 
35, nitrogen balances and plasma proteins were 
studied in relation to diets in which total calories, 
protein content, and percentage of animal and 
vegetable protein were varied. 

2. With a moderate protein intake, nitrogen re- 
tention could be progressively increased by the 
addition of calories in the form of carbohydrate 
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and fat. The first patient showed a maximum 
nitrogen gain at 88 calories per kgm., and the 
second patient retained the greatest amount of 
nitrogen at 62 calories per kgm. Further increase 
in caloric intake resulted in no increases in the 
nitrogen retained. 


3. When these patients were fed the optimum 
number of calories, raising the protein intake in- 
creased the nitrogen retention somewhat. The 
maximum nitrogen retention was reached when 
75 grams of protein were fed in Case 1 and with 
100 grams in Case 2. These amounts correspond 


TABLE VII 


Case 1. Effect of different proportions of animal and vegetable protein. 

Calories 1750 and protein 25 grams for Periods 1 to 4. Calories 2310 and proteins 75 grams for Periods 33 to 47 


Period 

numbor 

Animal 

protein 

Average daily nitrogen metabolism 

Body I 
weight 1 
change 

Plasma 

■ Intake 

1 ...... 

Urine 

Stool 

Total 

Balance 

Average 

Nonprotein 

nitrogen 

Albumin 

Total 

protein 


per cent 

grams 

i 

grams 

grams 

grams 

grams 

grams \ 

kgm. 

mgm. per 
100 cc. 

grams per 
100 cc. 

grams per 
100 cc. 

1 

2 

0 

0 

3.95 

3.95 

2.13 

2.20 

1.27 

0.87 

3.40 

3.07 

+0.55 

+0.88 

+0.72 


15 

3.12 

3.26 

5.61 

5.64 

3 

4 

92 

92 

4.04 

4.04 

1.78 

1.91 

0.55 

0.90 

2.33 

2.81 

+1.71 
+ 1.23 

+ 1.47 

+0.40 

+0.10 

15 

3.54 

3.74 

S.Sl 

5.99 

33 

50 

11.97 

9.72 1 

1.15 

10,87 i 

+ 1.10 


-0.09 

19 

3.65 

5.94 

34 

SO 

11.97 

8.76 

1.15 

9,91 

+2.06 

+ 1.86 

+0.02 

30 

3.60 

5.94 

35 

50 

11.97 

8.72 

0.82 

9.54 

+2.43 

+0.11 

18 

3.55 

5.96 

36 

25 

12.03 1 

8.21 

2.20 

10.41 

+ 1.62 


+0.25 

20 

3.51 

S . S 4 

37 

25 

12.03 

8.75 

1.54 

10.29 

+ 1.74 

+1.72 

-0.05 

21 

3.85 

5,87 

38 

25 

12.03 i 

8.38 

1.86 

10.24 

+1.79 


+0.39 

21 

3.73 

5,78 

39 

0 

11.97 

7.54 

2.52 

10.06 

+ 1.91 


-0.07 

19 

3.67 

5.49 

40 

0 

11.97 

7.77 

2.35 

10.12 

+1,85 

.f 1 CO 

-0.01 

1 19 

3.73 

5.72 

41 

0 

11.97 

7.80 

2.25 

10.05 

+1,92 

*T1.0o 

+0.23 

20 

3.67 

5.97 

42 

0 

11.97 i 

8.44 

2.90 

11.34 

+0.63 


. 

22 

3.77 

5.70 

43 

99 

12.08 

8.40 

1.08 

9.48 

+2.60 



19 

! 3.62 

5.81 

44 

99 

12.08 

8.84 

0.92 

9.76 

+2.32 

+2.74 


20 

3.60 

5.62 

45 

99 

12.08 

7.97 

0.82 

8.79 

+3.29 



21 

3.54 

5.77 

46 

75 

12.02 

8.12 

0.94 

9.06 

+2.96 

1 O AO 


20 

3.40 

5.72 

47 

75 

12.02 

9.04 

0.97 

10.01 

+2.01 



22 

3.71 

S .76 


Case 2. 


TABLE VIII 

Variations in percentage of animal and vegetable proteins. 
Calories 3260. Protein 100 grams 


Period 

number 


36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

5 3 


Animal 

protein 

Average daily nitrogen metabolism 

Body 

weight 

change 

Plasma 

Intake 

Urine 

Stool 

Total 

Balance 

Average 

Urine 

protein 

Ns 

Nonprotein 

nitrogen 

Albumin 

per cent 

grams 

grams 

j 

grams i 

1 

1 

grams j 

grams 1 

grams 

grams 

kgm. 

mgm. per 
too cc. 

grams per 
100 cc. 

50 

15.96 

13.20 

1.82 

15.02 i 

+0.94 1 


0.76 

+0.55 

25 

3.27 

50 

15.96 

11.88 

1.51 

13.39 

+2.57 


0.63 

-0.16 


3.41 

50 

15.96 

11.32 

2.06 

13.38 1 

+2.58 


0.72 

+0.68 

26 

3.28 

50 

15.96 

11.02 

1.72 

12.74 1 

+3.22 


0.56 

+0.08 

31 

3.36 

25 

15.98 

11.20 

2.14 

13.34 i 

+2.64 


0.53 

+0.23 

27 

3.42 

: 25 

15.98 

11.46 

2.04 

13.50 

+2.48 

+2.52 

0.16 

+0.17 

28 

3.32 

25 

15.98 

11.64 

1.90 

13.54 

+2.44 


0.29 

-0.06 

30 

3.27 

0 

15.97 

I 0.9 S 

2.05 

13.03 

+2.95 


0.63 

+0.36 

30 

3.25 

0 

15.97 

10.63 

2.09 

12.72 

+3.25 


0.34 

-0.20 

26 

1 3.09 

' 0 

15.97 

10.72 

2.01 

12.73 

+3,25 

+2,88 

! 0.51 

-0.22 

1 24 

3.48 

0 

15.97 

12.11 

2.05 

14.16 

+ 1.81 


i 0.57 

+0.56 

25 

3.42 

0 

15.97 

10.66 

2.19 

12.85 

+3.12 


0.31 

+0.23 

27 

3,39 

98 

16.02 

11.94 

I.IS 

13.12 

+2.90 


0.41 

-0.10 

30 

3,48 

98 

16.02 

12.37 

0.88 

13.25 

■4“2.7 / 

' +2.93 

0.38 

( -0.18 

30 

3.46 

98 

16.02 

11.98 

0.91 

12.89 

+3.13 


0.30 

-0.01 

30 

3.13 

is 

15.94 

10.18 

1.37 

11.55 

+4.39 


0.24 

+0.52 

24 

3.4 o 


15.94 

9.75 

0.99 

10.74 

+5.20 

+5.05 

0.18 

-0.29 

29 

3.3 S 

i - i 

15.94 

S .8 S 

1.46 

10.34 

+5.60 


O.IS 

-0.37 




Total 

protein 

grams psr 

100 ic- 

5.65 

5.59 

5.41 
5.61 
5.59 
5.87 
5.86 

5.42 
5.40 
S.S6 
5.86 
5.79 
5.72 
5.72 
5.52 
5.82 
5.78 
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to 2.5 grams and 1.8 gram per kgm. of body 
weight and constitute 12 to 13 per cent of the total 
calories. Feeding more protein did not increase 
the positive nitrogen balance. 

4. The first patient showed a slightly increasing 
nitrogen retention as higher percentages of animal 
protein were fed, while in the second patient the 
nature of protein made no distinct difference. 
While it is impractical to feed a purely animal 
protein diet, a diet with at least 50 per cent of its 
protein of animal origin would seem to insure the 
best nitrogen gain. 

5. Changes in plasma proteins were slow’, even 
in the presence of marked nitrogen retention. 
The proteins remained at about the same level 
throughout Case 1. In Case 2 they slowly in- 
creased during the early part of the study. 

6. In the second patient, in whom albuminuria 
decreased as the study progressed, there was no 
significant change in the albuminuria related to 
the level of protein intake. 
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THE EFFECT OF VENESECTION ON ARTERIAL, SPINAL FLUID, 
AND VENOUS PRESSURES WITH ESPECIAL REFERENCE TO 
FAILURE OF THE LEFT AND RIGHT HEART 

By HAROLD F. ROBERTSON aot FERDINAND FETTER 
(From the Department of Medieme, Unhersity of Pennsylvania Medical School, Philadelphia) 

(Received for publication September 13, 1934) 


The correlation of venous, spinal fluid, and ar- 
terial pressure, before and after venesection, was 
studied in a series of twenty-two cases of failure 
of the left heart and thirteen cases of failure of 
the right heart. These cases were observed clin- 
ically vvith reference to the improvement after 
venesection alone, and also after venesection in 
combination with the removal of twenty cubic 
centimeters of spinal fluid. 

The cases studied embraced various types of 
heart disease, including sj'philitic, rheumatic, ar- 
teriosclerotic, and hj'pertensive. 

LITERATURE 

Eyster (1) attributed the value of venesection 
in cardiac congestion to the reduction of a high 
venous blood volume. He contended that by this 
procedure the right ventricle is relieved of an 
abnormal initial strain. 

Harrison (2) in 1933 made the observation that 
cisternal pressure was lower in the upright than in 
the prone position, whereas venous pressure was 
higher in the upright than in the prone position. 
He found also that venous, spinal fluid, and cis- 
temal pressures were all more elevated in patients 
with congestive heart failxure than in patients with 
normal circulation. 

Harrison (3) in 1934 concluded from his 
studies on asternal pressure that the patient with 
cardiac congestion secures more relief from his 
orthopnea when in the sitting position because of 
lowered cisternal pressure, and in turn lessened 
embarrassment to the respiratory center. Spinal 
drainage, in most cases, was followed by a de- 
crease in dyspnea. 

Friedfeld and Fishberg (4) in their studies of 
“ The Relation of the Cerebrospinal and Venous 
Pressures in Heart Failure ” showed that an ele- 
vation of venous pressure in failure of the right 
heart was invariably associated with an elevation 
of the spinal fluid pressure. They noted that 
venous and cerebrospinal pressures were lowered 


as cardiac compensation was restored. An eleva- 
tion of the spinal fluid pressure did not occur in 
failure of the left heart with a normal venous 
pressure. 

GraUer (5) found no definite correlation be- 
tween arterial and spinal fluid pressures. 

Tzanck and Renault (6), Eyster and Middleton 
(7), and Clark (8), in clinical observations, found 
a close correlation between the deep venous (in- 
ternal jugular) and spinal fluid pressures. These 
authors selected 200 mm. of water as the critical 
level of venous pressure at which venesection is 
indicated. 

Myerson and Loman (9), as well as Planques, 
Riser, and Sorel (10) found that arterial h)rper- 
tension alone would not induce elevation of pres- 
sure in the cerebrospinal fluid, but that pressure 
of the latter was dependent upon the venous pres- 
sure. 

Additional studies of venous and spinal fluid 
pressures not so directly related to our problem 
are listed in the bibliography (11—16). 

METHODS 

In failure of the right heart, we indude those 
cases manifesting signs of venous congestion, 
dyspnea, cj-anosis, ascending edema, effusion into 
the serous sacs, and enlargement of the liver. 

In failure of the left heart, we indude those 
cases with cardiac dyspnea without engorgement 
of the systemic veins and also cases of diminished 
vital capacity with cardiac asthma. The presence 
of protodiastolic gallop rhjdhm or accentuation of 
the pulmonic second sound indined us to classify 
a case as in this group. There was usualty, in 
these cases, no enlargement of the liver, no tyano- 
sis, and no venous congestion. 

Normal values for spinal fluid pressure taken 
between the 3d and 4th lumbar vertebrae in the 
erect position we consider as varj-ing from 150 to 
400 mm. of water. 

Normal values for venous pressiure at the level 
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The correlation of venous, spinal fluid, and ar- 
terial pressure, before and after venesection, was 
studied in a series of twenty-two cases of failure 
of the left heart and thirteen cases of failure of 
the right heart. These cases were observ’ed clin- 
ically with reference to the improvement after 
venesection alone, and also after venesection in 
combination vvith the removal of twenty cubic 
centimeters of spinal fluid. 

The cases studied embraced various tj’pes of 
heart disease, including syphilitic, rheumatic, ar- 
teriosclerotic, and hypertensive. 

LITERATURE 

Eyster (1) attributed the value of venesection 
in cardiac congestion to the reduction of a high 
venous blood volume. He contended that by this 
procedure the right ventricle is relieved of an 
abnormal initial strain. 

Harrison (2) in 1933 made the observation that 
cisternal pressure was lower in the upright than in 
the prone position, whereas venous pressure was 
higher in the upright than in the prone position. 
He found also that venous, spinal fluid, and cis- 
ternal pressures were all more elevated in patients 
with congestive heart failure than in patients with 
normal circulation. 

Harrison (3) in 1934 concluded from his 
studies on cisternal pressure that the patient with 
cardiac congestion secures more relief from his 
orthopnea when in the sitting position because of 
lowered cisternal pressure, and in turn lessened 
embarrassment to the respiratory center. Spinal 
drainage, in most cases, was followed by a de- 
crease in dyspnea. 

Friedfeld and Fishberg (4) in their studies of 
“The Relation of the Cerebrospinal and Venous 
Pressures in Heart Failure ” showed that an ele- 
vation of venous pressure in failure of the right 
heart was invariably associated with an elevation 
of the spinal fluid pressure. They noted that 
venous and cerebrospinal pressures were lowered 


as cardiac compensation was restored. An eleva- 
tion of the spinal fluid pressure did not occur in 
failure of the left heart with a normal venous 
pressure. 

Grarier (5) found no definite correlation be- 
trveen arterial and spinal fluid pressures. 

Tzanck and Renault (6), Eyster and Middleton 
(7), and Clark (8), in clinical observations, found 
a dose correlation between the deep venous (in- 
ternal jugular) and spinal fluid pressures. These 
authors sdected 200 mm. of water as the critical 
level of venous pressure at which venesection is 
indicated. 

Myerson and Loman (9), as well as Planques, 
Riser, and Sorel (10) found that arterial hj-per- 
tension alone would not induce elevation of pres- 
sure in the cerebrospinal fluid, but that pressure 
of the latter was dependent upon the venous pres- 
sure. 

Additional studies of venous and spinal fluid 
pressures not so directly related to our problem 
are listed in the bibliography (11—16). 

METHODS 

In failure of the right heart, we include those 
cases manifesting signs of venous congestion, 
dyspnea, c>-anosis, ascending edema, eSusion into 
the serous sacs, and enlargement of the liver. 

In failure of the left heart, we include those 
cases with cardiac dyspnea without engorgement 
of the systemic veins and also cases of diminished 
vital capacity with cardiac asthma. The presence 
of protodiastolic gallop rhythm or accentuation of 
the pulmonic second sound inclined us to classify 
a case as in this group. There was usually, in 
these cases, no enlargement of the liver, no cyano- 
sis, and no venous congestion. 

Normal values for spinal fluid pressure taken 
between the 3d and 4th lumbar vertebrae in the 
erect position we consider as vaiying from 150 to 
400 mm. of water. 

Normal values for venous pressure at the level 
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of the right auricle taken in the upright position 
we take as from 90 to 125 mm. of water. 

All readings were taken in the morning with 
the patients in the sitting position. The lumbar 
puncture needle was inserted in the usual manner, 
and a mercury manometer used to determine pres- 
sure. The mercury pressure was later calculated 
and expressed in millimeters of water. The ar- 


terial and venous pressure readings were then re- 
corded, the former with a mercury sphygmoman- 
ometer, and the latter with an L glass tube of 7 
mm. diameter inserted into the antecubital vein. 
Care was exercised in reading the venous pressure 
to have the antecubital vein precisely at the level 
of the right auricle. When these three readings 
had been made, the patients were bled eight to 


TABLE I 


Arterial, cerebrospinal fluid, and venous pressures before and after venesection in failure of the right heart 


Patient 

number 

Arterial pressure 

Cerebrospinal fluid pressure 

Venous pressure 

Before 

After 

Before 

After 

Change 

Before 

After 

Change 


mm. Hg 

m7n. Hg 

mm. HiO 

mm. HiO 

mm. HiO 

mm. HiO 

mm. HiO 

mm. HiO 

1 

190/140 

175/125 

408 

in 

-136 

245 ■ 

95 

-150 

2 

60/10 

64/40 

354 

in 

- 82 

160 

135 

- 25 

3 

135/105 

140/100 

462 

326 

-136 

.. 220 

105 

-115 

4 

146/118 

150/120 

408 

354 

- 54 

140 

50 

- 90 

5. 

172/124 

162/110 

435 

367 

- 68 

195 

80 

-115 

6 

190/130 

190/130 

394 

394 

0 

195 

120 

- 75 

7 

194/144 

194/144 

408 

111 

-136 

200 

108 

- 92 

8 

220/160 

210/160 

408 

204 

-204 

190 

130 

— 60 

9 

180/80 

165/70 

490 

381 

-109 

265 

140 

-125 

10 

180/70 

164/66 

435 

326 

-109 

160 

100 

— 60 

11 

265/150 

265/145 

490 

381 

-109 

220 

135 

— 

12 

180/140 

168/135 

435 

408 

- 27 

165 

140 

— 25 

13 

175/150 

175/140 

462 

381 

- 81 

230 

160 

- 70 

Average 



430 

334 

- 96 

199 

115 

- 84 


TABLE n 


Arterial, cerebrospinal fluid, and venous pressures before and after ve^iesection in failure of the left heart 


Patient 

Arterial pressure 

Cerebrospinal fluid pressure 

Venous pressure 

number 

Before 

After 

Before 

After 

Change 

Before 

After 


1 

mm. Hg 

202/114 

mm. Hg 
206/116 

mm. HiO 

490 

mm. HiO 

462 

vim. HiO 
-28 

mm. HiO 

90 

mm. HiO 

70 

vim. HiO 
-20 
-14 
-15 
-10 
c 

2 


180/50 

326 

326 

0 

71 

58 

3 


180/94 

299 

299 

0 

110 

95 

4 

lisps 

204/75 

163 

136 

-27 

95 

85 

5 


140/20 

476 

449 

-27 

70 

65 

— D 

A 

6 

264/158 

225/150 

490 

422 

-68 

80 

80 

0 

-45 
-50 
-29 
_ in 

7 

198/156 

198/152 

326 

381 

+55 

70 

70 

8 

162/54 

160/72 

326 

326 

0 

135 

90 

9 

182/112 

182/110 

299 

313 

- fl 4 

100 

50 

10 

184/66 

120/98 

490 

408 

-82 

124 

95 

11 

180/100 

170/86 

354 

272 

-82 

S 5 

75 

+30 
+ 55 
— 10 

12 

160/130 

160/130 

340 

340 

0 

50 

80 

13 

280/160 

300/170 

326 

381 

-}-55 

30 

85 

14 

180/104 

150/112 

367 

367 

0 

120 

110 

0 

15 

250/170 

230/170 

408 

408 

0 

90 

90 

0 

16 

142/94 

142/94 

408 

408 

0 

90 

90 

115 

80 

25 

90 

125 

-10 

17 

230/125 

230/125 

462 

381 

-81 

125 

-20 

is 

148/118 

138/110 

299 

272 

-27 

100 

-45 

19 

120/80 

155/90 

354 

326 

-28 

70 

- 5 

20 

170/110 

170/110 

299 

299 

0 

95 

-10 


138/90 

126/84 

326 

326 

0 

135 

-i7 



09 

178/126 

162/104 

381 

326 

-55 

135 

1 18 


Avcr.igc 



364 

347 

-17 

94 

84 

-10 
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twelve ounces. Subsequent to the venesection the 
same observations were again noted. Adequate 
time was allowed before each reading so that the 
patients’ excitement would subside and not pro- 
duce error. The sitting position was chosen be- 
cause the readings were more accurate and no 
change of posture was necessary after the obser- 
vations were begun. 

We are indebted to Drs. William E. Robertson, 
David Riesman, Truman G. Schnabel, Robert G. 
Torrey, Henry D. Jump, and Howard D. Schaffer 
for the use of their patients in the Medical Wards 
of the Philadelphia General Hospital. 

OBSERVATIONS 

Failure of the right heart 

A close relationship was found to exist bet\veen 
the spinal fluid and venous pressure in right heart 
failure. Both pressures were elevated in this type 
of congestive failure; the spinal fluid tension was 
always higher than the venous pressure, and a 
definite parallelism was observed. Arterial blood 
pressure had no relation whatever to the other two 
pressures. Following venesection of eight to 
twelve ounces, the venous and spinal fluid pres- 
sures consistently fell. Table I depicts the arte- 
rial, spinal fluid, and venous pressures before and 
after venesection. It is apparent from this table 
that spinal fluid pressure was consistently higher 
than venous pressure and that both were consid- 
erably above normal. The average spinal fluid 
pressure in millimeters of water before venesec- 
tion was 430, and after venesection, 334. The 
average fall of lumbar spinal fluid pressure was 
96. In only one of thirteen cases was no change 
noted. The average venous pressure before vene- 
section was 199, and after venesection 115. The 
average fall of venous pressure was 84. The 
ratio of the mean spinal fluid pressure to mean 
venous pressure was not significantly altered by 
venesection (see Table III). Before venesection, 
it was 2.16 ; after venesection, 2.90. Venous pres- 
sure fell in all cases. The arterial pressure fell 
in six cases, rose in three, and remained approxi- 
mately the same in four. Orthopnea was lessened 
in all patients immediately after venesection. In 
eight of the thirteen subjects, ten to twenty cubic 
centimeters of spinal fluid was withdrawn. We 
found that those patients who received both lum- 


bar drainage and venesection obtained the most 
rapid and permanent relief from their orthopnea. 

Failure of the left heart 

The close relation which existed between venous 
and spinal fluid pressures in right myocardial 
failure did not obtain in left heart failure. Table 
II shows the lower venous and spinal fluid pres- 
sures in the latter condition. 

Inspection of Figure 3 reveals seven instances 
in which the spinal pressures are elevated above 
the normal values. This is attributed to the hy- 
drostatic pressure effect, since these patients were 
elevated from a recumbent to a sitting position in 
order to determine the measurements. The re- 
mainder were initially in the upright position. 

TABLE ra 

Ratios of mean spinal fluid and mean venous pressures before 
and after venesection 

RlRht heart Left heart 

Ratios _ failme failure 

1. Ratio of the mean fall of spinal 

fluid pressure to mean fall of 

venous pressure 1.14 1,70 

2. Ratio of the mean spinal fluid pres- 

sure to mean venous pressure 

before venesection 2.16 3.77 

3. Ratio of the mean spinal fluid pres- 

sure to mean venous pressure 

after venesection 2.90 4.13 

The average venous pressures before and after 
venesection in Table I are 199 and 115, whereas 
in Table II they are 94 and 84. The average fall 
of venous pressure after bleeding was 84 in the 
right heart cases and 10 in the left. The average 
spinal fluid presstme in failure of the left heart 
was, before venesection, 364, and after venesec- 
tion, 347, with an average fall of 17. The ratios 
of the mean values are given in Table III. 
Venous pressure fell in sixteen cases, rose in 
two, and remained constant in four. Arterial 
pressure again showed no relation to the spinal 
fluid and venous pressures. It rose in four cases, 
fell in twelve and remained the same in six. 
The presence of arterial hypertension did not indi- 
cate existing venous hypertension. The spinal 
fluid pressure fell in ten cases, rose in three, and 
remained unchanged in nine. 

We feel justified in stating that venesection in 
hypertensive cardiovasetJar disease is not to be 
recommended unless there is elevation of the 
venous pressure, suggesting right ventricular 
failure. 
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Fig. 1. Cerebrospinal Fluid Pressures and Venous 3^ Cerebrospinal Fluid Pressures and Venous 

Pressures in Right Heart Failure. (Before venesec- pressures in Left Heart Failure. (Before venesec- 

tion.) 



I'lc. 2. Cekedrosi’Inal Fluid Pressures and Venous Fig. 4. Cerebrospinal Fluid Pressures and \ eno’- 
Pressures in Kigiit He.\rt Failure. (.After venescc- Pressures in Left Heart Failure. (.After vcrc.^cc 
tiuD.) nofi-) 
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DISCUSSION 

The foregoing observations show that venous 
and spinal fluid pressures arc elevated in failure 
of the right heart, and that both fall after vene- 
section. Inspection of Figures 1 and 2 reveals a 
tendency to parallel variation. Variation in the 
ratio between the two variables is shown by the 
divergences from a strictly linear distribution. 

Since, in right heart failure, the demand upon 
the heart exceeds its physiologic response, it can- 
not convey into the pulmonarj- circulation the 
blood whicli comes to it from the venous circula- 
tion. Venous engorgement and stasis result con- 
sequently, especially upon failure of the right ven- 
tricle. It has long been known that phlebotomy 
relieves such venous and ventricular embarrass- 
ment. 

We believe that if the pressure on the respira- 
tor}- center is lessened by spinal fluid drainage the 
patient will obtain greater benefit than from vene- 
section alone. With this in view, we combine the 
two procedures and find ample justification in the 
immediate clinical response. 

Since, in failure of the left heart, the venous 
pressure is rarely or never elevated, treatment 
by combined venesection and lumbar drainage 
meets w-ith little success. This method is found 
to be of no value in the hypertensive subject with 
a yielding of the left myocardium. Previous in- 
vestigators have shown that arterial h}-pertension 
alone does not elevate spinal fluid pressure, but 
that the latter is dependent upon the venous ten- 
sion. Our studies indicate no relation whatso- 
ever behveen the arterial and the venous or spinal 
fluid pressures. 

A thorough reriew of the literature revealed 
no similar study of the correlation between the 
three pressures. We think also that the com- 
bination of venesection with spinal drainage is an 
innovation in the treatment of failure of the right 
heart. 

SUMMARY 

A series of experiments was carried out to 
determine the relation of arterial, spinal fluid, 
and venous pressures before and after venesec- 
tion. 

It was found in right heart failure that venous 
and spinal fluid pressures were elevated and re- 


lated with respect to fall of pressures induced by 
venesection. The variation in the ratio between 
the two pressures is shown by the divergences 
from a linear distribution. 

The spinal fluid pressure was elevated above 
normal in 32 per cent and 85 per cent of left and 
right heart failures, respectively. No correlation 
obtained between the arterial blood pressure and 
the venous or spinal fluid pressures in either right 
or left cardiac incompetence. The venous and 
spinal fluid pressures were uncorrelated in fail- 
ure of the left heart. The spinal pressure was 
greater than the venous pressure in all of 140 
observations made on 35 patients. 
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Fig. 1. Cerebrospinal Fluid Pressures and Venous 3_ cerebrospinal Fluid Pressures and Venous 

Pressures in Right Heart Failure. (Before venesec- pressures in Left Heart Failure. (Before venescc- 

tion.) 



Fig. 2. Cekedkospunal Fluid Pressures and Venous Fig. 4. Cerebrospinal Fluid Pressures and V enou 
Pkks.sures in Right He-akt F.\ilur.e. (After venescc- Pre-ssures in Left Hf.art Failure- (After vcnc»ec 
tinn.) tion.) 
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MICROCOCCUS TETRAGENUS INFECTION 


I. Re\'ie\v of the Literature, Report of a Non-fatal Case with Septicemia, 
AIenixgitis and Arthritis, and Bacteriologic Studies 

By HOBART A. REIMANN 

{From Department of Medicine, University of Minnesota Hospital, Minneapolis') 

(Received for publication November 28, 1934) 


The appearance of only two or three reports 
(Greiwe, et al. (1), Steele (1)) of Micrococcus 
tetragenus infection in American medical litera- 
ture would lead one to believe the disease to be 
rare and of little importance. It is probably quite 
common, but often disregarded or unrecognized 
in this countr)'. I^Iore than 170 cases have been 
reported in Italian, French, German, English and 
Spanish journals. 

Micrococcus tetragenus, after its discover}' in 
1881 by Koch and Gaffk}', was believed to be a 
harmless saproph}'te residing in the normal naso- 
phaiy-nx and often in tuberculous ca\'ities in the 
lung. Its pathogenicity was first recorded by 
Jakowski (2) in 1886. Later Mya and Tram- 
busti (3) reported two cases of septicemia, and 
Viquerat (4) produced suppuration by injecting 
cultures of M. tetragenus into blister sacs on 
tuberculous patients. The organism is, however, 
of comparatively low virulence and becomes in- 
vasive only under certain conditions in which the 
resistance of the host is reduced. When infec- 
tion does occur, it resembles the local suppura- 
tion or septicemia with metastatic localization due 
to the closely related staphylococcus. The organ- 
ism appears to have a predilection for serous 
membranes, but also invades parenchymatous 
organs. 

All of the published reports, except two, deal 
with sporadic cases. Two small epidemics have 
been reported among soldiers during the World 
War; one by Birks, Thomley and Fawcus (5) 
who observ'ed 25 cases of septicemia, and one by 
Tremolieres and Loew (5) •svith 45 cases. In 
both series the mortality rate was low and the 
general features illustrated the importance of 
predisposing factors. In many of the cases, M. 
tetragenus was probably a secondary invader. 

Clinically, the infection is characterized by 
features common to pyogenic infections due to 


other cocci. The case reported here conforms to 
the prototype of the usual course. A brief sum- 
mar}- of certain salient features of the disease, 
taken from reports giwng adequate data in avail- 
able journals, is given in Table I. Many French 
and Italian articles (6) are short and devoid of 
details. 

The infection is apparently commonest in 
young adults. The onset is usually abrupt and 
is almost in\'ariably preceded by some predispos- 
ing cause which presumably lowers resistance and 
makes invasion possible. Sore throat and re- 
spirator}' tract infections are the commonest, as 
would be expected, since M. tetragenus often re- 
sides in the normal nasophar}'nx. Other pre- 
disposing factors are anemia (Mya and Tram- 
busti (3), Arullani (7), Brugnola (1)), abscesses 
(Jakowski (2), Viquerat (4), Achard and Gail- 
lard (8), Steele (1) and others) and urinary' 
tract infections (Gayet (9) and others). Inter- 
esting cases have been observed both preceding 
and following typhoid fever (Anglada (7), 
Laignel-Lavastine and Baufle and Meltzer (1)), 
several accompanying septicemia due to strepto- 
cocci (Meltzer (1)) and one with brucelliasis 
(10). The course of the infection may be mild or 
severe and is characterized by chills, sweats, re- 
mittent fever, moderate leukoc}'tosis and often by 
splenomegaly. Fulminating cases have ended 
fatally on the seventh day (Leschke (1)), and 
protracted cases may last 7 months ((Tastaigne 
(1)). The mortality rate judged from 44 cases 
of septicemia in which the outcome is stated is 
50 per cent. 

Reports of more than 127 cases of septicemia 
are available, many of which also show localiza- 
tion in various parts of the body. Cases rwth 
septicemia alone are referred to in Table I and 
are reported in the papers of Jilya and Trambusti 
(3), Arullani, Boni, Anglada, Tillaye, Marcora 
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MICROCOCCUS TETRAGENUS INFECTION 

I. Review of the Literature, Report of a Non’-fatal Case with Septicemia. 
Meningitis and Arthritis, and Bacteriologic Studies 

By HOBART A. REIMANN 

{From Department of Medicine, University of Minnesota Hospital, Minneapolis') 
(Received for publication November 28, 1934) 


The appearance of only two or three reports 
(Greiwe, et al. (1), Steele (1)) of Micrococcus 
tclragcnus infection in American medical litera- 
ture would lead one to believe the disease to be 
rare and of little importance. It is probabl}* quite 
common, but often disregarded or unrecognized 
in this country, ilore than 170 cases have been 
reported in Italian, French, German, English and 
Spanish journals. 

Micrococcus tclragcnus, after its discovery in 
1881 by Koch and Gaffly, was believed to be a 
harmless saproph^-te residing in the normal naso- 
phar^Tix and often in tuberculous cavities in the 
lung. Its pathogenicity was first recorded by 
Jakowski (2) in 1886. Later Mya and Tram- 
busti (3) reported two cases of septicemia, and 
Viquerat (4) produced suppuration by injecting 
cultures of M. tclragcnus into blister sacs on 
tuberculous patients. The organism is, however, 
of comparatively low virulence and becomes in- 
vasive only under certain conditions in which the 
resistance of the host is reduced. When infec- 
tion does occur, it resembles the local suppura- 
tion or septicemia with metastatic localization due 
to the closel}' related staphylococcus. The organ- 
ism appears to have a predilection for serous 
membranes, but also invades parenchymatous 
organs. 

All of the published reports, except two, deal 
with sporadic cases. Two small epidemics have 
been reported among soldiers during the World 
War; one by Birks, Thornley and Fawcus (5) 
who observed 25 cases of septicemia, and one by 
Tremolieres and Loew (5) with 45 cases. In 
both series the mortality rate was low and the 
general features illustrated the importance of 
predisposing factors. In many of the cases, M. 
tctragemis was probably a secondary invader. 

Clinically, the infection is characterized b}' 
features common to pyogenic infections due to 
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other cocci. The case reported here conforms to 
the prototype of the usual course. A brief sum- 
mary' of certain salient features of the disease, 
taken from reports giving adequate data in avail- 
able journals, is given in Table I. Many French 
and Italian articles (6) are short and devoid of 
details. 

The infection is apparently commonest in 
y'oung adults. The onset is usually abrupt and 
is almost invariably preceded by some predispos- 
ing cause which presumably lowers resistance and 
makes invasion possible. Sore throat and re- 
spiratory' tract infections are the commonest, as 
would be expected, since M. tetragenus often re- 
sides in the normal nasophary'nx. Other pre- 
disposing factors are anemia (^lya and Tram- 
busti (3), Arullani (7), Brugnola (1)), abscesses 
(Jakowski (2), Viquerat (4), Achard and (jail- 
lard (8), Steele (1) and others) and urinary 
tract infections (Gayet (9) and others). Inter- 
esting cases have been obsen'ed both preceding 
and following typhoid fever (Anglada (7), 
Laignel-Lavastine and Baufle and Meltzer (1)), 
several accompanying septicemia due to strepto- 
cocci (Meltzer (1)) and one with brucelliasis 
( 10) . The course of the infection may be mild or 
severe and is characterized by chills, sweats, re- 
mittent fever, moderate leukocy'tosis and often by 
splenomegaly. Fulminating cases have ended 
fatally on the seventh day (Leschke (1)), and 
protracted cases may last 7 months ((Tastaigne 
(1)). The mortality rate judged from 44 cases 
of septicemia in which the outcome is stated is 
50 per cent. 

Reports of more than 127 cases of septicemia 
are available, many of w'hich also show localiza- 
tion in various parts of the body'. C^es with 
septicemia alone are referred to in Table I and 
are reported in the papers of Mya and Trambusti 
(3), Arullani, Boni, Anglada, Tillaye, Marcora 
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TABLE I 


Summary from literature of features of Micrococcus tetragenus infection 



Sex 

Age 

Predisposing 

factor 

Onset 

Dura- 

tion 

Outcome 

Septi- 

cemia 

Arthritis 

Menin- 

gitis 

Other 

localization 

Other 

observations 

Cases with arthritis 

Chauffard, A., and 
Ramond,F.,Arch. 
de m6d. Exper., 
1896, 8, 304 

F. 

M. 

I 

Influenza 

Gradual 

Sudden 

11 days 
10 days 

Fatal 

Fatal 

+ 

+ 

-P 

■ + 


Endocardi- 

tis 

Exanthem 
Bronchitis, empy- 
ema 

Bertanx, A., cited 
by Lartigau (13) 

M. 

37 

Sore throat 



Recovered 

-1- 

+ 


Pneumonia, 

phlebitis 


Faisans and Le Da- 
many, Semana 
m6d., 1897, 17, 
258 

1 

1 

Sore throat 



Fatal 

■ 

4" 


Pneumonia, 

empyema, 

exanthem 


von Ofenheim, E., 
Proc. Roy. Soc. 
Med., Clin. Sect., 
1909, 2, 164 

M. 

38 

Abscess 

Gradual 

5 months 

Recovered 


+ 


Exanthem 

Typhoid fever and 
rheumatic _ fever 
first considered. 
No specific agglu- 
tinins; treated 

I with vaccine 

Stroebel, Beitr. z. 
klin. Chir., 1913, 
83, 718 

M. 

26 

Thoracotomy 

Sudden 


Recovered 

+ 

1 

i 

+ 




lycschke, E., Spez. 
Path. u. Therap. 
Kraus, Brugsch., 
1919, 2, 1103 

M. 

23 

Sore tliroat 

Sudden 

7 days 

Fatal 

+ 

+ 

+ 



This report 

M. 

46 

Sore throat 

Sudden 

7 weeks 

Recovered 


+ 


Prostate 

Rheumatic fever 
and gonorrheal 
arthritis first con- 
sidered. Nopg- 
glutinins. Skin 
test negative 


Cases with pneumonia or empyema 


Castaigne, J., Bull. 
Soc. Anal., 1897, 
11, 394 

1 

F. 


Fractured leg 

Gradual 

7 months 

Fatal 

+ 

\ 

i 


Spleen and 
kidney ab- 
scess 


Bose, F. J., and 
Galavielle, L., 
Arch, de mfid. 
Exper., 1899, 11, 
70 

M. 

45 




Fatal 






Bose, F. J., Arch, 
de rafid. Exper., 
1900, 12, 159 

M. 

21 

Long illness, 
anemia 

Sudden 


Fatal 




Peritonitis, 

entero- 

colitis 


Byers, J.. and Hous- 
ton, T., Lancet, 
1913, 1, 1723 

M. 

1 

11 

A “cold” 

Sudden 



+ 



Exanthem 




Cases with meningitis 


Bezancon, F., and 
Lepage, Semana 
mC-d., 1898, 18,40 

F. 

32 

Following 

childbirth 



Fatal 

+ 


+ 



Grciwe,J.W.,Fack- 
ler. G. A., and 
Mitchell. E, \V., j 
Phila. Month. 
Med. J.. 1899, 1, 
528 

M. 

35 


Sudden 

3 weeks 

Fatal 


i 

+ 



Pende, N., Cen- 
tralbl. f. Bakt.. 
Ref.. 1908. 41. 
294 

F. 

48 

Previously well 

Sudden 

5 weeks 

Fatal 

i 

1 

j 

i 




_________ 

Bonanno. A. M., 
Riforma mcd.. 
1931. 47, 363 

M. 

28 


Sudden 

4 weeks 

Recovered 

1 None 


-P 


at/*' 
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TABLE I {continued) 



5cx . 

;\CC 

PrcdisfvT'inf; 

factor 

Onset 

Dura- 

tion 

Outcome 

Septi- 

cemia 

Arthritis 

IB 

Other 1 
localuation 

1 


Caies tritk sepiiumic vith miiuUaneotii localizzUon 



yrs. 










Luici. Forcaca. Rl- 

M. 

45 


Sudden 

6 months 

Recovered 




Eopj'enaa 


forma rr.ed., 1903, 
19. 309 and 346 












Bnicnob, A., Ri- 

F. 

40 

Anemia 

Gradual 

6 weeks 

ReODvered 

M 


i 

1 

Patient not ill. 

forma mod.. 1906, 

F. 

21 

Anemia 

Gradual 

— 

Recovered 


1 



afebrile 

22. 957 












Debove. Presse 

Q 

Ea 

OH endocarditis 

Gradual 

Months 

Fatal 

-r 



Acute endo- 


racd., 1907. 15,41 

H 

m 








carditis 


Ziegler. K., Mfla- 

F. 

17 

Sore throat 

Sudden 


Recovered 

-r 





Chen med. Wchn- 
schf.. I90S. 55, 
24S7 







! 





Laignel*Lavastinc 

F. 

26 

Tn)hoid fever 

Sudden 

1 week 

Recovered 





Occurred 12 days 

and BauSe. P., 










after trphoH fe- 

Corapt, rcnd.Soc. 

debioL, 1909, 67, 






1 





ver 

661 












Caldera, C., and Pi- 

M. 

16 

Chronic mas- 

Sudden 

1 

Fatal 

■r 



Empyema, 


naroli, G., Arch. 



1 toiditis 


1 

1 




lung Ban- 


ital. diotol.,1911. 
22. 34 









.1 

grene 


Steele. A, E.. 

M. 

24 



14 

Fatal 

-n 



Tibial 


1914, 

62. 930 

1 


1 

■ 

weeks 




1 

abscess 


LQdke. H., Mflnchen 


21 

Sore throat 

Gradual 

17 days 

Recovered 




Petechia 

Given apea'fic vac- 

laed. W’chnschf., 


34 

Typhoid fever 

Sadden 


Recovered 





dne 

1920. 67. 454 

M 

41 

throat | 



Recovered 






Kfam&r. E.. Arch, 
f. Kinderh.. 1930. 


3} 


;|gm| 

3 months 

Recovered 





Sped£cszsJatia!ss 


mos. 









in serum. 1-640 

92. 248 












Ade).F..Med.K]m.. 

M. 

31 

A "cold" 

Gradual | 

2 months 

Fatal 

"h 



Petechia, 

' First believed to be 

1931.27, 129 







1 



endocardi- 

tis 

j tnberctrlosis 

Battistini. G., Ri- 
fonna xned., 1931, 

F. 

24 

Sore throat 

Gradual 

5 months 

Recovered 

-r 

Arthralgia 



First beh’eved to be 
rhsumatic fever. 

47.646 











Treated with vac- 
cine 

Meltxer, 0., 
2^lQnchen rocH. 

M. 

35 


Gradual 

5 weeks 

Recovered 

-r 




SpeciSc agglu tinia* 

Wchn-chr., 1910, 
37. 743 

F. 

27 

Postpartum 

Sudden 

9 days 

Fatal 1 

+ 




Streptococci in 


F. 

24 

Postpartum 

Sudden 

4 months 

? 





Streptococci in 




' 








blood 

Looten, J,. and Oui, 
Ann. d. Gvnec.. 

F. 

24 

Difficult labor 

Gradual 

6 weeks 

Recovered 

-r 

Arthralgia i 

1 



Puerperal infection 

1909, 6, 134 













(7), Ceraulo-Vetrano (10), Tremolieres, Birks 
(5), Gayet (9) and others. Cases w-ith localiza- 
tion in various parts of the body other than those 
h’sted in Table I are mentioned by the following 
authors: arthritis by Oettinger, Roger and Tre- 
molieres (11) ; vieningitis by Vincent (12), Oet- 
tinger (11), Ramond (16), Rosenthal, von 
Riemsdk and Blum (12) ; respiratory tract le- 
sions including mouth infections, phaiyrngitis, 
otitis media, bronchitis, pneumonia and empy- 
by Apert, Lewy, Lartigau, Park, Karlinsky, 
Steinhaus, Kapper, Netter, Delearde (13), Tre- 
molieres (5) and Kimmerle (14) ; endocarditis 


by Sterling (15), Gaucher, Perfetti (16), Len- 
hartz, Meyer (17) and pericarditis by Benoit 
(13) ; puerperal infection by Cathala and Gueniot 
(18), Bondy, Huss}*, Wegelius (7) ; peritonitis 
by Pane (3) and Muller (19) ; perinephritic ab- 
scess by Vease (16) ; and pyosalpinx by Woll- 
green (/), Battistini (1) reported glomerulone- 
phritis during septicemia and ^tivated M. tetra- 
genus from the patient’s urine. Exanthemata 
have been noted by Chauffard and Ramond, Fai- 
sans and Le Daman}', Adel, von Ofenheim, Byers 
and Houston, Ludke and Stroebel (1). Gaucher 
(16) noted purpura. 
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Only a few immunologic studies on patients 
have been made. Specific agglutinins were found 
in the serum by Meltzer, Brugnola (1) Tre- 
molieres (5) and Kramar (1) ; von Ofenheim and 
Debove (1) were unable to demonstrate signifi- 
cant titers. Several authors report beneficial ef- 
fects from vaccine therapy (Liidke, Battistini (1), 
Gayet (9)), others were unsuccessful (von Ofen- 
heim (1)). Vaccine therapy in experimental 
animals was ineffectual (Lambea (20)). 

Diagnosis . — Since the infection follows other 
diseases, as it often does, it is difficult to recog- 
nize for there are no pathognostic features aside 
from those common to other pyogenic infections. 
It has been confused with rheumatic fever, gonor- 
rheal arthritis, tuberculosis, typhoid fever, malaria 
and sepsis due to other pyogenic cocci, especially 
the staphylococcus. At present, etiologic diag- 
nosis can only be made by the isolation and identi- 
fication of M. tetragenus from the blood or from 
other foci of infection. 

CASE REPORT 

On June 14 and IS, G. J., a fisherman, aged 46, drank 
alcoholic liquor excessively and awoke on the morning of 
the sixteenth feeling ill with a severe sore throat, head- 
ache, and alternating chilliness and sweating. He went 
to work, but soon became worse and retired because of 


knee was slightly swollen and painful. The overlying 
skin was neither reddened nor hot. The heart and lungs 
were normal. The prostate was tender but not enlarged 
and several drops of viscid white pus were e.\pressed 
from the urethra on two occasions. No abnormal neu- 
rologic signs were noted. The clinical impression was 
acute rheumatic fever or gonorrheal arthritis. 

Course. The arthralgia and fever were uninfluenced 
by amidopyrine. On June 27, 'the tenth day of illness, 
the right knee became larger and 40 cc. of mucinous, 
lemon yellow, turbid pus was aspirated. The right wrist 
was aspirated but no pus was obtained. The knee was 
aspirated again on the eighteenth and twenty-second 
days; 60 cc. and 9 cc. of pus were removed. The pa- 
tient's condition improved somewhat until the fifteenth 
day when generalized muscular twitching, irrationality, 
somnolence and pupillary inequality appeared. His neck 
was held rigid, the deep reflexes were hyperactive, but 
Babinsky’s sign was normal. Lumbar puncture revealed 
cloudy fluid under 18 mm. mercury pressure; 8 cc. were 
withdrawn. Spinal drainage was repeated at intervals 10 
or 12 times thereafter. The patient voided involuntarily 
and the stools were diarrhoeal for a day. 

Irrationality and somnolence persisted with brief, ap- 
parently lucid intervals. On the seventeenth day he com- 
plained of severe pain in the left shoulder. His neck 
was rigid and nystagmus was noted. He appeared to be 
moribund on the eighteenth day, but thereafter gradually 
improved. On the twenty-fourth day two shaking chills 
occurred. At times he was irrational, but the tempera- 
ture gradually declined and remained normal after the 


C F 
39.9“ 104“ 
39.4 103 
38.9 102 

38.3 101 

37.6 100 

37.3 99 

36.6 98 
36.2 97 


Fig. 1. Temperature Chart of Patient with M. tetragenus Septicemia, 

Arthritis and Meningitis. 

thirty-eighth day. The fever was remittent and ir- 
regular as shown in Figure 1. The pulse rate vane c 
tween 70 and 110. . 

Laboratory observations. There was slight a ^ 
nuria. The leukocytes ranged between 12,000 and . ^ 
per cu. mm. The red cell count and hemoglobin '' 
unchanged. The blood Wassermann was negative. _ 
spinal fluid in the early period contained between -j 
and 3400 cells, mostly polymorphonuclear ’ 

between 8 and 40 mgm. sugar, and the Pandy .arid i <> ■ 
tests were positive. The cell count graclualb 
to 21 on the sixty-fourth day when the last fluid 
withdrawn at which time 55 mgm. of sug^ir v,cre P*c 


b.ackache and pain in his limbs. Headache was severe 
and constant. There was transient earache and partial 
deafness. After a day or two, pain localized in the right 
knee, shoulder and arm. On several occasions thereafter 
the backs of both hands became temporarily swollen and 
painful. His condition remained unchanged until he en- 
tered the hospital on the seventh d.ay of illness. His 
past history was irrelevant except for gonorrhea in 1931. 

Physical examination revealed a moderately ill, febrile 
patient evidently suffering from pain in his knee and 
shoulder. The pharyngitis had disappeared. There was 
tenderness and swelling of the right wrist, upper arm and 
shoulder, tenderness in the left shoulder, and the right 
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n.\CT!'.Kioi.nt;ic sTnuF.s 

Blooil cuUnn's. A l)!nn<l culture in l)r<>t!i ninfie 
uu tlic ninth day showed t;rain-positivc. irregularly 
shaped cocci in small clusters and a few in diplo- 
form after 24 hours at 37° C. When suhcul- 
tured on blood agar, a few minute colonies of 
small gram-jinsitive cocci which were thought to 
he staphylococci grew in 24 hours. They were 
believed to he secontlary invaders or contaminants 
and were not studied further. Subsequent blood 
cultures in broth made on the sixteenth and nine- 
teenth days were sterile, hut on one agar pour- 
plate two whitish colonics appeared after 3 days. 
The colonies after a week at 37° C. became yellow. 
The cocci composing each of these colonics were 
of two distinct kinds, large and small, and both 
occurred in tetrad formation f Figure 2.-\). 



Fig. 2(,A). L.\rce a.vd Small Tetrads Composing a 
Yellow Colony Obtaineo from a Blood Culture on 
THE Sixteenth Day of Illness. (S) Clusters of 
Pleomorphic Cocci Surrounded by a Halo (C.vpsule?) 

IN Pus from the Knee .\spir-sted on the Tenth D.\y. 
(C) Small Diplococci .and Tetrads (Capsul.ateo.'’' 
Obtained from Broth Culture of Spinal Fluid on 
THE Fifteenth Day of Illness. 

.\1I magnified X 1150. 

Pus from the kuce. In a smear made from 
pus aspirated on the tenth day. 3 clusters of gram- 
positive, pleomorphic cocci were found after pro- 
longed search (Figure 2B). One or two of the 
larger cocci Avere divided by a transA'erse fissure. 
The clusters appeared to be enclosed in a faintly 
staining pink capsule-like material. On a blood- 
agar plate inoculated with pus. one small Avhitish 
colony appeared composed of gram-positive cocci 
niostly in tetrad formation. Similar colonies ap- 
peared on plates streaked with pus removed on 
the eighteenth day. Cultures made from pus 
aspirated later Avere sterile. 

Spinal fluid. Spinal fluid obtained on the fif- 
teenth day Avas inoculated into 3 plain-broth tubes 


and on blood-agar plates. After 5 days inculia- 
tion a slight stringy groAA'th appeared at the bot- 
tom of 2 tubes. Smears from tiiese cultures 
shoAved a few partly decolorized and some en- 
tirely gram-negative cocci, irregular in shape and 
size, mostly in tetrad formation. On subculture 
from one tube on a blood-agar plate, 1-4 small 
Avhite colonies appeared after 18 hours, composed 
of gram-positive small tetrads. A halo sur- 
rounded the tetrads (Figure 2C} Ai-hicb suggested 
a capsule, but none AA-as stained nor demonstrable 
Avitli India ink. Organisms from this colony 
AA'erc subcultured on blood-agar plates. After 48 
hours, large greenish colonies surrounded by a 
green zone appeared. On several other blood- 
agar plates, hemolysis Avas noted Avhere the col- 
onies Avere croAvded, On subculture on blood- 
agar or in blood-broth tubes hemolysis failed to 
recur. The colonies Avere composed of typical 
gram-positive tetrads. Similar results were ob- 
tained from cultures of spinal fluid obtained on 
the eighteenth day. At this time, one large AA'hite 
colony appeared on a plain-agar plate after -48 
hours at 37° C. After centrifugation of a sam- 
ple removed on the tAventy-seventh day. a tew 
diplococci AA-ere seen for the first time in a direct 
smear. Thereafter, similar organisms AA-ere culti- 
A'ated from each of the subsequent samples of 
spinal fluid by Dr. R. KoucIca'. The last culture 
AA-as obtained on August 20. three Aveeks after 
the patient had become clinically Avell. 

Urethral pus. Pus expressed from the urethra 
on tAA-o occasions shoAved a great predominance 
of gram-positive coed, arranged singly, in pairs, 
in threes and many in tetrads and small clusters. 
Cultures on plain-agar after 24 hours at 37° C. 
formed a hear-A- groAA-th chiefly of Avhitish colonies 
composed of large gram-positive tetrads. 

Rabbits, guinea pigs and AA-hite mice inoculated 
intraperitoneally Avitli Avhole blood, spinal fluid, 
pus from the knee and AA-ith subcultures of the 
organism isolated from the three sources all sur- 
A-ived. Xo agglutinins for the organism or any 
of its variant forms appeared in the patient’s 
blood obtained at 5 interr-als during and after his 
illness. A dilute suspension of cocci k-illed bv 
heat at 60° C. for hour and injected fntra- 
cutaneously in the patient failed to cause err-- 
thema. The general characteristics of the iso- 
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TABLE II 

Cultural characteristics of M. tetragenus according to several authorities compared with the strain isolated from the case reported 







Acid in 




Autlior 

Form 

Colonics on agar 

Growth in broth 

(U 

o 


Maltose 


1 

•o 

Vi 

•> 

C C 




Gelatin 

liquifi 

Dextros 

Sucrose 

Lactose 

Milk 

Nitrate 

reduc 

0 

C 

S 

tx C 

- u 

Z 0 

StcrIinR, S., Ccntralbl. f. 

Capsulatcd tetrads in 

Yellow, round 


+ 





0 




Bakt., 1896, 19. 141 

blood culture 









Lcsclike, E. (1) 

Tetrads, capsule present 

Greyish-white, slimv. 


0 







+ 

+ 


in vivo and on solid 

Zone of hemolysis 











media 

on blood-agar 











BorRcy, D. H., Manual of 

Tetrads in vivo, pairs or 

White, smooth, glis- 

Clear, gray sediment 

0 





A± 

0 


+ 

Determinative Bactcri- 
oloRy, Williams and 
Wilkins Co., Baltimore, 
1925, 2nd cd. 

irregular masses in me- 
dia, pseudocapsule 

tuning 





















System of BactorioloRy, 

Large capsulated tetrads 

Surrounded by green 

Clouding first then 

0 



’'aria 

blc 




+ 

Med. Res. Council, 

in vivo; smaller and 

area on blood-agar 

a deposit 





London, 1929, 2, 26 

single or pairs or groups 
on media 












Principles of Bacteriologv 

Capsulatcd tetrads 

Glutinous, difficult 

Thick, weedy gluti- 
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luted micrococcus are summarized in tlie lower 
portion of Table II. 

Variation of the isolated organisvi 
The striking variations observed in the morpho- 
logic characteristics of the cocci and of the colonies 
at once suggested the operation of dissociative 
phenomena. Chi one hlood-cultnre agar-plate 
the colonies were composed of large and small 
cocci (Figure 2A). W'hen cocci from this colony 
were spread on another agar-jilate. two types of 
colony appeared, large ])orcelain-like cream-col- 
ored colonies and a sparse growth of small white 
colonies ( h'igure 3H). .\n agar-plate seeded 

from a large white colony was permitted to age 
at room temperature. After 48 hours many of 
the isokited cnlunies became >ulfur yellow while 
those cri'wded together remained .smaller and 
white. After 5 days, opafpie yellow ’■ daughter ' 
colonies appeared on some of the large yellow 


forms. On the twelfth da}' the colonies were all 
I golden yellow, and composed of large tetrads. 
A whitish halo appeared around some of t!i|' 
smaller forms. On the halo, white “ daughter 
:olonies grew and in the' yellow center, ycllou 
‘daughter” colonies (Figure 3A) developed. 

\\’hen organisms from the small colony "tTC 
ieeded on agar, small oj;aque white colonies slow!} 
ijipcarcd. The cocci were single, in diploforin nr 
n small clusters, pleomorjihic and metachroniatic 
: Figure 3E) , \\’hen the plate was e.xamincd with 
i 10 X hand lens after 72 hours, numerous minute 
ransparent colonies less than 0.1 mm. in dianutir 
lecame visible scattered among the larger fl- 
nm.) whitish ones. Cocci from these coloiiii 
vcrc markerll}' plcomori)hic and many were o'ln 
iletelv decolorized by Gram’s metliod. I he encu 
'aried in size from tho.se as large as tlie ".i 
Ilustrated in Figure 3D to ones jiHt within t ■ 
ange of vision of the oil immersion si'stein I I 
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Fig. 3(.-J). Colonies 2 Weeks Old Which Op.igin.^llv Were White Like Tho.se of 
B. .^iter aging they became yellow and later developed a whitish halo-like outgrowth. On 
the yellow center are yellow " daughter ” colonies, on the halo are white " daughter ” colonies. 
( B ) L.srge .wn Sm.\ll White Colo.vies. (C) L.vrge .^nd Sm.sll Tr.^nslucent Colonies, 
(.■Ml slightly magnified.) ( D ) L.\rge Cocci in Tetr.ads Composing the Yellow Colo.vies, 
(£) Sm.xll Cocci Single .\st> in Clusters Composing You.vg White Colonies. (F) 
Pleomorphic, Met.schrom.ltic Cocci Composing the Tr.lnslucent Colonies. 


lire 3F), .-\fter 5 days incubation, tlie minute 
colonies increased to 1 mm. in size and became 
translucent with a yellow-blue iridescence. Sub- 
culture produced colonies which grew more rajiily 
and were translucent. .A.t various times during 
subsequent subcultures an occasional large white 
colony or a large yellow one would appear among 
the myriads of translucent colonies. 

Thus from the blood culture at least three dis- 
tinct. fairh- stable forms of colony were obtained, 
(1) white. (2) yellow and (3) translucent. 
Other less stable varieties were observed. Bv 
special methods to be reported elsewhere, the 
translucent form was induced to dissociate into a 
shell-pink varietj* and an orange-buff variett*. each 
of which bred true on repeated subculture. There 
was evidence of constant reversion of one form 
into another. Similar results were observed with 
the organism isolated from the spinal fluid and 
knee pus, and with several strains of M. tclragenus 
obtained from culture collections in Vienna and 
Chicago. 

The biological reactions of the organisms com- 


posing the three varieties of colonv varied con- 
siderabK as shown in Table II. Cocci from the 
white colonies were large, usually occurred in 
clusters or tetrads, produced greenish color on 
blood-agar, did not liquefy gelatin, but fermented 
dextrose, sucrose, maltose and lactose, and re- 
duced potassium nitrate. Cocci from the vellow 
colonies were in large and small tetrad formation, 
were chromogenic. liquefied gelatin slightly after 
3 weeks, did not ferment any sugar, or reduce 
nitrate. Cocci from the translucent colonies were 
markedh pleomorphic and rarelv occurred in 
tetrads; they liquefied gelatin in 2 days, fermented 
de.xtrose, sucrose and maltose but not lactose, did 
not reduce nitrate and were hemolnic. Xone of 
the strains fermented mannite, addified milk nor 
tormed mdol. Xone were pathogenic for mice. 

Capsules could never be demonstrated with cer- 
tainty. 

Classification of the organism 

Criteria for the identification of M. tetragenus 
larj considerably according to different authori- 
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ties as a glance at Table II will reveal. No two 
agree in all respects. In general, the organism is 
said to occur in large gram-positive, capsulated 
tetrads in vivo and to become smaller and lose 
both capsule and tendenc}^ to group in fours on 
subculture in vitro; the colonies are glistening- 
white; gelatin is not lic|uefied, milk is not co- 
agulated, blood cells are not hemolized, and no 
gas is produced in various sugar media. The 
points of variance are the production of 3’^ellow 
and red pigment (Chaufifard and Ramond (1), 
Sterling (2), Boschi and Bellei (13), Laignel- 
Lavastine and Baufle (1), Roger and Tremolieres 
(5), Brugnola (1, 8, 20, 21, 22) ; lack of Aurulence 
for animals (Teissier, Boutron (22), Debove, 
Brugnola, Ziegler, Kramar (1)); liquefaction of 
gelatin (Sterling (15), Jacobelli (22), Chauffard 
and Ramond, Laignel-LaA'astine and Baufle (1)) ; 
coagulation of milk (Berge}', Zinsser and Bayne- 
Jones (15)); hemolysis (Leschke (1)) and cap- 
sule formation (Bergey (15)), 

Practicall}’ all of these apparent contradictions 
can be explained on the basis of microbic dissocia- 
tion, Much confusion could have been avoided 
had the early studies of Boschi and Bellei (13) 
and Jacobelli (22) been more seriously considered. 
These observers anticipated the modern concep- 
tion of bacterial variation nearly 40 years ago 
when they showed that colonies of M. tetragenns, 
aged on agar plates, formed yellow pigment and 
that after subsequent transfer, while colonies 
again appeared. Teissier (22) in 1896 even 
noted the formation of “ daughter ” colonies. 
For a time it was controversial as to whether 
many difl'erent strains existed or if the different 
forms were all variants of a single strain. It 
seems now that both views were correct ; numer- 
ous strains e.xist and each ma_v dissociate into 
various forms. 

'I'liere has been considerable difficulty in differ- 
entiating M. tetragenns from the staphyloccus to 
which it is closely related. The differences be- 
tween typical undi>sociated strains of cither tyi)e 
are distinct, 'i'he dissociated forms of one may. 
however, rc'-einble either the undissociated form 
of the other or it> variants so closely that identifi- 
cation is ahno't impossible, except if reversions to 
the original form occur. For example. IIf)ffstadt 
and Voumans t 2.1 ) have dissociated the Stagliylo- 
eoeens anrens into :i immhcr of variant forms. 


some of which were no longer chromogenic, no 
longer liquefied gelatin and no longer caused 
hemolysis. These are reactions also characteristic 
of M. tetragenns. On the other hand, as I have 
shown, one of the dissociated forms of M. tetra- 
genus liquefied gelatin, caused hemoh^sis and its 
cocci grew in clusters and produced colonies with 
a blue-yellow iridescence ; it was thus indistin- 
guishable from the staphylococcus except that 
milk was not acidified and that occasional rever- 
sions to the original form occurred. 

COMMENT 

Increased knowledge of microbic dissociation 
has explained many of the older difficulties in the 
classification of bacteria. When comparing one 
species of organisms with another it is necessary 
to deai with known variants of each. As shown 
in this study, the “ typical ” undissociated forms 
of M. tetragenns and A. anrens are distinct, 
whereas the dissociated forms of one may be i”' 
distinguishable from those of the other. Similar 
phenomena have been encountered in the study of 
other bacteria. The relation of microbic dissocia- 
tion to infection, disease and recovery is but little 
understood. It is of interest to speculate as to the 
form or phase or cyclostage in which M. tetra- 
genns existed in the patient described in view of 
the fact that the organism was seen in its “ atypi- 
cal ” ( ?) form in the pus from the knee and spinal 
fluid and because of its slow growth on first sul)- 
culture and its presence in the spinal fluid after 
the patient had apparently recovered. Furtlici 
studies in this regard and a detailed desciiptiou 
of the five variant forms will be presented else 
where. 

The isolation of a bacterium which giew 
colonies of different character each compo.'icd <'l 
cocci of different size, shape, arrangement aim 
biologic reactions from the same patient ""ii 
lead one to suspect a mixed infection or cou 
tamination. It became evident that a single 
cics with its variant forms was concerned alti 
the transformation of one form of colons into a 
other on culture media had been watched. t 
jjossible that cases fif M. tetragenns infection a ^ 
occasionally missed because of the variabilitv 
the iscjlated organism, or without further ."tn . 
cases are easilv mistaken for staphylococ in- 
fection. 
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SUMMARY 

A nonfatal case of ictragcmis infection with 
septicemia, purulent arthritis and meningitis is 
described. The organisms isolated from the pa- 
tient’s blood, pus from the knee and from the 
spinal fluid conformed in general to the criteria 
established for the species Gaffk}'a tetragena. 
From the tj'pical white colonies isolated, two 
variant forms developed, one yellow, the other 
translucent; each form of colony was composed 
of cocci of different but constant characteristics. 
Reversion or transformation of one form into an- 
other on culture media was obscr\’ed. The bio- 
logic characteristics of the \'ariant forms vary 
considerably, which helps to explain the appar- 
ently contradictor}’ criteria of numerous authori- 
ties regarding the differentiation of M. tetragenus 
from staphylococci. 
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Until recent years it was generally believed 
that gastric anacidity indicated disease of clinical 
importance even though the patient at the mo- 
ment presented no serious symptoms (1). Re- 
cently, however, as a result of extensive studies 
on more or less normal people it has become 
apparent that failure of the stomach to secrete 
acid, or for that matter any juice at all, even 
after so powerful a stimulus as histamine, is 
compatible with good health. Under the caption 
of “ unexplained anacidity ” we described sev- 
eral years ago a group of patients without gastro- 
intestinal symptoms and without cancer of the 
stomach or pernicious anemia in whom anacidity 
after histamine was demonstrated as an acci- 
dental finding during the course of routine hos- 
pital studies (2). It seemed of importance to fol- 
low the subsequent course of these people with 
regard to their general state of health, and par- 
ticularly to see whether they developed cancer of 
the stomach, pernicious anemia, or hypochromic 
anemia, conditions of which gastric anacidity has 
been claimed to be a precursor (3). 

MATERIAL 

The subjects were of the same type as those 
described in the previous paper (2), the general 
run of hospital patients. We excluded at the 
start (a) those in whom there was any suspicion 
of pernicious anemia, (b) those who had a hypo- 
chromic anemia with hemoglobin below 80 
(Sahli), (c) those with gastro-intestinal symp- 
toms more outspoken than the minor complaints 
of gas or occasional epigastric fullness, so com- 
mon in any group of clinic patients, and _ (d) 
those with cancer of the stomach. 


x-rays were made from time to time and the his- 
tamine test was repeated in many instances. Only 
one patient was lost track of during the period 
of study. Another died of a stroke. There were 
twenty-two females and t^ventj'-one males. Only 
six of the whole group were under 40 years of 
age; most of them were in the period v.'hen per- 
nicious anemia and cancer are common. 

Development of cancer of the stcnnach in people 
with gastric anacidity 

The duration of the follow-up with reference 
to development of cancer of the stomach was as 
follows : 

Years followed 12 3 456789 10 11 12 

Number of patients ... 3 4 12 16 2 4 1 1* If 

♦Anacidity to Ewald Meal in 1924; first histamine 
test in 1929. 

t Anacidity to Ewald Meal in 1922; first histamine 
test in 1930. 

In no case did cancer of the stomach develop. 
In most instances gastro-intestinal x-rays were re- 
peated toward the end of the follow-up period, in 
nearly all, the patient was seen and examined, in a 
few, a report which seemed conclusive came by- 
letter. 

Development of pernicious anemia in people 
with gastric anacidity 

The duration of the follow-up with reference 
to development of pernicious anemia was as fol- 
lows : 

Years followed 1 2 3 4 5 6 7 8 9 10 11 12 

Number of patients 33 12 15 241 1 1 


The presence of anaadity was established by In nearly every case the patient was carefnllv 
the histamine test (4), and gastro-intestinal examined at the end of the foUow-UD oerinH fnl 
roentgenography was carefully done, aside from physical evidences of pernicious anei^Wt 
the usual general examination. Forty^-three spleen, cord 

cases were followed for periods of from one to made. In a few instances fho f? * 

seven years in the anacidity clinic. Physical e.x- return but wrote about his conrlV^ 

aminations, blood studies, and gastro-intestinal questionnaire. » 07 ie of the^ ff^oup waKi° ^ 

32 1 
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any suggestion that pernicious anemia had devel- 
oped. 

During the course of the study, however, there 
came to our attention two patients who deserve a 
word of comment. Neither is included in the 
series reported above. 

E. S. (No. 194344), a salesman, 48 years old, came to 
the clinic in November 1929 for mild epileptiform at- 
tacks. There were no symptoms or physical signs to 
raise any suspicion of pernicious anemia. There were 
no gastro-intestinal symptoms but the histamine test 
showed an anacidity with practically no gastric secretion. 
Blood: (November 1929) R.B.C. 5.4 M, Hb. 17.2 grams 
per cent, W.B.C. 9200, no morphological abnormalities, 
April 1931. Patient perfectly well. Blood: R.B.C. 4.98 
M, Hb. 16.6 grams per cent, C.I. 0.99, W.B.C. 9200. 
Platelets 313,000. Price-Jones curve normal. June 1932. 
Patient well. Second histamine test, complete anacidity. 
Blood: R.B.C. 5.2 M, Hb. 17.5 grams per cent, C.I. 0.97, 
W.B.C. 9400. Platelets 387,000. There was a definite 
tendency to macrocytosis. The Price-Jones curve was 
shifted to the right and there were a good many cells 
with diameters between 9 and 10 /i. 

The question arose as to whether one was dealing with 
the earliest evidences of pernicious anemia, but in 1934 
the patient who had had no liver therapy was perfectly 
well. 

The second case was that of J. A., a man of 45 years 
who came to the clinic in January 1930 with the com- 
plaint of diarrhea off and on for six years. Physical 
examination was not remarkable aside from acne rosacea 
and slight undernutrition. Gastro-intestinal x-ray studies 
were normal. Barium enema, normal. Histamine test 
showed complete anacidity. Blood: R.B.C. 4.7 M, Hb. 
14.3 grams per cent, W.B.C. 8,900. No morphological 
changes. The diarrhea stopped after administration of 
dilute hydrochloric acid ; the man gained twenty-five 
pounds and has remained well. April 1931. Blood: 
R.B.C. 4.6 M, Hb. 15.5 grams per cent, C.I. 0.98, W.B.C. 
8800. Morphology normal. Price-Jones curve, normal, 
April 1932. Blood: R.B.C. 4.6 M, Hb. 15.7 grams per 
cent, C.I. 0.99, W.B.C. 8600. There was marked aniso- 
cytosis with many macrocytes, the Price-Jones curve 
being markedly shifted to the right. August 1932. 
Blood : R.B.C. 4.7 M, Hb. 16.9 grams per cent, C.I. 1.04, 
W.B.C. 7800. The cells showed marked anisocytosis and 
slight polychromasia. The average red cell diameter 
was 8.07 ft. 'There were many large cells. 

Here again the suspicion of early pernicious anemia 
was aroused, but since the patient is perfectly well two 
years later no conclusion can be reached. 

The dr^'clopmcnt of hypochromic anemia in 
patients xoith anacidity 

During the course of this study we encountered 
six cases of hypochromic anemia with anacidity. 


They presented the usual features of the syndrome 
with prompt improvement of the blood on iron 
therapy, and relapse when iron was discontinued 
for any length of time. These patients were e-x- 
cluded at the start from the group of “unex- 
plained anacidities ” with which we are dealing in 
the present report. Of the patients with anacidity 
who were not anemic at the start of the follow-up 
period none developed hypochromic anemia. One 
patient on one occasion had only 11.2 grams of 
hemoglobin per cent but subsequently his blood 
was normal without administration of iron. This 
fact, that none of the patients became anemic, 
seems of considerable interest since it suggests 
that some influence other than anacidity is of 
major importance in precipitating the blood 
changes. We have discussed this matter in de- 
tail elsewhere (5). 

Permanence of anacidity 

In our experience anacidity following an injec- 
tion of histamine is almost always permanent: 
restoration of anything approaching a normal 
gastric secretion is out of the question (6). 1^^ 
the present series the histamine test was repeated 
one or more times after varying intervals (one to 
four years) in 25 cases. Anacidity persisted m 
all but one. This was a man of 60 years who 
secreted no acid in June 1931 but in March 193 
he attained a free acid of 31 and total acid of 4 • 
Whether there was an actual restoration of slight 
secretory ability or whether a small amount o 
acid was obscured by mucus on the first test can 
not be said definitely. 

General course of events in patients teith 
unexplained anacidity 

As we followed these patients year after )car 
nothing of note developed in regard to their gen^ 
eral condition; certainly one did not get the im 
pression that anacidity led to the development o 
any clinical symptoms, or that it shortence j 
Patient Ed, for example, who was 67 years o ^ 
the start of the study has been followed or 
3'ears with no deterioration of health. Patient - 
first seen six years ago, had a cholecystectom) n 
has been well ever since. Patient 
old at the start of the follow-up period, 
arteriosclerosis and myocarditis, remains a iciU- 
same four years later. 
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DISCUSSION’ 

Forty-three clinic patients, for the most part 
with minor disabilities, in whom gastric anacidity 
was discovered as an accidental finding were care- 
fully followed over periods var}’ing up to seven 
years. In no case was there evidence that the 
absence of gastric secretion led to the development 
of any particular symptoms or to general impair- 
ment of health ; in no case did cancer, In’pochromic 
anemia or pernicious anemia supen-ene. The 
anacidity persisted except in one instance in which 
after an interval small amounts of acid were 
demonstrated. 

While these observations in no way contradict 
the general view that gastric anacidit)’ may be a 
precursor of cancer of the stomach or of per- 
nicious anemia, they indicate that the hazard to 
the indiridual is veiy small. Statistics also make 
this clear. Thus the death rate from pernicious 
anemia from 1921 to 1929 is reported as about 8.6 
per 100,000 (7), and if one assumes that before 
the introduction of liver therapy the average dura- 
tion of life was five years, then one might con- 
clude that the inddence in the population at large 
was 43 per 100,000. But among 100,000 people 
in the pernidous anemia age period there are at 
least 15,000 with anacidity (8) . Hence the chance 
on a statistical basis alone of any individual with 
anacidity developing pernidous anemia is only 
about 3 per 1000, or roughly one in three or four 
hundred. 

The fact that none of these individuals with 
deficient gastric secretion develojied pernidous 
anemia requires a further word of comment in 
view of the current theories of pathogenesis of 
this disease. The view seems generally accepted 
in this country, following the work of Castle, that 
the anemia results from the absence of a substance 
normally formed by interaction of a constituent of 
the gastric juice (intrinsic factor) with ingested 
protein (beef). The intrinsic factor according 
to Castle is independent both of acid and of pepsin 
and the question comes up whether it is present in 
the stomachs of these patients with anaddity who 
do not develop pernicious anemia. The data on 
this point are in conflict. Castle reported two 
such patients in whose gastric juice he w-as able 
to demonstrate the intrinsic factor in spite of 
anacidity (9). Barnett in our clinic, on the other 


hand, was unable to secure it from the secretions 
of several pedigreed cases of simple anaddity 
without anemia (10). A priori, it seems im- 
probable, if not impossible, that most of the pa- 
tients with unexplained anacidity can secrete the 
“ intrinsic factor ” — at least in quantity enough 
to serve any practical purpose. It should be re- 
called that most of these people not only secrete 
no acid but really produce no gastric juice at all 
(11). Even after histamine there is no response, 
and aspiration over a period of an hour j'ields 
only a few cubic centimeters of mucoid material. 
E.xtraction of gastric contents after a meal of beef 
shows that the food is not digested and even if 
traces of “ intrinsic factor ” should be present it 
is difficult to see how they could mechanically 
come in contact vvnth the ingesta in such a way as 
to liberate the anti-anemic substance. Be this as 
it may, the two patients wdth unexplained anaddity' 
in whom Barnett was unable to demonstrate the 
“ intrinsic factor ” in 1931 have been followed up 
to the present time without showing any signs of 
pernicious anemia. The crudal experiment of 
course would be an assay for anti-anemic sub- 
stance of the livers of achyh'a patients without 
anemia, and this we hope to do when material is 
available. 

All this to our minds indicates that the absence 
of Castle’s intrinsic factor in the gastric juice does 
not necessarily lead to the dev'elopment of per- 
nidous anemia. Apparently only an occasional 
person needs the protection of the Castle-Minot 
anti-anemic substance to safeguard himself against 
the disease whatever the ultimate cause of it may 
turn out to be. This view is supported by reports 
of blood changes after gastrectomy resembling 
those of pernidous anemia (12). The rare cases 
in which this occurs only seiwe to emphasize the 
vastly greater number of gastrectomies following 
which pernidous anemia does not develop. So 
too, very occasioiwUy, when the gastric mucosa is 
seriously altered in connection with cancer of the 
stomach, does pernidous anemia develop (13) 
but in the vast majority of cases anemia is not of 
the Addisonian ty-pe. 

COXCLUSrON'S 

Forty'-five patients with unexplained anadditv 
as prevTously defined were foUowed over periods 
of from one to seven years. In no case did 
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cancer of the stomach, hypochromic anemia, or 
pernicious anemia supervene. The implications 
of these findings especially "with reference to the 
etiology of pernicious anemia are discussed. 
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The view that the rheumatic process is initiated 
or activated by streptococcal respiratory infections 
has met with wide acceptance. The evidence 
which has accumulated in support of this concep- 
tion originated in the long recognized association 
of tonsillitis and rheumatic fever, as well as the 
so-called rheumatic sequelae of scarlet fever. 

The more recent observations of Glover (1), 
Schlesinger (2), Cobum (3), Collis (4) and 
others have stressed a broader view of strepto- 
coccal respiratory infections and have included 
such infections as pharyngitis, common cold, 
sinusitis, otitis, bronchitis and cervical adenitis. 
It is important to note that the presence of 
hemoMic streptococci in the flora of the throat 
during these infections has been considered by 
many observ'ers as diagnostic of a streptococcal 
respiratory infection, the criteria for diagnosis 
being bacteriologic rather than clinical. Cobum 
and Pauli (5) from extensive epidemiological, 
bacteriological and immunological studies postu- 
late that the hemolytic streptococcus initiates the 
rheumatic process. 

The majority of investigators emphasize the 
quiescent period (of apparent health), a period of 
approximately seven to twenty-one days between 
the respiratory infection and the subsequent rheu- 
matic recurrence, lending support to the hypothe- 
sis that rheumatic fever is allergic in nature. 
Paul and Salinger (6) from historical family 
studies have described simultaneous waves of res- 
pirator}' infections and rheumatic recrudescences 
in several members of the household. Similar 
observations have been reported by various in- 
vestigators, occurring in schools, camps, hospital 
wards and convalescent homes. In some instances 


^ This study was conducted under a special grant from 
the Commonwealth Fund. 
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these episodes have assumed epidemic propor- 
tions. 

It must be conceded that these various observa- 
tions appear quite convincing, but their possible 
specific etiological significance may be questioned 
in view of the known frequency of respirator}' 
infections in children in the seasons when rheu- 
matic activity is likely to occur. This is illus- 
trated by the following observations conducted 
for a two year period, 1930 to 1932, in which 222 
ambulator}' rheumatic subjects five to fifteen 
years of age were under close observation as part 
of another investigation. These children were 
under the medical supervision of the Heart Qinic 
of the New York Nurseiy and Child’s Hospital 
and were seen at least monthly. The majority of 
the subjects were under our care from the onset 
of the first rheumatic s}'mptom. Every effort vras 
made to record accurately any illness suffered by 
these children. 

The seasonal inddence of respirator}- infections 
and rheumatic recurrences experienced by these 
subjects is graphically presented in Chart 1. 

Here may be noted the three seasons of in- 
creased inddence of respirator}' infections — fall, 
winter and spring — common in this section of the 
country. The trend of the curves representing 
the^ seasonal inddence of rheumatic recurrences, 
while somewhat similar to the respiratory cuiwe’ 
IS significantly lower, showing the great^t ind- 

this ri^-o year 

penod 2„2 subjects experienced 783 respiratory 
infections and 401 rheumatic recurrences It !<= 
of some significance that less than 10 per cent of 

SSV P^^^^ded within a 

penod of toee weeks by a respirator}- infection. 
Bartenologic^I studies of the pharyngeal flora 
were not made in those years. 
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Chart 1. Seasonal Incidence of Rheumatic Recurrences and Respiratory Infections 1930-1931 
This chart illustrates the similar seasonal incidence of respiratory and rheumatic infections for 222 ambu- 
latory rheumatic subjects. 


In view of the etiological significance attributed 
to the presence of hemolytic streptococci in the 
flora of the throat during respiratory infections, 
it was considered worth while to include bacteri- 
ological and immunological observations in the 
following investigations. 

To evaluate the possible relation of respiratory 
infections to rheumatic fever, the family was 
taken as a unit for study. Ninety-two families 
including 123 rheumatic children, members of the 
Cardiac Clinic, were selected for this study. 
These families have been under our observation 
for a period of two to fourteen years. Since Sep- 
tember 1932 all the children attended the New 
York Hospital. About one-half of the rheumatic 
subjects are included in the 1930-1931 study. 

Information as to the incidence and time rela- 
tionship of respiratory and rheumatic attacks was 
obtained as accurately as possible. Trained in- 
vestigators visited the homes weekly and recorded 
upon a family chart the symptoms of the illness of 
every member of the household. When neces- 
sary, physicians visited the homes. Weekly throat 
swabs for cultures were taken routinely from all 
rheumatic children, from a series of controls and 


from every available member of the household 
during illness. Children visited the clinic for ex- 
amination at least monthly. The majority of the 
members of the household were examined during 
the year. Observations were continued on chil- 
dren admitted to the pavilions and convalescent 
cottages of the New York Hospital during the 
period of study.- 

A more detailed discussion of the bacteriologiw 
technique and criteria followed in these studies is 
included in the third paper of this series (7)- 
Throat culture specimens were taken at regular 
weekly intervals, in some instances more fre 
quently. After inspection of the pharynx, t e 
surface was rubbed with a sterile dry cotton 
swab. Blood agar plates were inoculated an 
incubated for twenty-four hours. The relative 
number of each type of colony was estimated an 
recorded numerically from 0 to 4. The relatuc 
number of colonies of hemolytic streptococci 
isolated from the pharyngeal flora of each subjec 

-We wish to acknowledge our indebtedness 
resident staff of the New York Hospital aiH to • 
Marie L. Troup, Superintendent of the Nciv ior ' 
pital Convalescent Cottages. 
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was recorded and correlated with the clinical 
signs and symptoms. 

The following rheumatic manifestations were 
recognized as evidence of activity : active carditis, 
chorea, arthritis, growing pains, pains in the 
joints, eruptions of the skin and rheumatic 
nodules. 

Respiratory infections included the common 
cold, nasophaiy-ngitis, tonsillitis, otitis, cer^’ical 


throat and the high incidence of respiratory in- 
fections in contrast to the insignificant rise of 
rheumatic recurrences during the months of 
March, April and May. 

During the year, 98 per cent of the subjects ex- 
perienced a total of 649 respiratory infections. 
About one-third of the respiratory infections were 
assodated with either marked local or constitu- 
tional symptoms, the remaining were common 



Chart 2. Monthly Inodence of Rheumatic Recurrences and Respiratory 
Infections Experienced by 123 Rheumatic Subjects 1933-1934 


adenitis and bronchitis. When such infections 
%vere assodated with the presence of hemolytic 
streptococd in the pharyngeal flora, they were 
designated as “streptococcal” respiratory infec- 
tions for brevity. This, we believe, is in accord 
iVTth the criteria apparently accepted in compar- 
able investigations, although contrary to our own 
conception. 

A comparison of the monthly inddence of res- 
piratory infections and rheumatic recurrences ex- 
perienced b}'- the 123 rheumatic subjects over a 
period of twelve months, from September 1933 to 
September 1934, is graphically presented in Oiart 
2. Of particular interest is the increased ind- 
dence of hemolytic streptococd in the flora of the 


colds. Many children suffered from persistent 
ethmoiditis and sinusitis during the period of ob- 
sen’ation. Three hundred and fifty-three (54 per 
cent) of the total respiratory' infections were as- 
sodated with hemolyiic streptococd in the pha- 
ryngeal flora. In about one-third hemolytic 
streptococci predominated in the pharyngeal flora. 

The designation, streptococcal respiratory in- 
fection, judging from the recent literature, is 
solely a bacteriological distinction and does not 
appear to be based on any diagnostic local signs 
or ^mptoms in the majority of instances. That 
such a bacteriological differentiation of respira- 
tory infections would not appear to be a valid one, 
is indicated by the following. During the months 
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Chart 3 . Relative Incidence of Respiratory Infections and Rheumatic 
Recurrences 1933-1934 (123 Rheumatic Subjects) 


of March, April and May, hemolytic streptococci Of the total 649 respiratory attacks only 16 per 
appeared in the pharyngeal flora in the majority cent were associated with rheumatic activity, 
of the subjects. It is significant that during this There did not seem to be any direct relation be- 
period hemolytic streptococci predominated in the tween the pharyngeal flora, or the type or severity 
pharyngeal flora of 50 per cent of the subjects of the respiratory infection and the rheumatic 
who were well, 40 per cent during respiratory in- activity that happened to follow such infection, 
fections and 10 per cent during rheumatic ac- It is perhaps of some significance that during 
tivity. It is of interest that the majority of these these observations the majority (84 per cent) of 
respiratory infections were the common cold. the respiratory infections experienced by these 

In marked contrast to the prevalence of res- rheumatic subjects were not associated with rheu- 
piratory infections during the year was the rela- made activity. 

tively low incidence of rheumatic recrudescences. Sixty-one subjects (49 per cent) e.xperienccd 
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139 rheumatic symptoms; about three-fourths, 
100, were recurring joint pains, 6 purpura, 16 
chorea, 9 arthritis and S carditis, arthritis and 
nodules. Analysis of the time relationship be- 
tween these rheumatic recurrences and respira- 
tory infections, summarized in Table I, is of in- 
terest. 


One-fourth (24 per cent) of the 139 rheumatic 
episodes were unrelated to respiratory infections. 
About one-half (47 per cent) of the rheumatic 
recurrences occurred either simultaneously with a 
respiratory infection or more frequently during a 
chronic respiratory infection, such as persistent 
ethmoiditis so commonly present in children. In 
some instances the respiratory infection occurred 
during the course of the rheumatic activitj*. 

Of particular interest is a consideration of the 
incidence of rheumatic recurrences which were 
preceded (within a month) by a respiratoiy in- 
fection. Respiratoiy infections were considered 
to precede rheumatic activity if the termination of 
the respiratory infection was within a period of a 


month before the onset of rheumatic activity. 
The interv’ening period of apparent health was 
designated as the quiescent interval. Sixteen per 
cent of the rheumatic episodes were preceded by' 
a respiratory infection (unassociated with hemo- 
lytic streptococci in the flora of the throat) and 
only 11.5 per cent of the 139 rheumatic recur- 


rences were preceded by’ a “ streptococcal ” res- 
piratory infection. The quiescent inteiY'al subse- 
quent to respiratory infections was infrequently- 
observed to precede rheumatic acti\-ity. This is 
not in accord with the observations of other in- 
vestigators. 

In children it is particularly difficult to deter- 
mine the onset of rheumatic disease when res- 
piratory symptoms are present. Fever is fre- 
quently the only’ early objective symptom of rheu- 
matic activity. It is suggested that in such cases 
rheumatic fever may- be present at the onset of 
what appears to be a respiratory infection, al- 
though not easily- detected clinically-, and that the 
quiescent period may- then represent the apparent 


1933-1934 



Chart 4. Monthly Incidence of Rheumatic Recurrences and Res- 
piratory Infections Experienced by 62 Rheumatic Su-bjects at tee New 
York Hospital Conv.alescent Cottages. 
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symptomlcss period, so commonly observed dur- 
ing the course of rheumatic activity (see Protocol 
J. V., Paper II of this series). 

The occui'rence of a crop of nodules, a sharp 
rise of temperature or a pericardial rub, follow- 
ing an apparently symptomless period of a week 
or ten days, is a characteristic train of symptoms 
during the course of rheumatic activity in chil- 
dren, unassociated with respiratory infections. 
Such episodes frequently lead one to attribute er- 
roneously etiological significance to events, or to 
therapeutic or diagnostic measures, just preced- 
ing the appearance of these objective symptoms. 

A consideration of the relation between res- 
piratory infections in the household and the 
occurrence of rheumatic fever is of interest. 
Complete data for analysis were obtained for 79 
rheumatic families comprising 117 rheumatic in- 
dividuals under sixteen years of age, 164 non- 
rheumatic children and 183 adults. The monthly 
incidence of household infections for ten months 
(September to July) was as follows: two or more 
members per month experienced respiratory in- 
fections 193 times, respiratory infections with 
streptococci in the pharyngeal flora 102 times, and 
carried hemolytic streptococci in the throat 106 
times (in apparent good health). During this 
period 50 children experienced 106 rheumatic re- 
currences. These rheumatic episodes did not ap- 
pear directly related to the presence of household 
infections, occurring as frequently in the absence 
of such respiratory infections. It is perhaps of 
some significance that rheumatic subjects experi- 
enced an average of five respiratory attacks com- 
pared with three in the control group for the ten 
month (September to July) period. 

During this investigation a series of 62 rheu- 
matic children who were under daily observation 
at the New York Hospital Convalescent Cottages 
for a period of from two months to one year gave 
an opportunity for a more accurate study of the 
relation of respiratory infections to rheumatic 
fever in children living in close contact. The ma- 
jority of the subjects were convalescing from 
severe rheumatic rccrudesccnscs, many were com- 
pletely at rest in bed, others were ambulatory. 
Non-rheumatic convalescent children were also 
under the same supervision, and no attempt was 
made to isolate the rheumatic child. During the 
period of observations 105 respiratorv- infections, 


of which 53 were accompanied by hemolytic 
streptococci in the pharyngeal flora, were experi- 
enced by the rheumatic children. Six subjects 
sufifered nine rheumatic recurrences ; three of the 
rheumatic episodes were preceded by “strepto- 
coccal ” respiratory infections. Although three 
severe epidemics of respiratory infections asso- 
ciated with a predominance of hemolytic strepto- 
cocci in the pharyngeal flora (October, J\Iarch, 
May) were observed among these susceptible 
rheumatic subjects, there was no appreciable in- 
crease in the incidence of rheumatic activity dur- 
ing this period such as might have been expected 
from the reported epidemics in institutions under 
similar circumstances. 

It is significant that during these various ob- 
servations, although the majority (98 per cent) 
of the rheumatic children experienced one or 
more respiratory infections, only 16 per cent of 
these infections were associated with rheumatic 
activity. About one-half (49 per cent) of the 
children suffered one or more rheumatic recur- 
rences, but only 11.5 per cent of the rheumatic 
episodes were preceded by “ streptococcal ” res- 
piratory infection. 


COMMENT 

This investigation was conducted over a period 
of several years, comprising studies of a large 
group of rheumatic children observed in the 
homes, hospital wards and convalescent cottages. 
These studies are comparable to those reported by 
the majority of investigators with the exception 
that our investigations were limited to children. 

It is evident from the data that our observations 
do not give support to the conception of a specific 
etiological relationship between respiratory infec- 
tions and rheumatic fever. Their association 
would seem almost inevitable because of the ob- 
served frequenc}’^ of respiratory infection in chil- 
dren. It is also possible that the rheumatic chib 
is constitutionally vulnerable to both infections. 
This possibility^ is indicated by the frequency of a 
simultaneous onset of rheumatic activity and res 
piratory infection (following a common exciting 
factor). It is also suggested by the greater sus- 
ceptibility of the rheumatic child to respiratory 
infection compared with that of a non-rhcumatic 
brother or sister. 
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Although it is generally well recognized that 
the organisms isolated from throat cultures do not 
represent an accurate picture of the pharj-ngeal 
flora, merely indicating the fluctuation in the rela- 
tive numbers of the various organisms rather than 
their presence or absence, recent investigations 
tend to ascribe etiological significance to the isola- 
tion of hemoU’tic streptococci from the flora dur- 
ing respiratory infections. Emphasis seems to be 
placed on the relative numbers of colonies of 
hemolytic streptococci present rather than on the 
local signs or symptoms. 

Our observations would tend to minimize the 
diagnostic significance of the presence or absence 
of hemolytic streptococci in the pharjmgeal flora. 
It was found that the relative numbers of these 
organisms in repeated consecutive cultures varied 
from predominance to few or none. The speci- 
ficit}' of “ streptococcal ” respiratory infections 
based solely upon bacteriological criteria does not 
appear convincing in view of the obsen'ed com- 
parable carrier rate of hemolj'tic streptococci in 
the pharyngeal flora of sick and well children. 
The immunological studies reported in the second 
paper of this series, showing a rise in the titre of 
antistreptolysin following respiratory infections 
unassociated with hemol>'tic streptococci in the 
pharyngeal flora is pertinent. 

It is of interest to note in passing that since 
tonsillectomy has become an early routine pro- 
cedure in children, tonsillitis is observed infre- 
quently in the course of rheumatic disease. Re- 
cent investigators tend to substitute in its place 
nasopharjmgitis. 

The etiology of the rheumatic sequelae follow- 
ing scarlet fever is still controversial. Of inter- 
est is the evidence of Paul and Salinger (8) in 
their studies of the relation of rheumatic sequelae 
to scarlet fever that “ like respiratory infections, 
scarlet fever activates the rheumatic process in 
the rheumatic child.” 

Wilson, Lingg and Croxford (9) suggested 
that the common age and seasonal incidence of 
rheumatic fever and scarlet fever may be factors 
influencing their association. In their obseiwa- 
tions, scarlet fever was more frequently followed 
by rheumatic recrudescences within the age period 
of five to nine years. Seventy-five per cent of 
the rheumatic subjects developing scarlet fever at 
other age periods did not have rheumatic sequelae. 


During these obser^-ations (as can be seen in 
Protocol 4 (10)) the occurrence of scarlet fever 
during a severe carditis did not appear to influ- 
ence the course of the latter. 

While it is appredated that the occurrence of 
respiratorj' infections in a rheumatic child ma}' not 
be a fortuitous event, it would seem from our ob- 
servations to bear no more specific etiological re- 
lationship to rheumatic disease than would be at- 
tributed to similar episodes occurring in the tu- 
berculous child. 

SUM MARY 

1. There are presented investigations conducted 
over a period of several years comprising epi- 
demiological, bacteriological and clinical studies of 
a large group of rheumatic children, obseiwed in 
the homes, hospital wards and convalescent cot- 
tages. 

2. Two hundred and twentj*-rivo ambulatory 
rheumatic subjects five to fifteen years of age e.\;- 
perienced 783 respirator)* infections and 401 rheu- 
matic recurrences (for a rivo-year period of ob- 
servation 1930 to 1932). Less than 10 per cent 
of the rheumatic attacks were preceded within 
three weeks by a respiratory infection. 

3. Of a total of 123 rheumatic subjects under 
close observation for twelve months, September 
1933 to September 1934, 98 per cent suffered 649 
respiratory attacks ; of which 353 were associated 
with the presence of hemolj’tic streptococci in 
the throat flora. Eighty-four per cent of the res- 
piratorj’ infections were not associated with rheu- 
matic activity. 

4. Forty-nine per cent of the subjects experi- 
enced 139 rheumatic episodes; a quiescent in- 
terval, subsequent to “ streptococcal ” respirator)* 
infection, preceded 11.5 per cent of the rheumatic 
episodes. 

5. Sixty-two rheumatic subjects w*ere under 
daily observ*ation at the Convalescent Cottages for 
a two to twelve month period. During three epi- 
demics of respiratory infection associated with a 
predominance of hemolj’tic streptococci in the 
pharyngeal flora, there -was no appreciable increase 
of rheumatic activity. 

6. Rheumatic subjects experienced an avera«^e 
of five respiratory attacks compared with an ave^’r- 
age of three for the non-rheumatic children of 
their respective households. 
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7. During the spring of 1934 hemolytic strepto- 
cocci appeared in the pharyngeal flora of the ma- 
jority of the rheumatic and non-rheumatic sub- 
jects. 

8. During this season of its highest incidence, 
hemolytic streptococci predominated in the pha- 
ryngeal flora of 50 per cent of the rheumatic sub- 
jects during health, 40 per cent during respira- 
tory infections, and 10 per cent during rheumatic 
activity, 

CONCLUSIONS 

The evidence presented does not support the 
conception of a specific etiological relationship be- 
tween respiratory infections and rheumatic fever 
in children. 

Our observations would tend to minimize the 
diagnostic significance of the presence or absence 
of hemolytic streptococci in the pharyngeal flora 
during respiratory infections. The designation 
^ streptococcal respiratory infection, based solely 
on bacteriological findings, would not appear to be 
justified, 

BIBLIOGRAPHY 

1. Glover, J, A., Milroy Lectures on the incidence of 

rheumatic diseases. Lancet, 1930, 1, 499. 

2. Schlesinger, B., The relationship of throat infection 

to acute rheumatism in childhood. Arch, Dis. 

Childhood, 1930, 5, 411. 

3. Coburn, A. F., The Factor of Infection in the Rheu- 


matic State. Williams and Wilkins Co., Balti- 
more, 1931, 

4. Collis, W. R. F., The contagious factor in the etiology 

of rheumatic fever. Am. J. Dis. Child., 1932, 44, 
485. 

5. Coburn, A, F., and Pauli, R. H., Studies on the re- 

lationship of streptococcus hemolyticus to the 
rheumatic process. III. Observations on the im- 
munological responses of rheumatic subjects to 
hemolytic streptococcus. J. Exper. Med., 1932, 
56, 651. 

6. Paul, J. R., and Salinger, R., The spread of rheu- 

matic fever through families. J. Clin. Invest., 
1931, 10, 33. 

7. Wheeler, G. W., Wilson, M. G., and Leask, Mar- 

guerite M., The relation- of upper respiratory in- 
fections to rheumatic fever in children. III. The 
seasonal bacteria! flora of the throat in rheumatic 
and non-rheumatic children, J. Clin Invest., 1935, 
14, 345. 

8. Paul, J. R., Salinger, R., and Zuger, B., The relation 

of rheumatic fever to postscarlatinal arthritis and 
postscarlatinal heart disease, A familial study. 
J. Clin. Invest., 1934, 13, 506. 

9. Wilson, M, G., Lingg, C., and Croxford, G., Sta- 

tistical studies bearing on problems in classifica- 
tion of heart disease. III. Heart disease in chil- 
dren. Am. Heart J., 1928, 4, 164. 

10. Wilson, M. G., Wheeler, G. W., and Leask, M. M., 
The relation of upper respiratory infections to 
rheumatic fever in children. II. Antihemolysin 
titres in respiratory infections and their significance 
in rheumatic fever in children. J, Clin. Invest., 
1935, 14, 333. 



THE RELATION OF UPPER RESPIRATORY INFECTIONS 
TO RHEUMATIC FEVER IN CHILDREN 


11. AnTIIIEMOLYSIN TiTRES IN' ReSPIRjVTORY INFECTION'S AND 
Their Significance in Rheumatic Fever in Children ^ 

By M.\Y G. WILSON, GEORGE W. WHEELER, and 
MARGUERITE M. LEASK 

(From the Ncio York Hoskltcit and the Department of Pediatrics, 
Cornell University Afedical College, New York) 

(Received for publication December 1, 1934) 


In the preceding article (1) evidence was pre- 
sented which would not support the conception of 
a specific etiological relationship between respira- 
tory infections and rheumatic fever in children. 
The designation, “ streptococcal ” respiratory in- 
fection, based solely on bacteriological findings, 
was questioned. 

During these obser\-ations as to the relation be- 
tween respiratory infections and rheumatic fever, 
an opportunity presented itself for obtaining in- 
formation as to the immunological response of 
children experiencing respiratory infection and 
rheumatic recurrences. The serological method 
described by Todd (2) in 1932 for titrating anti- 
streptolysin in the blood serum, by which a diag- 
nosis of preceding hemol 3 'tic streptococcal infec- 
tion may be made, was utilized. 

From limited observations of normal individ- 
uals, mainlj' adults and others suffering from 
miscellaneous and streptococcal infections, Todd 
(3) and Cobum and Pauli (4) considered the 
normal range of antistreptolysin in serum to be 
from 5 to 100 units, and values of 200 or more as 
significant of preceding streptococcal infections. 
They also observed the antistreptolj'sin content to 
be consistentlj' high during rheumatic fever and 
considered this as immunological evidence that the 
hemoljTic streptococcus initiates the rheumatic 
process. 

AIj’ers and Keefer (5), however, obtained an 
average in normals of 200 units, with a somewhat 
higher average, 500 units, in rheumatic fever, but 
they did not attribute etiological significance to 
this finding. 

Wilson, Wheeler and Leask (6), in a prelimi- 
. nary report on the antistreptolj’sin content of the 

^ This study was conducted under a special grant from 
the Conunonwealth Fund. 


serum in children, found that this antibodj* ap- 
parently passes through the placenta, being pres- 
ent in new-born infants. An analj'sis of the 
average titres for various age groups indicated a 
definite age correlation, the lowest values being 
obtained in the age period between three months 
and three years. It is of interest that the values 
obtained from sixteen mothers was within the 
normal range reported by Todd (3), but was sig- 
nificantly lower than those obtained for children 
six to sixteen j'ears of age by these obsen'ers. 
The possible significance of this difference will be 
considered later. 

Early in our studies it was apparent that single 
determinations of antistreptolysin were of little 
value because of the wde normal range and fre- 
quent presence of elevated titres for prolonged 
periods of a year or more. It was, therefore, 
considered advisable to obtain serial specimens at 
regular frequent intervals during the entire period 
of the obser\’ations. By this procedure it was 
possible to correlate the clinical course wath the 
bacteriological and immunological findings of a 
representative series of subjects. 


SUBJECTS AND METHOD 

Todd’s method for determining antistreptolvsin in thi 
blood serum was followed. The test is bas'ed on the 
presence m the blood serum of an agent which is capa- 
ble of combining with, and neutralizing, the hemolvsin in 

hemolytic streptococcus. 

Todd (2) prescribed the following standard units : 

Red blood «lls (rabbit)-0.5 cc. of a 5 per cent sus- 
pension of washed cells - Re t _u:, 

Antigen-Streptolysin-.Minimum hemolj-tic dose (M H 
D.). Smallest quanhty of streptolysin filtrate that 
\wU completely hemolyze one unit of rabbit cells in 

and is expressed in cc. ■' 
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Antibody-Antistreptolysin-Neutralizing dose (N. D.). 

Smallest quantity of patient's serum, inactivated 15 
minutes at 55“ C., that will combine with and com- 
pletely neutralize 2.5 units of streptolysin in 15 min- 
utes at 37° C. This is determined by titration and is 
expressed in ordinary or decimal fractions of a cc. 
or in Todd units (3), which are the reciprocals of 
the decimal fractions and indicate the number of 
neutralizing doses in 1 cc. of serum. 

The methods for the preparation of these reagents are 
given in detail in the appendix. 

By adding diminishing quantities of serum to tubes 
containing 2.5 units of streptolysin, allowing 15 minutes 
at 37° C. for neutralization to take place, then adding 
one unit of red blood cells to each tube and incubating 
for one hour, the smallest amount of serum that would 
completely inhibit hemolysis was determined. This was 
recorded as the titre of the serum. 

Adequate data for analysis was obtained for 
eighty rheumatic subjects who were under close 
observation for a period of from twelve to 
eighteen months. From serial antistreptolysin de- 
terminations, the basal level was obtained for each 
child. The lowest titre during the* period of ob- 
servation, which was maintained in apparent 
health, was selected as the basal level. In the 
majority of instances, periods of two to six months 
free from symptoms of infection preceded this 
value. The rise of titre above the basal level or 
above the level maintained during apparent health 
before the occurrence of respiratory infection or 
rheumatic activity was calculated. 

A respiratory infection was considered a 
“ streptococcal ” infection if hemolytic strepto- 
cocci were present in the pharyngeal flora during 
the respiratory infection, in contra-distinction to 
respiratory infections unassociated with hemolytic 
streptococci in the flora of the throat. Respira- 
tory infections were graded as mild or severe 
based on local and constitutional symptoms. 

The following were considered as rheumatic 
recrudescences: joint pains, purpura, arthritis, 
nodules, chorea and carditis, 

OBSERVATIONS 

In view of the observed frequency of respira- 
tory infection and the high seasonal carrier rate 
of hemolytic streptococci in the pharyngeal flora 
of these children, it was obviously impossible to 
obtain antistreptolysin determinations in children 
free from either during the entire period of the 


observations. In this study the basal values ob- 
tained for 80 rheumatic subjects during apparent 
health showed a range of from 25 to 715 units 
with an average of 135 units. This is somewhat 
lower than that observed in our preliminary study 
(6). The opportunity for special selection of 
subjects and the longer period of observation 
probably accounts for this difference. The anti- 
streptolysin titre remained remarkably constant at 
various levels during periods when the subjects 
were free from respiratory infection. It is pos- 
sible that the high basal levels which were main- 
tained by apparently healthy children may repre- 
sent chronic unrecognized infection or some in- 
fection occurring previous to our observation, as 
it was obviously impossible to eliminate subjects 
who had had respiratory infection the previous 
year. It would seem reasonable to consider these 
observations on tbe antistreptolysin content of the 
serum as representative for inactive rheumatic 
children, six to sixteen years old, in apparent 
health, although possibly not comparable to normal 
values given for adults. 

A comparison of the range of antistreptolysin 
titre, the average titre and the rise observed dur- 
ing apparent health and infection is of interest. 
There was no significant difference in the range 
of antistreptolysin titre observed in subjects dur- 
ing health and during respiratoiy and rheuntaftc 
infections. There was no appreciable difference 
in the average titre of antistreptolysin obtained 
for subjects during respiratory infections not as- 
sociated with hemolytic streptococci and similar 


infections associated with hemolytic streptococci 
in the pharyngeal flora. 

Following respiratory infections irrespective of 
the bacteriological findings, a rise in titre was con- 
sistently although not invariably observed. The 
average rise and the percentage showing rise m 
titre was slightly higher following respiratory in- 
fections not associated with hemolytic streptococci 
in the pharyngeal flora, than following similar in 
fections thus associated. The contrary might 
have been expected. Greater increments and 
higher percentage of subjects exhibiting a rise m 
titre were observed following severe respirator; 
and “ streptococcal ” infections than mild ones. 
The degree of rise was not always directly relate^ 
to the severity of the respiratory infection or to 
the bacteriological findings. There was corisidt!" 
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TABLE I 


Ar.listreplPlystn Hires in respiratory injections, their significance in rheumatic fever in children 





Respiratory infection 

"Streptococcal ” respiratory 
t infection 
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Not assodated vdth 
respfratory infection 
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values 
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Hcnsolytic 

streptococcus 

Nega- 

tive 




Mild 
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Severe i 
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throat 












throat 
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culture 

tcre 
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A* 

B 

B 
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.A 
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30 

17 

10 

6 

45 

22 

57 

20 

39 

11 

11 

Antistreptolysin 

1 Range 

25 1 

IBI 

25 

71 

200 

33 

50 

50 

25 j 

50 

62 

55 

715 I 


250 

500 

1000 

830 

333 

620 

1600 

333 

830 

333 

Units per cc. 

Average 

135 ! 

244 

130 

254 

366 

171 

175 

198 

415 

165 

262 

163 

Cases irith rise above 
basal level 

Number j 


19 

8 

7 

4 

19 

7 

29 

16 

19 

4 

4 

Per cent 


63 

47 

70 

67 

42 

32 

51 

SO 

49 

36 

36 


Range 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Rise in units per cc. 


300 

130 

360 

900 

133 

100 

300 

1250 

200 

200 

200 


Average 


85 

55 

152 

210 

45 

49 

97 

212 

58 

140 

65 


* 1 = inactive rheumatic. 
A = active rheumatic. 


able individual variation in the degree of se- 
rological response to what appeared to be a com- 
nton source of hemoMic streptococcal infection. 

It is of passing interest that about 50 per cent 
of the subjects carrA'ing hemolytic streptococci in 
the throat during apparent health exhibited a slight 
rise in antistreptolysin titre. 

The low average antistreptolysin titres observed 
by us (in preliminary studies) in average normal 
infants and children under the age of five years 
and by Todd (3), Coburn and Pauli (4) in adults 
may be related to the relative infrequency of res- 
piratory infections at these age levels compared 
with the observed high incidence of respiratory 
infections in children five to sixteen years of age. 

Following respiratory infections, the anti- 
streptolysin curve was characterized by a step- 
like elevation within one to three weeks of the 
onset, rising to a peak and falling either by lysis 
Avithin one to tivo months or remaining plateau- 
like at intermediate levels for longer periods, 
showing successwe peaks following repeated res- 
pirator}' infections. 


The findings in rheumatic subjects during inj 
tive periods and during respiratory' infection mi 
be considered in evaluating the significance of t 


antistreptolysin content of the serum during rheu- 
matic activity. 

Two-thirds of the subjects e.xperiencing rheu- 
matic recrudescences, unassodated with respira- 
tory' infections, did not show a rise of antistrepto- 
lysin titre. The average values obtained during 
rheumatic activity assodated with respiratory’ in- 
fection and “ streptococcal ” respiratory' infection 
were significantly elevated, but are comparable to 
A'alues obtained in inactive rheumatic subjects dur- 
ing similar infections. The slightly higher aver- 
age A'alues, which obtained in the group of ac- 
tive rheumatic subjects who experienced severe 
“streptococcal” respiratory infection, were influ- 
enced by the occurrence in Aa-c subjects of e.x- 
tremely high antistreptolysin A'alues during inter- 
current seA'ere streptococcal infection (see proto- 
col of Case 4, C. V.). 

The^ rise and leA'el of antistreptolysin in serum 
folloAvmg respiratory' infections seemed closely re- 
lated to the e.xtent of the constitutional and local 
symptoms assodated AV'ith the respiratory infec- 
tion, irrespective of the presence of hemolytic 
streptocoed in the flora of the throat. 

The antistreptolysin curves obsen'ed in subjects 
who developed respiratory infections either simul- 
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taneously with, or during, rheumatic activity were 
similar to those described in subjects experiencing 
respiratory infections alone and bore no relation 
to the clinical course of rheumatic activity. 

Antistreptolysin curves observed during rheu- 
matic activity either maintained the same level 
noted before the onset of rheumatic activity or 
assumed the trend of curves observed during res- 
piratory infections. A sharp rise of titre at the 
onset of rheumatic activity, unaccompanied by res- 
piratory infection, which has been described by 
Coburn and Pauli, was not obtained. High titres 
during rheumatic activity were observed in sub- 
jects who experienced simultaneously rheumatic 
activity and respiratory infection. Other sub- 
jects maintained a high antistreptolysin level dur- 
ing rheumatic activity which had been present 
previously for a period of months. A rise of 
titre was frequently noted during the course of 
rheumatic activity, following intercurrent res- 
piratory infection, indicating the ability of the 
subject to react to streptococcal infection. 


matic fever may be more clearly seen in the fol- 
lowing protocols of representative cases. 

PROTOCOLS 

Case 1, E. Me. Girl, six years of age, suffered from 
first attack of rheumatic infection (chorea) March 
1933, from which she made an uneventful recovery in 
June. During the year of observation 1933-1934 she did 
not exhibit any evidence of rheumatic activity, although 
experiencing nine respiratory infections associated with 
the predominance of hemolytic streptococci in the flora 
of the throat on four occasions. She also exhibited, in 
December, a significant rise of antistreptolysin in the 
serum to 500 units, following a respiratory infection. 
This case illustrates the presence of “ hemolytic strep- 
tococcal” infection in a susceptible rheumatic subject, 
unaccompanied by rheumatic activity. 

Case 2, V. B. Girl, six years of age, had her first 
attack of rheumatic infection (arthritis) in May 1933, 
followed by an attack of chorea in June, lasting si.x 
weeks. In July, 1933, tonsillectomy was performed, and 
the child remained free from rheumatic activity until 
June 2, 1934, at which time she had a second attack of 
chorea. In October and November, 1933, she experienced 
two severe respiratory infections (unassociated with 
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Ch.\rt I. D.\ta o.v Case 1, E. Me. 

hemolytic streptococci in the pharyngeal flora) 
were followed by a significant rise of antistrepto 
titre, 615 units; and in February and March, 19 , *>• 
respiratory infections (with hemolytic streptoc^c 
the throat) which were followed by^ a co.mparni . t ^ 
crease in antistreptolysin. Kheumatic 
follow any of the respiratory infections. ‘ 
which occurred in June 1934 was preceded h 


There did not appear to be any relation between 
the type of rheumatic activity and the antistrepto- 
lysin' level. Low and high titres were observed 
in subjects during the last weeks of a fatal rheu- 
matic carditis. 

The relation between antistreptolysin content in 
the ccrum during respiratory infections and rheu- 
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months of good health and was not accompanied by a 
significant rise in antistreptolysin titre. This case il- 
lustrates the rise of antistreptolysin in serum following 
a respiratory infection (non-streptococcal). 

Case 3, T. L. Boy, ten years of age, had his onset 
of rheumatic disease (severe chorea) in September, 1932, 
from which he recovered in November, 1932. He had 
recurrent mild attacks of chorea in the summers of 
1933 and 1934, of three weeks duration. In September, 
1933, he was well and free from respiratory or rheu- 
matic activity. At this time determination of the anti- 
streptolysin content of the serum revealed a titre of 


a recurrence (rheumatic arthritis and carditis). He re- 
mained at Convalescent Cottages from March 31, 1933, 
until September, 1933, when he returned to the clinic. 

In the fall of 1933 hemolytic streptococci were absent 
from the pharyngeal flora. He suffered repeated respira- 
tory infections coincident with joint pains. In the first 
week of December there occurred simultaneous symptoms 
of a respiratory infection and rheumatic fever character- 
ized by joint pains, arthritis and carditis. He was ad- 
mitted to the pavilion of the New York Hospital and 
while there, on February 18, developed scarlet fever dur- 
ing the height of a severe carditis accompanied by con- 
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Chart 4. Data on Case 4, C. V. 


1,000 units; repeated examinations during the year gave 
values between 830 and 1,000 units. HemobU;ic strep- 
tococci were not recovered from the pharyngeal flora 
until May, 1934. The occurrence of a sinusitis, follow- 
ing a respiratorj' infection, did not appear to influence 
the antistreptolysin titre. This case illustrates the per- 
sistent presence of high titre for a period of one year 
in a child during health, respiratory infection and rheu- 
matic activity. 

Case 4, C. V. Boy, six and a half years of age, had 
his onset of rheumatic activity (arthritis and chorea) 
at the age of three years. In March, 1933, he suffered 


gestive failure. He was removed to Willard Parker 
Hospital for a six week period and returned to t e 
New York Hospital, April 6. At that time there was 
still evidence of congestive cardiac failure and^ no u e - 
Of particular interest is the antistreptolysin 
during this period. It can be seen in the accompany in^ 
graph, Chart 4, that the onset of rheumatic fcycr 
December was not accompanied by a rise in antis rc^^ 
tolysin titre, while the occurrence of scarlet fever i 
February w'as followed by a significant rise in ti 
Case 5, J. V. Boy of fifteen years, who has w ^ 
under our observation since he was eight years o. , 
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note that two-thirds of the total respirator}- in- 
fections experienced by these 80 subjects were 
unassociated with rheumatic activity. Of the re- 
maining third, two-thirds occurred either simul- 
taneously with, or during, the rheumatic episode. 

The wide normal range of antistreptolysin titre, 
the indi^'idual variation in response to streptococ- 
cal infection, the frequency' of respiratory- infec- 
tions obscr\-ed in these subjects, as well as the 
high carrier rate of hemoly-tic streptococci, make 
it difficult to e\-aluate their possible significance 
and relation to rheumatic fever. However, it 
would appear to be reasonable to state that our 
data do not indicate that the presence of hemoly-tic 
streptococci in the phary-ngeal flora or that the 
presence in high titre of antistreptolysin in the 
serum is necessarily conclusive eHdence of a 
streptococcal respiratory- infection. 

However, if we accept the criteria mentioned 
as bacteriological and immunological evidence of 
“ streptococcal ” respiratory infection, it is appar- 
ent from our observations that “ streptococcal ” 
respiratory- infection did not, in the majority of 
cases, activate the rheumatic process and that a 
rise of antistreptolysin was not a constant accom- 
paniment of rheumatic activity. Its presence ap- 
peared to be more frequently related to the co- 
incidental occurrence of a respiratory infection. 

Our observations being limited to children may 
not be entirely comparable to other investigations 
including adults. It may also be possible that the 
reaction to streptococcal infection in adults, like 
that to rheumatic fever, may be different from 
that in children. 


SUMMARY 


1. There is presented a correlation of the clin- 
ical course with the bacteriological and immuno- 
logical observations in 80 rheumatic subjects ob- 
served over a period of twelve to eighteen months. 

2. The antistreptolysin titre for rheumatic 
subjects during apparent health gave a basal av- 
erage of 135 units with a range of 25 to 715 units. 

3. There was no significant difference in the 


range of antistreptolysin titre observed for sub- 
jects during apparent health and during respira- 
tory and rheumatic infection. 

4. A comparison of the antistreptolysin titres 
of inactive rheumatic subjects during respiratory 
and " streptococcal ” respiratory infections 


showed a higher average titre and greater rise in 
titre for subjects experiencing respiratory infec- 
tion unassociated with hemolytic streptococci in 
the phary-ngeal flora. 

5. Two-thirds of the subjects experiencing 
rheumatic activity unassociated with respiratory 
infections did not exhibit a rise in antistreptolysin 
titre. 

6. The antistreptolysin titre of active rheumatic 
subjects experiendng respiratory and “ streptococ- 
cal ” respiratory infections was similar to that ob- 
serv-ed for inactive rheumtaic subjects experienc- 
ing these infections. 

7. Following respiratory infections the anti- 
streptolysin curv-e was characterized by a step-like 
eleA-ation within one to three weeks of the onset, 
rising to a peak and falling by lysis within one or 
two months or remaining plateau-like at inter- 
mediate levels for longer periods, showing suc- 
cessive peaks following repeated respiratory in- 
fections. 

8. The rise of the level of antistreptolysin in 
the serum follou-ing respiratory- infections seemed 
directly related to the extent of the local and con- 
stitutional symptoms irrespective of the presence 
of hemoly-tic streptococci in the pharyngeal flora. 

9. The antistreptolysin cur\-es observed in sub- 
jects rvho developed respiratory infection simul- 
taneously w-ith, or during, rheumatic activity were 
similar to those described in subjects experiencing 
respiratory infections alone and bore no relation 
to the clinical course of rheumatic activity. 

CONCLUSION 

1. These observations do not support the as- 
sumption that a rise in the antistreptolysin titre 
of the serum is conclusive evidence of streptococ- 
cal respiratory infection. 

2. A rise in the antistreptolysin titre is not a 
necessary accompaniment of rheumatic fe\-er in 
children. 

APPENDIX 

Todd stated in his original article (2) that a seruin 
of known antistreptolysin titre was necessary as a con- 
trol of the antigen-antibody reaction upon which this 
test is based. Hodge and Swift (7) proved experi- 
mentally that the minimtun hemolytic dose is not a reli- 
able unit for standardizing the streptolysin which is used 
as antigen. They demonstrated that under different 
conditions of age, oxidation, reduction and temperature 
a single streptolysin filtrate would show wide variations 
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COMMENT 

At the outset, it was arbitrarily assumed first, 
that respiratory infections associated with the 
presence of hemolytic streptococci in the flora of 
the throat were to be designated as “ streptococ- 
cal ” infections, and second, that a rise in the anti- 
streptolysin titre of the serum was immunological 
evidence of a previous streptococcal infection. 
These criteria, we believe, are in accord with the 
statements of other observers in similar investi- 
gations. 

The antistreptol^'sin content of the serum fol- 
lowing such infections as scarlet fever, erysipelas 
and severe streptococcal respiratory infections as- 
sociated with local and constitutional symptoms 
has been found to be significantly increased by all 
observers. 

Of particular interest is the rise in titre in two- 
thirds of subjects following upper respiratoiy* in- 
fections unassociated with hemohdic streptococci 


in the pharyngeal flora. One must assume either 
that hemolytic streptococci were present although 
not found on examination of repeated throat cul- 
tures, or that the antistreptolysin content of the 
serum is not strictly type specific as Todd (3) be- 
lieves, and that possibly partially hemolytic strep- 
tococci (alpha prime) predominant in the pharyn- 
geal flora may play a role. Again, a rise in titre 
may be due to non-specific stimulation of this 
antibody during infection. 

Irrespective of the significance of these find- 
ings, it is evident from our data that the anti- 
streptolysin content of the serum during rheu- 
matic activity appears to be related to the asso- 
ciated respiratory infection rather than to the 
rheumatic process. This view would seem to be 
supported by the low titres observed (in the nec- 
essarily limited number of observations) in sub- 
jects experiencing rheumatic activity unassociatcf^ 
with respiratory infection. It is also v.'ortb\ ot 
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note that two-thirds of the total respiratory in- 
fections experienced by these SO subjects were 
unassociated with rheumatic activity. Of the re- 
maining third, two-thirds occurred cither simul- 
taneously with, or during, the rheumatic episode. 

The wide normal range of antistreptolysin titre, 
the individual variation in response to streptococ- 
cal infection, the frequenc}' of respirator}’ infec- 
tions obsciY-ed in these subjects, as well as the 
high carrier rate of hemol}'tic streptococci, make 
it difficult to evaluate their possible significance 
and relation to rheumatic fever. However, it 
would appear to be reasonable to state that our 
data do not indicate that the presence of hemoI}’tic 
streptococci in the phar}'ngeal flora or that the 
presence in high titre of antistreptolysin in the 
serum is necessarily conclusive evidence of a 
streptococcal respiratory infection. 

However, if we accept the criteria mentioned 
as bacteriological and immunological evidence of 
" streptococcal ” respirator}’ infection, it is appar- 
ent from our obsen-ations that “ streptococcal ” 
respirator}’ infection did not, in the majority of 
cases, activate the rheumatic process and that a 
rise of antistreptolysin was not a constant accom- 
paniment of rheumatic actiHty. Its presence ap- 
peared to be more frequently related to the co- 
incidental occurrence of a respiratory infection. 

Our observations being limited to children may 
not be entirely comparable to other investigations 
including adults. It may also be possible that the 
reaction to streptococcal infection in adults, like 
that to rheumatic fever, may be different from 
that in children. 


SUMMARY 

1. There is presented a correlation of the clin- 
ical course with the bacteriological and immuno- 
logical obsen-ations in 80 rheumatic subjects ob- 
served over a period of twelve to eighteen months. 

2. The antistreptolysin titre for rheumatic 
subjects during apparent health gave a basal av- 
erage of 135 units with a range of 25 to 715 units. 

3. There was no significant difference in the 
range of antistreptolysin titre obsen-ed for sub- 
jects during apparent health and during respira- 
tory and rheumatic infection. 

4- A comparison of the antistreptolysin titres 
of inactive rheumatic subjects during respirator}’ 
and “ streptococcal ” respiratory infections 


showed a higher average titre and greater rise in 
titre for subjects experiencing respiratory infec- 
tion unassociated with hemol}'tic streptococci in 
the pharyngeal flora. 

5. Two-thirds of the subjects experiencing 
rheumatic activity unassociated with respiratory 
infections did not exhibit a rise in antistreptolysin 
titre. 

6. The antistreptolysin titre of actir-e rheumatic 
subjects experiencing respiratory and “ streptococ- 
cal ” respirator}’ infections was similar to that ob- 
served for inactive rheumtaic subjects experienc- 
ing these infections. 

7 . Following respiratory infections the anti- 
streptolysin curve was characterized by a step-like 
elevation within one to three weeks of the onset, 
rising to a peak and falling by lysis w-ithin one or 
two months or remaining plateau-like at inter- 
mediate levels for longer periods, showing suc- 
cessive peaks following repeated respiratory’ in- 
fections. 

S. The rise of the level of antistreptolysin in 
the serum follow’ing respiratory’ infections seemed 
directly related to the extent of the local and con- 
stitutional symptoms irrespective of the presence 
of hemolytic streptococci in the pharyngeal flora. 

9. The antistreptolysin curv’es obseiwed in sub- 
jects who developed respiratory’ infection simul- 
taneously with, or during, rheumatic actmty were 
similar to those described in subjects experiendng 
respiratory infections alone and bore no relation 
to the clinical course of rheumatic activity’. 


COXCLUSION- 

1. These obsen’ations do not support the as- 
sumption that a rise in the antistreptolysin titre 
of the serum is conclusive evidence of streptococ- 
cal respiratory' infection. 

2. A rise in the antistreptolysin titre is not a 
necessary’ accompaniment of rheumatic fever in 
children. 


Todd stated In his original article (2) that a serum 
of known antistreptolysin titre was necessary as a con- 
trol of the antigen-anribody reaction upon which this 
test ,s based. Hodge and Swift (7) proved experi- 
inwtally that the mmimum hemolyuc dose is not a reli- 
able unit for stodardiaing the streptolysin which is u^ed 
as Mtigen. The>- demonstrated that under differoit 
condiuons of age, oxidation, reduction and temperature 
a single streptolysin filtrate would show wide variations 



342 


MAY G. WILSON, GEORGE W. WHEELER AND MARGUERITE M. LEASK 


in the minimum hemolytic dose, yet in all instances, prac- 
tically the same quantity of serum was required to effect 
complete inhibition of hemolysis. It was evident that 
under these conditions there were components in the 
streptolysin that would combine with antistreptolysin 
although they were not, themselves, hemolytic (partially 
oxidized streptolysin?). For this reason Hodge and 
Swift recommended that the combining power, which is 
stable, and not the hemolytic activity, which is variable, 
be used as the criterion in the standardization of strep- 
tolysin. This would necessitate the adoption of a stand- 
ard serum of known antistreptolysin content against 
which all new lots of streptolysin could be titrated, and 
their combining doses determined. Todd has already 
made this practicable by his preparation of horse serum 
globulin, of high antistreptolysin titre, which is remark- 
ably stable. 

It appears that the factors involved in lysin-antilysin 
reactions are analogous to those concerned in toxin- 
antitoxin neutralization. In the latter instance no ac- 
curate standardization was possible until the neutralizing 
dose was replaced by the combining dose, and a standard 
serum of known antitoxin content was adopted. 

Preparation of Reagents 
Rabbit red blood cells: 

On the afternoon before the tests were to be made, 
blood was withdrawn from the rabbit’s heart, placed in 
a sterile tube, defibrinated by stirring with wooden ap- 
plicators and stored in refrigerator over night. Next 
morning the cells were washed six times with sterile 0.9 
per cent sodium chloride solution. In the final washing 
they were centrifugalized 15 minutes at 1500 R.P.M. ; 
they were then diluted to make a 5 per cent suspension. 

Streptolysin filtrate: 

The broth in which the streptococci were cultivated 
was prepared by a modification of the method described 
by Todd and Hewitt (8). Fresh, finely minced beef 
hearts, trimmed free of fat, were used instead of horse 
flesh; these were received from the abattoir the same 
day the animals were killed. Two liters of distilled 
water were added to each kilo of meat in an enamehvare 
kettle, the mixture was well stirred and placed in re- 
frigerator over night. Fat particles, if present, were 
skimmed from the surface, and the mixture was heated 
slowly over a free flame until the temperature reached 
80° C, where it was kept for 30 minutes. The contents 
of the kettle were stirred constantly during the heating 
process. 

The fluid was then strained through coarse wire gauze, 
filtered through Prat-Dumas number 45 filter paper and 
collected in a tall glass cylinder. Part of the residua! 
fluid was removed from the meat by gentle pressure. 
The temperature of the infusion after filtration was about 
50° C. The following ingredients were added : proteose- 
peptone, “ Difeo,” 20 grams per liter, sprinkled on sur- 
face and allowed to dissoh-e; de.xtrose, sodium chloride, 
and sodium bicarbonate, 2 grams of each per liter; dibasic 


sodium phosphate (12 H,0), 1 gram per liter. When 
these were dissolved, reaction was adjusted to pH 8.0 
with 10 per cent sodium hydroxide solution. Medium 
was well stirred and placed in refrigerator over night. 

A heavy amorphous sediment had formed, leaving a 
fairly clear supernatant fluid which was removed \vith a 
siphon and filtered through Whatman number 12 filter 
paper. Medium was sterilized by filtration through a 
battery of six Chamberland F bougies, using a water 
vacuum pump. The finished product was collected, in 
1500 cc. lots, in two-liter flasks closed with two-hole 
rubber stoppers provided with two right angle glass 
tubes. The tube to which the suction was applied was 
filled with non-absorbent cotton to prevent air con- 
tamination; the other was covered with a small test 
tube when not in use. When filtration was completed, 
flasks were placed in incubator for two days as a sterility 
test. 

Each 1500 cc. lot was inoculated with 2.5 cc. of an 
8-hour culture of hemolytic streptococcus - in 0.3 per 
cent dextrose hormone broth. The inoculation was made 
through the open tube in the stopper of the flask while 
gentle suction was being applied to the other tube. After 
16 hours incubation flasks were placed in ice water to 
check growth and culture was filtered through six Cham- 
berland F bougies. The first 300 cc. of filtrate were 
discarded because of the low streptolysin content (8) ; 
the remainder was collected in 1500 cc. lots by the same 
procedure that was used with the broth filtrate. The 
open tube in the stopper was sealed off in a Bunsen flame, 
the other tube was connected with a water pump, and 
strong suction was applied for 2^ hours, the flasks being 
immersed in a water bath at 30° C. Bubbling was vig- 
orous at first, but gradually diminished and finally 
ceased. Vacuum was released, 1.5 gram of sodium hy- 
drosulphite (Baker) and 15 cc. of N/1 sodium hydroxide 
were added to each 1500 cc., and suction was again 
applied for 30 minutes. The reduced filtrate was then 
distributed in 50 cc. Florence flasks, sealed with a 4 
cm. layer of sterile vaseline containing 12 per cent 
paraffin, and stored in refrigerator. 

.A.fter three weeks the reaction of this filtrate was 
pH 7.3; the minimum hemolytic dose was O.OS cc. (kept 
at 0° C., this show'ed no change in ten months). 

A ntistreptolysin serum: 

Patient’s blood was withdrawn with a dry sterile 
needle and syringe, placed in a sterile tube and allow e 
to clot. Tube was centrifugalized, serum was remove^ 
with a pipette and transferred to another tube which was 
then closed with a sterile paraffined cork and store 
in refrigerator. Before testing the serum the tubes were 
placed in a water bath at 55° C. for 15 minutes to m 
activate any natural hemolysin that might be 
Repeated determinations made with the same scru.. 


= We used strain WPRL which we obtained through 
the kindness of Dr. Hodge of the Rockefeller Insti u... 
This stock culture was kept in blood broth. 
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In the preceding articles of this series the sig- 
nificance of hemol}’tic streptococci in the pharj'n- 
geal flora of rheumatic subjects has been dis- 
cussed. In this paper a more detailed analysis 
of the bacterial flora of the throat in rheumatic 
and non-rheumatic children is presented. 

Many investigators have studied the bacterial 
flora of the throat under various conditions of 
health and disease. Bloomfield (1) concluded 
from his results with six healthy individuals and 
a few others that a true picture of the normal 
phar^mgeal flora is obtained only by making re- 
peated cultures from the same individual. This 
procedure has been generally followed by most 
of the other workers in this field. Shibley, 
Hanger, and Dochez (2) made frequent cultures 
from thirteen individuals over a period of nine 
months. McCartney (3) reported the results of 
numerous routine throat examinations of healthy 
children. Fox and Stone (4), Meleney (5), 
Helmholz (6), and Bourn, Carpenter and Mc- 
Comb (7) were primarily interested in the oc- 
currence of hemolytic streptococci in the throat. 

These researches and many others establish the 
fact that there is a basic flora of the throat which 
remains fairly constant for each individual and 
contains non-hemol 3 Tic streptococci, gram-nega- 
tive cocci of the catarrhalis, pharyiigis siccus, or 
chromogenic types. Staphylococcus albus, or diph- 
theroids in various combinations. Hemolytic 
streptococci, pneumococci. Staphylococcus aureus, 
hemoglobinophilic organisms of the influenza or 

X ’ types, Friedlaender’s bacillus and others are 
frequentlj' present as transient invaders. 

Cobum (8) included an extensive survey of 
the situation with respect to throat cultures in his 
studies on rheumatic fever. He believed that the 
frequency of transient upper respiratory' infection 


with hemolytic streptococcus is the environmental 
factor of importance in the genesis of the rheu- 
matic state. 

Weinstein and StyTon (9) studied throat cul- 
tures from 148 rheumatic patients and 173 per- 
sons who were normal or had diseases other than 
rheumatic fever. They reported approximately 
the same percentage of cultures positive for hemo- 
lytic streptococci in the two groups and found 
that “ throat cultures of patients wdth rheumatic 
fever taken during an infection of the upper 
respiratory tract showed no greater incidence of 
hemolytic streptococci than those from other 
persons who were suflrering from a cold or from 
a sore throat.” The majority of their rheumatic 
patients who had exacerbations showed hemolytic 
streptococci in their throat cultures; they beh’e\*e 
that this fact suggests a possible relationship be- 
tween this organism and the reappearance of 
symptoms. 

The growing tendency to regard the hemolytic 
streptococcus as an important, or even an essen- 
tial, factor in the etiology of rheumatic fever led 
us to undertake the present investigation. The 
subjects were children and a few adolescents, 
rheumatic and non-rheumatic; no adults were in- 
cluded. The two principal objectives were: (a) 
to see if there is a significant difference betw'een 
the incidence of hemolytic streptococcal invasion 
of the throat in rheumatic and in non-rheumatic 
children, and (b) to obtain information as to the 
relationship of such invasion to upper respiratory 
infection and to rheumatic activity. The fre- 
quency and time of appearance of other transient 
invaders were also noted. 

The children under obseiwation vtere seen in the 
parilions and clinics of New York Hospital, at 
Convalescent Cottages, in school, or at their homes 
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from 109 non-rheumatic subjects. The percent- 
age incidences, by months, of various org;anisms, 
are presented in Charts 1 and 2. In most indi- 
viduals the basic flora of the throat was remark- 
ably constant; transient invaders appeared fre- 
quently, but when they departed there was a rapid 
reversion to the original flora. The percentage 


infected persons. Many of the positive cultures 
in both the rheumatic and control subjects came 
from children who presented no symptoms of 
hemolytic streptococcus infection and were appar- 
ently healthy. Throat cultures were recorded as 
positive when hemol}'tic streptococci vrere present, 
regardless of the number of colonies. It was 



Chart 1. SEASo^■AL Pharvngeai, Flora ix Rhechatic Subjects.* 


of cultures positive for hemolytic streptococci 
shows a striking parallelism in the two groups. 
The increased prevalence of these organisms in 
the throat during the winter and spring months, 
in this locality, has been noted by many observers, 
but there has been too little emphasis on the fact 
that this increase shows in carriers as well as in 


* Alpha and gamma streptococci, gram-negative coed 
and other organisms normally present in the pharyngeal 
flora showed no significant seasonal variations in their 
madence. The curves for the hemoglobinophilic and 
Friedlaender bacilli remained below the 20 per cent line 
throughout the year. 


found that the relative quantities of these organ- 
isms in repeated consecutive cultures varied from 
predominance to few or none. This was true for 
healthy carriers as weU as for children with upper 
respiratory infections or with rheumatic activitj-. 
It seems e\-ident, therefore, that etiologic sig- 
nificance can be attributed to an organism in the 
flora of the throat only when its occurrence in 
culture is associated with characteristic local signs 
and sjauptoms. Bacteriological e\'idence alone 
does not appear to be sufficient, since the findings 
in these cultures could not be correlated with the 
presence or severity of the local signs and sjanpH 
toms. This point has been discussed in its rela- 
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tionship to rheumatic activity in the first paper 
of this series. 

Other organisms, Staphylococcus aureus and 
pneumococcus in particular, show a seasonal vari- 
ation similar to that of the hemolytic streptococ- 
cus. In the routine diagnostic work of this and 
other laboratories it has been found that in recent 


dren with and without clinical evidence of upper 
respiratory infection is presented in Chart 3. 
Two representative months, March and Novem- 
ber, have been selected. Here it is shown that 
there is no significant difference in the incidence 
of hemolytic streptococci in throat cultures from 
the two groups; other months showed similar 



Chart 2. Seasonal Pharyngeal Flora in Control Subjects, 


years Staphylococcus aureus infections, occurring 
primarily or as complications of upper respiratory 
disease, were unusually prevalent during No- 
vember and December. Pneumococcus lobar 
pneumonia shows its greatest incidence during the 
winter and early spring months. The periods of 
maximum frequency of these organisms in the 
throat coincide w'ith the seasons in which they 
show their greatest clinical activity, yet none of 
these children with positive cultures had a detect- 
able staphylococcus infection, and there was not 
a case of pneumococcus pneumonia in either 
group. 

A comparison of the flora of the throat of chil- 


percentages. There is no indication in these find- 
ings that upper respiratory infections are neces- 
sarily associated with any specific organism or 
group of organisms. 

SUMMARY AND CONCLUSIONS 

1. The data presented are based on a twelve- 
month study of 4867 throat cultures from 123 
rheumatic children and 1231 cultures from 109 
non-rheumatic children. 

2. In addition to the basic flora of the throat, 
which is relatively constant for each individual, 
transient invaders are frequently found and ten'' 
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to show their maximum incidence at well-defined 
seasons of the year. 

3. The seasonal incidence of various organisms 
in the pharj-ngeal flora must be considered in 
evaluating their possible etiological significance. 

4. A comparison of throat cultures from rheu- 
matic and non-rheumatic children shows no sig- 
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In this paper data on the range of variation of 
non-hemoglobin iron in human blood will be pre- 
sented. The significance of these variations in 
relation to (a) the calculation of hemoglobin, or 
ox}’gen capacity from the determinations of total 
blood iron, and reciprocally, (b) the deduction of 
values for total blood iron from determinations of 
hemoglobin or ox}'gen capacity, will be considered. 

Because of the difficulties inherent in the direct 
determination of hemoglobin there has been a 
widespread interest in the indirect methods of ap- 
proach. Of these the ox}'gen capacity is the most 
accurate, but there has been an idea in the minds 
of many that it is a formidable procedure and, as 
an alternative, there has been a growing tendency 
to arrive at values for hemoglobin by measure- 


(11), Lintzel (12), Freund (13), Barkan (14), 
Brugsch (15), Warburg and Krebs (16), Langcr 
(17), Locke, Main and Rosbash (18), Dominici 
(19), McIntosh (20) and many others have veri- 
fied the presence of non-hemoglobin iron in hu- 
man blood. The values have varied from minute 
amounts to 10 per cent of the total blood iron. 
Barkan (14) showed that there was no relation 
between the level of hemoglobin and non-hemo- 
globin iron among twenty-one different individuals 
nor in the same person under varj’ing conditions. 
Riecker and Winters (21) found no direct rela- 
tionship between serum iron and the level of hemo- 
globin in dogs, Schultze and Elvehjem (22) 
could obtain no agreement between total blood 
iron and hemoglobin in fowl. 


ments of total blood iron. Wong (1), Fow- 
weather (2), Sackett (3), Dupray (4), and others 
have calculated hemoglobin values from deter- 
minations of total blood iron. Kennedy (5) be- 
lieves that total blood iron can be correlated with 
otygen capacity and hemoglobin content as deter- 
mined by colorimetric methods. Murphy, L}'nch 


Because of the fundamental importance of this 
question to the problems of iron metabolism, iron 
transport, and the relations between iron and 
hemoglobin, it seemed desirable to study the 
magnitude and the variations of non-hcmoglobin 
iron in human beings. With this in mind seventy- 
two determinations of total blood iron and oxygen 


and Howard (6) have proposed a new index, the capadty were made on the blood of fifty-seven 

iron index,” obtained by dividing the milli- indiriduals. Patients with a wide variety of dis 

grams of iron in 100 cc. of blood by the number ease conditions, as well as normals, were included 

of red blood cells in the same volume, as an ex- in order that the results might give as far as oos- 

pression of the concentration of iron in the red sible, a picture of the ranne of hntu i • • 

blood cells. The validity of these values rests on and pJoZlc varialw E ^ P'^ys^ologic 

the assumption that all the iron of the blood is Barkan (14 23) who sbo' If? 

contained within the red blood cells, or combined fracrion ofVe non-Lf^^^^ ' 

wiffi hemoglobin, and behaves as a single variable, within the red blood cells it Ts 'Zhns thTvalid 

figures for non-hemoglobin iron cannot be derived 


In 1898 Abderhalden (7) first showed that 


there was more iron in the blood of various ani- ffom amhsZ'nf^hlt derived 

mals than could be attributed to the hemoglobin one gram mnlpn i t, plasma. Since 

alone. He found that the non-hemoglobin iron one gram-molen ^™°g^obin combines with 
amounted to >0 per cent of the' total blood iron vJuf W 

m the ox, 3.6 per cent in the horse, and 6 per cent measuremp f ^^°^'n'iron can be calculated from 
Since then Ehrlich and Lazarus Msh degr ^ capacity, with the 

(a), Rosm and Jellinek (9), Erben (10) Seiller Tn accuracy inherent in this procedure. 

for hemoglobin iron the figure 

1 Aided by a grant from the research fund of the Yale *^7 factor 

School of Medicine. , , ' , ^ subtracting this value from the total 

351 °° determined by analysis, a figure for 
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TABLE I 

Outline of experimental data 


Subject 

num- 

ber 

Age 

1. 

years 

55 

2. 

85 

3. 

44 

4. 

69 

5. 

63 

6. 

40 

7, 

70 

8. 

65 

9a. 

45 

9b. 

45 

10. 

45 

11. 

48 

12. 

38 

13a. 

20 

136. 

20 

14. 

60 

15. 

16 

16. 

43 

17. 

30 

18. 

73 

19. 

39 

20. 

57 

21. 

60 

22. 

17 

23. 

46 

24a. 

56 

246. 

56 

25a. 

67 

256. 

67 

26. 

55 

27. 

76 

28o. 

45 

286. 

45 

29. 

43 

30. 

39 

31. 

63 

32. 

63 

33. 

39 

34, 

44 

35a. 

41 

356. 

41 

36a. 

44 

366. 

44 

37a. 

58 

376. 

58 

37c. 

58 

38a. 

60 

386. 

60 

39. 

30 

40o. 

28 

406. 

28 

41. 

30 

42a. 

30 

426. 

30 


Diagnosis 


Pernicious anemia, diabetes mellitus 
Diabetes meliitus, arteriosclerotic heart dis- 
ease 

Pregnancy, acute nephritis 
Cardiovascular disease, dehydration 
Diabetes naellitus, arteriosclerosis, general- 
ized _ 

Pernicious anemia 

Diabetes rnellitus 

Paget’s disease of bones 

Apoplexy, arteriosclerosis, generalized 

Apoplexy, arteriosclerosis, generalized 

Diabetes mellitus, perianal abscess 

Cardiac decompensation, severe 

Nephritis, subacute; anemia, hypochromic 

Chlorosis 

Chlorosis, iron therapy 
Diabetes mellitus, abscess of hand 
Acute nephritis 
Acute nephritis 
Anxiety neurosis, obesity 
Diabetes mellitus, arteriosclerosis, general- 
ized anemia, hypochromic 
Chronic nephritis mth edema, anemia, hy- 
pochromic 
Leukemia 

Arteriosclerosis with heart disease 

Hyperthyroidism 

Diabetic acidosis 

Polycythemia vera 

Polycythemia vera 

Banti’s disease 

Banti’s disease 

Pernicious anemia, nephritis, acute 
Arteriosclerosis, generalized; anemia, hyper- 
chromic 

Anemia, hypochromic, due to chronic blood 
loss 

Anemia, hypochromic, due to chronic blood 
loss; iron therapy 

Cardiovascular renal disease; hypochromic 
anemia, secondary 
Idiopathic hypochromic anemia 
Arteriosclerosis, generalized; apoplexy 
Polycythemia vera 

Idiopathic hypochromic anemia; iron ther- 
apy 

Idiopathic hypochromic anemia 
Bleeding peptic ulcer 
Bleeding peptic ulcer 
Pernicious anemia 
Pernicious anemia, liver therapy 
Emphysema, polycythemia 
Polycythemia, phenylhydrazine therapy 
Polycythemia, phenylhydrazine continued 
Polycythemia vera 

Polycythemia vera, phenylhydrazine ther- 
apy 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 


Hemoglobin 

iron 

calculated 
from O2 
capacity 


mgm. per cent 

44.8 

51.5 

46.5 

43.8 

49.0 

27.4 

48.5 

27.7 

44.8 

45.6 

43.4 

40.9 

23.6 

10.8 

29.7 

33.6 

41.9 

35.6 

47.8 

18.8 

31.6 

14.3 

61.5 

52.5 

51.0 

62.4 

62.9 

26.0 

25.4 

34.2 

30.3 

12.6 

36.3 

34.3 

28.0 

54.1 
51.8 

24.4 

25.1 

21.5 

38.3 

17.2 
26.0 

59.0 

50.4 

43.5 

70.7 

56.3 

51.0 

49.6 

52.2 

46.6 

44.2 

49.2 


Total 
iron by 
analysis 


mgm. Per cent 

46.2 

51.7 

48.8 

45.7 

52.7 

29.4 

51.4 

33.7 

47.8 

51.0 

45.5 

48.1 

25.4 

11.7 

30.4 

36.4 

45.1 

41.0 

53.6 

19.4 

34.3 

14.4 

62.4 

53.1 

53.3 ! 

64.3 

63.2 

26.4 

26.5 

33.0 

29.5 

13.7 

36.7 

35.4 

29.2 

55.4 

53.0 

25.9 

28.7 

23.1 

39.1 

18.7 

30.5 

60.7 

51.2 

43.8 

71.5 

63.6 

52.9 

52.0 

56.0 

47.3 

49.7 

54.3 


Non- 

hemoglobin 

iron 


mgm. per cent 

1.4 

0.2 

2.3 

1.9 

3.7 

2.0 

2.9 

6.0 

3.0 

5.4 

2.1 

7.2 

1.8 
0.9 
0.7 

2.8 

3.2 

5.4 

5.8 

0.6 

I 

2.7 
0.1 
0.9 
0.6 

2.3 

1.9 
0.3 
0.4 

1.1 

- 1.2 

- 0.8 

1.1 

0.4 

1.1 

1.2 

1.3 

1.2 

1.5 

3.6 

1.6 
0.8 

1.5 

4.5 

1.7 
0.8 
0.3 
0.8 

7.3 

1.9 

2.4 

3.8 
0,7 

5.5 
5.1 


Non-hemoglobin 

iron 


Total 

iron 


Per cent 

3.0 

0.4 

4.7 

4.2 

7.0 

6.8 

5.6 

17.8 

6.3 
10.6 

4.6 

15.0 

7.1 

7.7 

2.3 
7.7 

7.1 

13.2 

10.8 

3.1 

7,9 

0.7 

1.4 

1.1 
4.3 

3.0 
0.5 

1.5 

4.2 


8.0 

1.1 

3.1 

4.1 
2.3 

2.3 

5.8 

12.5 

6.9 
2.0 
8.0 

14.8 

2.8 

1.6 

6.9 

1.1 

11.5 

3.6 

4.6 

6.7 
l.S 

11.1 

9.4 
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TABLE I {cor.linued) 


Subject 

num* 

i 

1 Age 

j 

DiaKnoji’; 

HcmoRlobm 

»ron 

cnlculated 

from 

cnpndty 

Total 
iron by 
analysis 

Non- 

hcmoslobm 

iron 

Noa-hemoglobiQ 

iron 

Total 

iron 


years 


msm. per cent 

njra. Tfr cerl 

per cent 

per cent 

42c. 

30 

Xorm.il 

47.8 i 

50.4 i 

2.6 

5.2 

43a. 

3! 

Normal 

50.2 

52.7 

2.5 

4.7 

436. 

31 

Normal 

47.3 

49.2 

1.9 

3.9 

44. 

35 

Normal 

48.3 

50.7 

2.4 

4.7 

45a. 

25 

Normal 

45.4 

48.5 

3.1 

6.4 

456. 

25 

Normal 

49.1 

49.1 

0.0 

0.0 

46. 

21 

Normal 

44.2 

46.8 

2.6 

5.6 

47. 

25 

Normal 

54.7 

58.6 

3.9 

6.7 

48. 

25 

Normal 

51.1 

54.7 

3.6 

6.6 

49. 

26 

Normal 

48.8 

51.4 

2.6 

5.1 

50. 

26 

Normal 

47.2 

48.3 

1.1 

2J 

51. i 

21 

Normal 

52.8 

57.0 

4.2 

7,4 

52. I 

38 

Normal 

57.4 

60.2 

2.8 

4.7 

53. 

26 

Normal 

45.7 

46.3 

0.6 

1.3 

54. 

21 

Normal 

42,2 

43.3 

I.l 

2.5 

55. ; 

22 

Normal 

45.1 

47.1 

2.0 

4.2 

56. 

28 

Normal 

45.2 

45.9 

0.7 

1.5 

*57. 

25 

Normal 

54.2 

69.5 

15.3 

22.0 


Mean non-hemoglobin iron 

2.2 mgm. per cent 

Standard deration — 1.74 mgm, 
per cent 

Non-hemoglobin iron 

Total iron 

5.3 per cent 

Standard deviation =: 3,9 per 
cent 

Mean error of duplicate determinations of total iron 

0.38 mgm. per cent 

Standard deviation d: 0.46 mgm. 
per cent 

Mean error of duplicate determinations of oxygen capacity in 
terms of hemoglobin iron 

0,38 mgm, per cent 

Standard deviation 0.31 mgm. 
per cent 

‘Omitted from statistical consideration. 


true non-hemoglobin iron can be obtained. Bar- 
kan (24) attempted to arrive at values for non- 
hemoglobin iron by ultrafiltration of hemolyzed 
blood, and Winegarden and Borsook (25) by 
dialysis; but in view of the unstable nature of 
hemoglobin when subjected to manipulation, these 
methods cannot be considered reliable. 

Ox^'gen capacity was determined in duplicate 
by the carbon monoxide method of Van Slyke and 
Hiller as described by Peters and Van Slyke (26). 
Total blood iron was measured in duplicate or 
triplicate by volumetric titration with titanium ac- 
cording to the technique recently described (27). 
Data concerning the sensitivity of this method as 
well as recovery experiments are given in that 
paper. 

RESULTS 

The experimental findings are presented in 
Table I. 


The value for non-hemoglobin iron of Case 57 
was omitted in the mathematical treatment of re- 
sults because it lies so far beyond the range of the 
other findings that it is highly probable that some 
gross technical error was undetected. 

In this series an average of 5.3 per cent of the 
total iron was found uncombined with active 
hemoglobin. This is in close agreement with the 
work of Barkan (24) who reports that the free 
iron of the blood amounts to from 5 to 6 per 
cent of the hemoglobin iron. In Figure 1 the 
values for non-hemoglobin iron are plotted against 
oxygen capacities. It can be readily’ seen that 
there is no correlation between non-hemoglobin 
iron and oj^’gen capadt)'. These results indi- 
cate that attempts to arrive at values for hemo- 
globin by determination of total blood iron or 
vice versa, are subject to an average error of a.3 
per cent with a standard deviation of 3.9 per 
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TABLE I 

Outlme of experimental data 


Hemoglobin 

iron 

calculated 
from O 2 
capacity 

Total 
iron by 
analysis 

Non- 

hemoglobin 

iron 

rngm. per cent 

rngm. per cent 

mgm. per cent 

44.8 

46.2 

1.4 

51.5 

51.7 

0.2 

46.5 

48.8 

2.3 

43.8 

45.7 

1.9 

49.0 

52.7 

3.7 

27A 

29.4 

2.0 

48.5 

51.4 

2.9 

27.7 

33.7 

6.0 

44.8 

47.8 

3.0 

45.6 

51.0 

5.4 

43.4 

45.5 

2.1 

40.9 

48.1 

7.2 

23.6 

25.4 

1.8 

10.8 

11.7 

0.9 

29.7 

30.4 

0.7 

33.6 

36.4 

2.8 

41.9 

45.1 

3.2 

35.6 

41.0 

5.4 

47.8 

53.6 

5.8 

18.8 

19.4 

0.6 

31.6 

34.3 

2.7 

14.3 

14.4 

0.1 

61.5 

62.4 

0.9 

52.5 

53.1 

0.6 

51.0 

53.3 

2.3 

62.4 

64.3 

1.9 

62.9 

63.2 

0.3 

26.0 

26.4 

0.4 

25.4 

26.5 

1.1 

34.2 

33.0 

-1.2 

30.3 

29.5 

-0.8 

12.6 

13.7 

1.1 

36.3 

36.7 

0.4 

34.3 

35.4 

1.1 

28.0 

29.2 

1.2 

54.1 

55.4 

1.3 

51.8 

53.0 

1.2 

24.4 

25.9 

1,5 

25.1 

28.7 

3.6 

21.5 

23.1 

1.6 

38.3 

39.1 

0.8 

17.2 

18.7 

1.5 

26.0 

30.5 

4.5 

59.0 

60.7 

1.7 

50.4 

51.2 

0.8 

43.5 

43.8 

0.3 

70.7 

71.5 

0.8 

56.3 

63.6 

7.3 

51.0 

52.9 

1.9 

49.6 

52.0 

2.4 

52.2 

56.0 

3.8 

46.6 

47.3 

0.7 

44.2 

49.7 

5.5 

49.2 

54.3 

5.1 


Subject 

num- 

ber 


Age 


1. 

years 

55 

2. 

85 

3. 

44 

4. 

69 

5. 

63 

6. 

40 

7. 

70 

8. 

65 

9a. i 

45 

96. 

45 

10. 

45 

11. 

48 

12. 

38 

13a. 

20 

136. 

20 

14. 

60 

15. 

16 

16. 

43 

17. 

30 

18. 

73 

19. 

39 

20. j 

57 

21. 

60 

22. 

17 

23. 

46 

24a. 

56 

246. 

56 

25o. 

67 

256. 

67 

26. 

55 

27. 

76 

28a. 

45 

286. 

45 

29. 

43 

30. 

39 

31. 

63 

32. 

63 

33. 

39 

34. 

44 

35c. 

41 

356. 

41 

36a. 

44 

366. 

44 

37a. 

58 

376. 

58 

37c. 

58 

38a. 

60 

386. 

60 

39. 

30 

40a. 

28 

406. 

28 

41. 

30 

42a. 

30 

426, 

30 


Diagnosis 


Pernicious anemia, diabetes mellitus 
Diabetes mellitus, arteriosclerotic heart dis 
ease 

Pregnancy, acute nephritis 
Cardiovascular disease, dehydration 
Diabetes mellitus, arteriosclerosis, general 
ized 

Pernicious anemia 

Diabetes rnellitus 

Paget’s disease of bones 

Apoplexy, arteriosclerosis, generalized 

Apoplexy, arteriosclerosis, generalized 

Diabetes mellitus, perianal abscess 

Cardiao decompensation, severe 

Nephritis, subacute; anemia, hypochromic 

Chlorosis 

Chlorosis, iron therapy 
Diabetes mellitus, abscess of hand 
Acute nephritis 
Acute nephritis 
Anxiety neurosis, obesity 
Diabetes mellitus, arteriosclerosis, general 
ized anemia, hypochromic 
Chronic nephritis with edema, anemia, hy 
pochromic 
Leukemia 

Arteriosclerosis with heart disease 

Hyperthyroidism 

Diabetic acidosis 

Polycythemia vera 

Polycythemia vera 

Banti’s disease 

Banti's disease 

Pernicious anemia, nephritis, acute 
Arteriosclerosis, generalized; anemia, hyper- 
chromic 

Anemia, hypochromic, due to chronic blood 
loss 

Anemia, hypochromic, due to chronic blood 
loss; iron therapy 
Cardiovascular renal disease; hypochromic 
anemia, secondary 
Idiopathic hypochromic anemia 
Arteriosclerosis, generalized; apoplexy 
Polycythemia vera 

Idiopathic hypochromic anemia; iron ther- 
apy 

Idiopathic hypochromic anemia 
Bleeding peptic ulcer 
Bleeding peptic ulcer 
Pernicious anemia 
Pernicious anemia, liver therapy 
Emphysema, polycythemia 
Polycythemia, phenylhydrazine therapy 
Polycythemia, phenylhydrazine continued 
Polycythemia vera 

Polycythemia vera, phenylhydrazine ther- 
apy 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 


Non-hemoglobin 

iron 


Total 

iron 


ter cent 

3.0 

0.4 

4.7 

4.2 

7.0 

6.8 

5.6 

17.8 

6.3 

10.6 

4.6 

15.0 

7.1 

7.7 

2.3 
7.7 

7.1 

13.2 

10.8 

3.1 

7.9 

0.7 

1.4 

1.1 

4.3 

3.0 
0.5 

1.5 

4.2 


8.0 

1.1 

3.1 

4.1 
2.3 
2.3 

5.8 

12.5 

6.9 
2.0 
8.0 

14.8 

2.8 

1.6 

6.9 

1.1 

11.5 

3.6 

4.6 

6.7 
1.5 

11.1 

9.4 
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TABLE I [continued) 


Subject 

num- 

bir 

Acc 

i 

Dinfmofi? 

1 ' 

i 

IIcfflORlobm 

iron 

cniculated 
from Os 
capacity' 

Total 
iron by 
analysis 

Xon- 

hemoglobin 

iron 

Koa-h emoglobla 
iron 

Total 

Iron 




per cent i 

ngm, per cent 1 

mgrr.. per cent 

per cent 

42c. 

30 

Normal 

47.8 

50.4 

2.6 

5.2 

43a. 

31 

Normal 

50.2 

52.7 

2.5 

4.1 

436. 

31 

Normal 

41.3 

49.2 

1.9 

3.9 

44. 

35 

Normal 

48.3 

50.7 

2.4 

4.7 

45a. 

25 

Normal 

45.4 

48.5 

3.1 

6.4 

436. 

25 

Normal 

49.1 

49.1 

0.0 

0.0 

4<5. 

21 

Normal 

44.2 

46.8 

2.6 

5.6 

47. 

25 

Normal 

54.7 

58.6 

3.9 

6.7 

48. 

25 

Normal 

51.1 

54.7 

3.6 

6.6 

49. 

26 

Normal 

48.8 

51.4 

2.6 

5.1 

50. 

26 

Normal 

t 47.2 

48.3 

I.l 

2.3 

51. 

21 

Normal 

1 52.8 

1 57.0 

4.2 

7.4 

52. 

38 

Normal 

i 57.4 

60.2 

2.8 

4.7 

53. 

26 

Normal 

1 45.7 

46.3 

0.6 

1.3 

54. 

21 

Normal 

! 42.2 

1 43.3 

1.1 

2.5 

■ 55. 

22 

Normal 

45.1 

47.1 

2.0 

4.2 

56. 

28 

Normal 

45.2 

45.9 

0.7 

1.5 

•57. 

25 

Normal 

54.2 

69.5 

15.3 

22.0 


Mean non-hemoglobin iron 

2.2 mgm. per cent | 

1 

i 

Standard deAiation — 1.74 mgm. 
per cent 

Non-hemoglobin iron 

Total iron 

1 

5.3 per cent 

Standard deriation ~ 3.9 per 
cent 

Mean error of duplicate determinations of total iron 

0.38 mgm. per cent 

Standard deviation = 0.46 mgm. 
per cent 

Mean error of duplicate determinations of oxj’gen capacity in 
terms of hemoglobin iron 

0.38 mgm. per cent 

Standard deviation ± 0.31 mgm. 
per cent 

'Omitted from statistical consideration. 


true non-hemoglobin iron can be obtained. Bar- 
kan (24) attempted to arrive at values for non- 
hemoglobin iron by ultrafiltration of hemolyzed 
blood, and Winegarden and Borsook (25) by 
dialysis; but in view of the unstable nature of 
hemoglobin when subjected to manipulation, these 
methods cannot be considered reliable. 

Oxygen capacity was determined in duplicate 
by the carbon monoxide method of Van Slyke and 
Hiller as described by Peters and Van Slyke (26). 
Total blood iron was measured in duplicate or 
triplicate by volumetric titration with titanium ac- 
cording to the technique recently described (27). 
Data concerning the sensitivity of this method as 
well as recovery experiments are given in that 
paper. 

RESULTS 

The experimental findings are presented in 
Table I. 


The %'alue for non-hemoglobin iron of Case 57 
was omitted in the mathematical treatment of re- 
sults because it h’es so far beyond the range of the 
other findings that it is highly probable that some 
gross technical error was undetected. 


in ims senes an average of 5.3 per cent of the 
total iron was found uncombined with active 
hemoglobin. This is in close agreement with the 
work of Barkan (24) who reports that the free 
iron of the blood amounts to from 5 to 6 per 
cent of the hemoglobin iron. In Figure 1 the 
values for non-hemoglobin iron are plotted against 
ow'gen capacities. It can be readily seen that 
Aere is no correlation betiveen non-hemoglobin 
iron and o.xTgen capadt)-. These results indi- 
cate that attempts to arrive at values for hemo- 
globin by determination of total blood iron or 
vice versa, are subject to an average error of 5 3 
per cent with a standard deviation of 3.9 per 
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cent, and a possible error as great as 17.8 per cent. 
The scatter of the actual values of non-hemoglobin 
iron is given in Figure 2. The wide range of 
variations of non-hemoglobin iron is apparent. 
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Fig. 1. Correlation Chart. 

The relation between non-hemoglobin iron and oxygen 
capacity. 


In agreement with Barkan (23), it was evident 
from simultaneous determinations of total blood 
iron, oxygen capacity, and serum iron, that the 
serum contained only a fraction of the non-hemo- 
globin iron. This will be considered in detail in 
another report. 

SUMMARY 

From determinations of oxygen capacity and 
total blood iron in fifty-seven subjects under vari- 
ous conditions, values for non-hemoglobin iron 
were obtained. It was found that non-hemo- 


globin iron varies widely and is a signi. 
tion of total iron. For these reasons, a 
correlate values for hemoglobin and or 
pacity with determinations of total blood 
fruitless. 

The generous assistance of Dr. Anna J. j 
man is appreciatively acknowledged. 
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THE EFFECT OF PROTEIN* ON THE CARBOHYDRATE TOLERANCE 
OF TWO CASES HAVING COMBINED DIABETES 
MELLITUS AND PERNICIOUS ANEMIA ‘ 

Bv XORitAN JOLLIFFE. HAROLD BRANDALEOXE. .vnd HARRY MOST 

(From ike Dctcrtrr.cr.: of ^Udicino, A'ctc York Unhorsity Ccllcoc of Medidih\ end the 
Psvckietric Medical Serzdcc of tkc Third (AYif Ycrk Ui:k\'rsi:y) Medical 
Dkrisica. Eellcantc Hospital, A'tti' York) 


We have studied two subjects having both 
diabetes mellitus and pernicious anemia during a 
six and nine montirs’ period of hospitalization. 
This combination of diseases has been recently 
reviewed by Root ( 1 ) . 

Marked fluctuations in carbohydrate tolerance 
were observed to follow changes in protein con- 
tent of the diet. It is well known that the com- 
position of the diet of the normal (2) as well as 
of the diabetic patient plays an important part in 
the carbohydrate tolerance. It is generally recog- 
nized (3) that the adult diabetic does best on a 
diet containing 0.66 to 1.0 gram of protein per 
kilogram of body weight per diem. The use of 
limited amounts of protein in the diets is so uni- 
versal that the reason for its curtailment is often 
forgotten. Consequently, in the therapy of dis- 
eases complicating diabetes the tendency has been 
to give the diet prescribed for the complicating 
disease and if glycosuria occurs to control it with 
insulin. If this complicating disease is one in 
which a high protein diet is advisable, such as 
pernicious anemia, a real danger exists. The 
carbohydrate tolerance of these subjects, already 
impaired, may be seriously damaged. 

Prior to the method of treatment by under- 
nutrition, diabetic patients were placed on a diet 
consisting entirely of protein and fat. As Joslin 
(3) expresses it, these patients were “ urged to de- 
vour, not merely eat, protein and fat ad libitrun.” 
In consequence, there were no mild diabetics 
among those so treated. The mildly diabetic, 
due to lack of carbohydrate in the diet and the 
excess of protein and fat, were made moderately 
severe. The moderately severe became severe, 
while the latter died in ketosis or barely escaped 
with their lives. During the era of undemutri- 
tion, patients were maintained aglycostunc whose 


urine had never before been consistentlv sugar 
free, and the average duration of life of the dia- 
betic increased. The success of this treatment 
must be credited to imdemutrition and the sharp 
curtailment of protein in the diet. Falta and 
Gigon (4) in 1907 noted that an increase in pro- 
tein of the diet of a severe diabetic caused more 
glycosuria than an increase in carbohydrate. 
Klemperer (5) showed that even dextrose could 
be assimilated to a considerable degree bv a severe 
diabetic pati^t proHded the protein in the diet 
was low. 

The rapidity with which the effect of an excels 
of protein when given tvith a low carbohydrate! 
high fat diet manifests itself was demonstrated 
by a case reported by Gephart, Aub. DuBoK and 
Lusk (6). This patients urine was sugar 
on a diet of C. 40 to SO grams. P. 94 grams and 
F. 100 grams- He complained so bitterlv 
that the Che. ^-as changed to C. 3 grams. P. 156 
and F. 230 grams, giving double the cal- 
ones tod approxtoately the same carbohvdrate 
^mvalent On the second dav of thi<= diet the 
D:N ratio 3.48 The deleterious' effect of 
this diet may have been caused bv incre-^.e in 
pro.an, an increase m fat, or K- ' • ! 

total calories. Evidence that the 
feet of this D-pe of diet was 
excess protein was presented hv the 

DuBois (7). In their patient, on a 

grams. P. 54 grams, F. 56 grtois, th» 
averaged 1.81. A single day on ^ if 
p^s, P. 118.6 grams, F. 41 gramy ° 
isocaloric \rith the preceding 
10 grams more a\'ailable conta^ 

m a D:S ratio o£ 3.97. 
diet was rearranged to C. 0.4 ®^g dayjl 

F. 5.6 grams, almost halving ^ ^ 

ducing the available carbobr--., SyjC 

in the original diet; the be!’-' j ill- 

This case demonstrates beo/-^" 

veritv was not due to hcreyi'^-' 


I Presented in abstract before the Interurban Qinical 
Qub, New York, December, 1934. 
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fat, or in available carbohydrate. It demon- 
strates that the moderately severe diabetic may 
be converted into a severe diabetic by an increase 
in protein. Confirmation of the damaging effect 
of excess protein may be read in the work of 
Wilder, Boothby, and Beeler (8). Lusk (9) 
calls it “ as clear-cut a piece of metabolism ar- 
tistry as may well be conceived.” These authors 
showed that the sugar tolerance is depressed by 
an increase in total calories, but more markedly 
depressed by an increase in protein than by iso- 
caloric amounts of fat. They further state that 
the protein effect is not due to the sugar or keto- 
genic bodies derived from the protein but to 
“ some other more specific action of protein, the 
result of which is to interfere with the mechanism 
of sugar utilization.” 

Recently Schloss (10) has presented evidence 
which indicates that high protein diets may not 
necessarily be harmful in some individuals. 
However, results presented in a second paper 
(11) indicate that glycosuria was greater on a 
high protein than on a high fat diet, whether 
preceded or followed by the latter. 

Von Noorden (12), Falta and Gigon (4), and 
Joslin (3) emphasized the danger of excess pro- 
tein in the diet in diabetes mellitus. Woodyatt 
(13) demonstrated the necessity for keeping dia- 
betics on a diet containing enough calories to pre- 
vent consumption of body protein. He empha- 
sized that when the patient is forced to fall back 
on his own tissues for food he can draw only 
upon the materials that are there; if fat is not 
present the protein burns. Excessive consump- 
tion of bod}'^ protein may explain some of the 
failures of treatment by the method of under- 
nutrition. 

Newburgh and Marsh (14) effectively demon- 
strated this point in a group of 43 diabetics. 
Their diet consisted of C. 10 to 30 grams, P. 10 
to 40 grams, and F. 20 to 175 grams. The upper 
margin for fat in grams when placed at twice the 
carbohydrate plus one-half the protein was well 
exceeded in all their diets. They demonstrated 
that a diabetic subject may be expected to be- 
come and remain sugar free without acidosis on 
a high fat diet containing sufficient calories to 
prevent undernutrition provided the protein was 
low. 

From the available literature on the effect of 


protein in the diabetic’s diet it has been demon- 
strated : 

1, That pure protein-fat diet is extremely dele- 
terious. 

2, On low carbohydrate diets an increase in 
protein as a rule increases the severity of the 
diabetes out of all proportion to the extra sugar 
derived from protein. 

3. Isocaloric increases in protein are generally 
more harmful than isocaloric increases in fat. 

4. That acidosis does not occur when the keto- 
genic-anti-ketogenic ratio is exceeded provided 
the protein is minimal. 

Will the high carbohydrate diet protect, delay, 
or minimize the deleterious action of an excess 
protein in the diet of the diabetic? Will the 
deleterious effects of excess protein be manifest 
if long continued or severe glycosuria be pre- 
vented? Will the impaired tolerance be perma- 
nent? We believe the study of our two cases 
indicates the answer to these questions. 


CASE REPORTS 


Cas<; I 

M. K., a 59 year old native white widow, was ad- 
mitted to the medical wards of the Bellevue Psychiatric 
Division on September 28, 1933. She was admitted to 
another hospital earlier the same day, but showed mental 
symptoms and was immediately transferred to this hos- 
pital. On admission no history was obtained; she was 
semi-comatose, with a heavy odor of acetone on the 
breath and evidence of dehydration and emaciation. The 
breathing was of the Kussmaul type. Urine contained 
much acetone and diacetic acid and 3 per cent sugar. 
The blood sugar was 375 mgm. per cent, and nonprotcin 
nitrogen 39 mgm. per cent. Treatment for diabetic 
ketosis was immediately instituted with the result that 
the patient was alert and cooperative in four hours and 
the urine free from acetone in seven hours. Further 
examination revealed a marked pallor, smooth tongue 
and signs of well advanced combined system disease of 
the spinal cord. The blood count was 1.9 million red 
cells, hemoglobin 6.4 grams per 100 cc. Study 
stained smear revealed marked oval macrocytosis. T e 
total leukocyte count was 3,100, with a differential 
ula of polymorphonuclear leukocytes 77, lymphocytes 2. , 
monocytes 0. Gastric analysis, using the alcohol test 
meal and followed by histamine, showed absence of rcc 
hydrochloric acid and extremely low total acidity. too 
examinations were negative for ov’a, parasites or b ckx . 
Roentgen studies of the gnstro-intcstinal tract were 
negative. 

Following recovery from the ketosis the foiJov.M-, 
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pertinent history was obtained: In 1928 the patient had 
developed sjmptoms of weakness and paresthesias, for 
which she had entered another hospital. While there 
she was considered to have Addisonian pernicious anemia, 
and a remission was induced by administration of liver 
extract. Following discharge she continued to take a 
diet rich in green vegetables and meats, with liver twice 
a week. She remained in good health until June, 1933, 
when she lost her appetite and stopped eating liver and 
meat A month later she noted return of weakness and 
paresthesias and loss of weight Polyuria and polydi-psia 
began two weeks prior to admission, and one week be- 
fore admission she was told she had diabetes. At this 
time the patient was living in a home for the aged, and 
no treatment was instituted. 


given a diet of C. ISO grams, P. 70 grams, F. 85 grams, 
and 13 days later the carbohydrate was increased to 200 
grams. On this diet and 30 to 36 units of insulin daily 
in divided doses the urine became free from sugar within 
one week. The insulin was then progressively decreased 
to a single morning dose of 10 imits. It should be noted 
that the insulin requirement fell in spite of a moderate 
fever of unknown origin and an increase in carbohydrate 
from 150 to 200 grams. Attempts to decrease the 
insulin to 5 units on October 25 and October 26 resulted 
in the appearance of 9 grams of sugar in the urine on 
each of these two days. During the last two weeks of 
this period the patient gained only 0.7 gram of hemo- 
globin and less than 400,000 red cells. Because of the 
inadeqtiate hematological response vre determined to re- 


PErtlOD 1 2 3 5 



Liver therapy was instituted the day of admission, the 
patient receiving 3 cc. of Lederle’s liver extract for 
parenteral use, containing the material derived from 100 
grams of liver, on September 28, 29, and 30. An in- 
crease in reticulocytes followed, reaching a maximum of 
11 per cent on October 3. From this point on the course 
of events can best be followed in stages, and by refer- 
ence to Figure 1. 

Period 1. During this 30 day period the patient re- 
ceived 1 gram of iron daily in the form of ferric am- 
monium citrate, and two injections each week of 3 cc. 
Lederle’s liver extract for parenteral use. She was 


arrange her diet more in accordance with that given pa- 
tients with uncomplicated anemia. This plan was carried 
out in Period 2. 

Period 2. The diet given contained C. 200 grams, P. 
155 grams, F. 85 grams, and parenteral liver and iron 
by mouth was continued as in Period 1. During this 
period of 45 days a satisiactory hematological response 
was observed. The red cell count reached five milh'on, 
and the hemoglobin 12 grams per 100 cc. on December 
6, 43 days following institution of the high protein diet- 
On the second day of this period, in spite of an increase 
of 49 grams in amilable carbohydrate, a mild reaction to 
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fat, or in available carbohydrate. It demon- 
strates that the moderately severe diabetic may 
be converted into a severe diabetic by an increase 
in protein. Confirmation of the damaging effect 
of excess protein may be read in the work of 
Wilder, Boothby, and Beeler (8). Lusk (9) 
calls it “as clear-cut a piece of metabolism ar- 
tistry as may well be conceived.” These authors 
showed that the sugar tolerance is depressed by 
an increase in total calories, but more markedly 
depressed by an increase in protein than by iso- 
caloric amounts of fat. They further state that 
the protein effect is not due to the sugar or keto- 
genic bodies derived from the protein but to 
“ some other more specific action of protein, the 
result of which is to interfere with the mechanism 
of sugar utilization.” 

Recently Schloss (10) has presented evidence 
which indicates that high protein diets may not 
necessarily be harmful in some individuals. 
However, results presented in a second paper 
(11) indicate that glycosuria was greater on a 
high protein than on a high fat diet, whether 
preceded or followed by the latter. 

Von Noorden (12), Falta and Gigon (4), and 
JosHn (3) emphasized the danger of excess pro- 
tein in the diet in diabetes mellitus. Woodyatt 
(13) demonstrated the necessity for keeping dia- 
betics on a diet containing enough calories to pre- 
vent consumption of body protein. He empha- 
sized that when the patient is forced to fall back 
on his own tissues for food he can draw only 
upon the materials that are there; if fat is not 
present the protein burns. Excessive consump- 
tion of body protein may explain some of the 
failures of treatment by the method of under- 
nutrition. 

Newburgh and Marsh (14) effectively demon- 
strated this point in a group of 43 diabetics. 
Their diet consisted of C. 10 to 30 grams, P. 10 
to 40 grams, and F. 20 to 175 grams. The upper 
margin for fat in grams when placed at twice the 
carbohydrate plus one-half the protein was well 
exceeded in all their diets. They demonstrated 
that a diabetic subject may be expected to be- 
come and remain sugar free without acidosis on 
a high fat diet containing sufficient calories to 
prevent undermitrition provided the protein was 
low. 

From the available literature on the effect of 


protein in the diabetic’s diet it has been demon- 
strated : 

1. That pure protein-fat diet is extremely dele- 
terious. 

2. On low carbohydrate diets an increase in 
protein as a rule increases the severity of the 
diabetes out of all proportion to the extra sugar 
derived from protein. 

3. Isocaloric increases in protein are generally 
more harmful than isocaloric increases in fat. 

4. That acidosis does not occur when the keto- 
genic-anti-ketogenic ratio is exceeded provided 
the protein is minimal. 

Will the high carbohydrate diet protect, delay, 
or minimize the deleterious action of an excess 
protein in the diet of the diabetic? Will the 
deleterious effects of excess protein be manifest 
if long continued or severe glycosuria be pre- 
vented? Will the impaired tolerance be perma- 
nent? We believe the study of our two cases 
indicates the answer to these questions. 

CASE EEPOKTS 
Case I 

M. K., a 59 year old native white widow, was ad- 
mitted to the medical wards of the Bellevue Psychiatric 
Division on September 28, 1933. She was admitted to 
another hospital earlier the same day, but showed mental 
symptoms and was immediately transferred to this hos- 
pital. On admission no history was obtained; she was 
semi-comatose, with a heavy odor of acetone on the 
breath and evidence of dehydration and emaciation. The 
breathing was of the Kussmaul type. Urine contained 
much acetone and diacetic acid and 3 per cent sugar. 
The blood sugar was 375 mgm. per cent, and nonprotein 
nitrogen 39 mgm. per cent. Treatment for diabetic 
ketosis was immediately instituted with the result that 
the patient w'as alert and cooperative in four hours an 
the urine free from acetone in seven hours. Further 
examination revealed a marked pallor, smooth tongue 
and signs of well advanced combined system disease o 
the spinal cord. The blood count was 1.9 million re 
cells, hemoglobin 6.4 grams per 100 cc. Study 
stained smear revealed marked oval macrocytosis. w 
total leukocyte count was 3,100, with a differential orm 
ula of polymorphonuclear leukocytes 77, lymphocytes 
monocytes 0. Gastric analysis, using the alcohol tes 
meal and followed by histamine, showed absence o 
hydrochloric acid and extremely low total acidity. 
examinations were negative for ova, parasites or 
Roentgen studies of the gastro-intcstinal tract r.crc 

negative. 

Following recovery from the ketosis the to on • *, 
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pertinent histori’ was obtained: In 1928 the patient had 
developed symptoms of weakness and paresthesias, for 
which she had entered another hospital. While there 
she was considered to have Addisonian pernicious anemia, 
and a remission was induced by administration of liver 
extract. Following discharge she continued to take a 
diet rich in green vegetables and meats, with liver twice 
a week. She remained in good health tmtil June, 1933, 
when she lost her appetite and stopped eating liver and 
meat. A month later she noted return of weakness and 
paresthesias and loss of weight Polyuria and pol 3 ‘dypsia 
began two weeks prior to admission, and one week be- 
fore admission she was told she had diabetes. At this 
time the patient was living in a home for the aged, and 
no treatment tvas instituted. 


given a diet of C. 130 grams, P. 70 grams, F. 85 grams, 
and 13 days later the carbohydrate was increased to 200 
grams. On this diet and 30 to 36 units of insulin daily 
in divided doses the urine became free from sugar within 
one week. The insulin was then progressively decreased 
to a single morning dose of 10 units. It should be noted 
that the insuh'n requirement fell in spite of a moderate 
fever of unknown origin and an increase in carbohydrate 
from 150 to 200 grams. Attempts to decrease the 
insulin to 5 units on October 25 and October 26 resulted 
in the appearance of 9 grams of sugar in the urine on 
each of these two days. During the last two weeks of 
this period the patient gained onlj- 0.7 gram of hemo- 
globin and less than 400,000 red cells. Because of the 
inadequate hematological response v.-e determined to re- 



Fig. 1. Observations on Case I, M. K. 


Liver therapy was instituted the day of admission, the 
patient receiving 3 cc. of Lederle’s liver extract for 
parenteral use, containing the material derived from 100 
grams of liver, on September 28, 29, and 30. An in- 
crease in reticulocytes followed, reaching a maximum of 
11 per cent on October 3. From this point on the course 
of events can best be followed in stages, and by refer- 
ence to Figure 1. 

Period 1. During this 30 day period the patient re- 
ceived 1 gram of iron daily in the form of ferric am- 
monium citrate, and two injections each week of 3 cc. 
Lederle’s liver extract for parenteral use. She w'as 


arrange her diet more in accordance with that given pa- 
tients vnth uncompheated anemia. This plan was carried 
out m Period 2. 

Period 2. .The diet given contained C. 200 grams P. 
15o graiK, F. 85 grams, and parenteral liver and iron 
continued as in Period 1. During this 
period oi days a satisfactory hematological response 

reached five milUon, 
f 4 , / ^ grams per 100 cc. on DecemS 

L thf protein diet. 

S 49 ? day of this period, in spite of an increase 

OI 49 grams m arailable carbohydrate, a mild reaction to 
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insulin occurred. The dose of insulin was then reduced 
to 5 units daily. Five days later 30 grams of sugar ap- 
peared in the urine, and during the next IS days, in spite 
of constantly increasing amounts of insulin, moderate 
glycosuria continued. To make the urine sugar free 50 
units of insulin were necessary. This dosage of insulin 
was continued for six days in which no glycosuria or 
insulin reactions occurred. On November 24 the dose 
was reduced to 40 units daily, and on November 27 to 
30 units daily. On December 3 about 35 grams of sugar 
was found in the urine, and about 10 grams on the next 
two succeeding days. Glycosuria ceased for three days, 
and then recurred, necessitating an increase in insulin to 
40 units on December 9 and to 50 units on December 10. 
This amount of insulin failed to prevent glycosuria, 
about 10 grams of sugar having been found in the urine 
on December 14. We believed that this increase in 
severity of the diabetes could be attributed to the excess 
protein, and consequently the diet was changed to that 
in Period 3. 

Period 3. The diet given contained C. 250 grams, P. 
70 grams, F. 85 grams. This diet during a period of 23 
days had the same carbohydrate equivalent per diem as 
the preceding high protein, and furnished 140 less total 
calories. The dose of 50 units of insulin was continued, 
and within four days glycosuria was absent. Insulin 
was gradually decreased to 30 units daily. On this diet 
and dosage of insulin, about 5 grams of sugar per diem 
appeared in the urine for the last five days of this period. 
We believe it probable that the insulin requirement 
would have decreased progressively had not the occur- 
rence of fever ended this period. 

Period 4. This period of infection lasted for 25 days. 
On January 8 a rhinitis developed, and although the pa- 
tient was confined to bed a temperature of 101° devel- 
oped on January 11. No definite cause of the low grade 
fever could be determined. On January 24 a typical 
facial erysipelas developed, with fever of 105°. The 
diet was immediately changed to one consisting of al- 
most pure carbohydrate. She received food every two 
hours day and night with a dosage of insulin depending 
on urinary findings taken prior to each feeding. The pa- 
tient went through this severe infection without acidosis. 
The red cells fell to three million, in spite of transfusions 
of 500 cc. of whole blood on January 25, 26, and 27. 
On January 28 the erysipelas was fading, the insulin re- 
quirement diminishing, and the temperature subsiding, 
and by February 2 the patient was free of fever, at 
which time the diet of Period 5 was instituted. 

Period 5. This period of readjustment of diet and 
insulin following infection continued over the next 60 
days till discharge of the patient. She was given a diet 
containing C. 200 grams, P. 70 grams, F. 85 grams. On 
this diet 90 units of insulin per diem, in divided doses, 
were required at first to control glycosuria. We were 
able gradually to reduce the dosage of insulin, but at no 
time could it be decreased below 50 units daily without 
the apiKarance of glycosuria, as shown in Figure 1, be- 
tween February 27 and March 9, and March 19 to March 


24. We lost track of this patient following discharge 
and are therefore unable to make a report of the course 
of events subsequently. 

Case II 

R. G., an unmarried Russian Jewess, 28 years old, was 
admitted for mental observation to the medical wards of 
the Bellevue Psychiatric Division on August 30, 1933. 
Examination showed a poorly nourished woman, appear- 
ing chronically ill, bedridden and with a moderate pallor. 
There was a smooth tongue, marked weakness of both 
lower extremities with absent tendon reflexes, absent 
postural and vibratory sense, and an extensor plantar re- 
sponse. The heart and lungs were normal. No viscera 
were palpable. Examination of the blood showed 8.8 
grams hemoglobin per 100 cc. and 2.58 million red blood 
cells per cu. mm. The color index was 1.0, saturation 
index 0.80, and the volume index 1.26. The smear showed 
marked poikilocytosis and anisocytosis, and a number of 
oval macrocytes. The white blood cells numbered 5,800, 
with a differential count as follows : polymorphonuclear 
leukocytes 70, lymphocytes 28, and monocytes 2. The 
serum bilirubin was 0.74 mgm. per cent, and gave a de- 
layed direct Van den Bergh reaction. Using the alcohol 
test meal, followed by histamine, no free hydrochloric 
acid could be demonstrated in the gastric contents. A 
postabsorptive blood sugar was 100 mgm. per cent. The 
urine was normal. Repeated stool examinations were 
negative for blood or parasites. Complete roentgenologi- 
cal study of the gastro-intestinal tract revealed it to be 
normal. It seemed probable that this patient had Ad- 
disonian pernicious anemia, but to obtain more evidence 
on this point the patient was treated by parenteral ad- 
ministration of a preparation of yeast; no reticulocyte 
response followed. On September 12 parenteral liver 
therapy was started; 3 cc. of Lederle’s parenteral liver 
extract, containing the material derived from 100 grams 
of whole liver were administered for three successive 
days. An adequate reticulocyte response followed this 
procedure. Simultaneously with the reticulocyte response 
a marked change occurred in the patient. The delusions 
of identity disappeared; she became agreeable and co- 
operative, and ate the diet prescribed. Before the in- 
crease of reticulocytes the patient had to be fed through 
a tube. She had insisted volubly that she was tlic 
Czarina of Russia and had been kidnaped. Subsequent!} 
an adequate history was obtained, both from the patient 
and her family. The family history failed to reveal 
nervous or mental disease, anemia, or diabetes. Except 
that she had had the common childhood diseases the pa- 
tient had been well till July, 1932, when she noted in- 
creasing weakness and fatigue, and difficulty in walking, 
accompanied by a loss of 25 pounds in weight. Shc^ ha( 
entered another hospital where a diagnosis of a micro 
cytic hypochromic type of anemia was made. Mildl> a i- 
normal neurological signs were reported to have liecn 
present at that time. The postabsorptive blood sugar 
was 98 mgm. per cent, and the urine normal. She '-as 
treated with liver and iron and made a fair recover}, re 
maining well for a year. About the first of Aligns'- 
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1933, the patient dc^'cloped menial symptoms, weakness, 
fatigue, and a progressive inability to walk. After 
about a month the family, because tliey were unable to 
persuade the patient to cat, and because of her delusions 
of identity, brought her to the hospital for mental ob- 
servation. 


marked tenderness was elicited in the right costo- 
vertebral triangle. The pyelitis rapidly cleared by the 
usual expectant treatment, and the temperature was 
normal by October 23. There was a mild recurrence of 
fever from December 6 to 8, after which the patient was 
free of fever. 



Following the rise of reticulocytes the patient was 
given a diet which was rich in protein and green vege- 
tables, in addition to one-half pound of liver daily. 
Two parenteral injections of liver, each containing the 
material derived from 100 grams of liver, were given 
weekly, as well as 1 gram daily of iron by mouth. A 
satisfactory level of hemoglobin and red cells was 
reached by December 1, but on account of the marked 
neurological changes confining the patient to bed or a 
wheel chair hospitalization was continued. Parenteral 
administration of liver and iron by mouth was con- 
tinued, as well as physiotherapy. One-half pound of 
liver daily was added to the high caloric, high protein 
diet for anemia. 

On admission, August 30, 1933, the patient had a tem- 
perature of 101°. The fever continued to run a low- 
grade course till September 10, after which the tempera- 
ture became normal. No adequate explanation can be 
offered for this period of fever. On October 15 the 
temperature suddenly rose to 102°. On the next day- 
clumps of pus cells w-ere discovered in the urine and 


Casual urine specimens, nine in number, were negative 
for sugar till November 27, at w-hich time a trace ap- 
peared; a morning specimen of urine on November 2^ 
contained 0.5 per cent sugar; glycosuria was absent till 
December 8, when it recurred. On December II the 
fasting blood sugar w-as 131 mgm. per cent, rising to 
172 mgm. two hours after breakfast. On December 14 
the blood sugar was 175 mgm. per cent fasting, and 230 
and 207 mgm. per cent two and three and one-half hours 
after break-fast respectively. The course of events with 
this patient can now best be followed in periods and bv 
reference to Figure 2. ' 




mined C. 230 grams, P. l6o gram. k^'™r„dTo' 
j^ulin was given. This diet contained about one-half 
fte ai^unt of pro^n given in the unweighed anemia 
diet. The diabete dunng this period was mild, as shov,-n 

sug^, 278 g^s or the 296 grams of carbohvdrat'e 
av-ailable in the diet having been utilized. 

Period 2. The diet during this period of 21 days was 
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maintained isocaloric with that in Period 1 by decreas- 
ing the protein 15 grams and increasing the carbohydrate 
by 15 grams, making the dietary formula C. 245 grams, 
P. 85 grams, F. 85 grams. The carbohydrate equivalent 
was 6 grams more than that in Period 1. iThe amount 
of sugar in the urine decreased from an average of 18 
grams to 13 grams for the first 10 days on this diet, and 
to 9 grams during the second 10 day period. This indi- 
cates the utilization of 289 and 293 of the 302 grams of 
available carbohydrate in the two consecutive 10 day 
periods, as compared with 278 grams dextrose available 
in Period 1. 

Period 2. The patient in Period 2 had demonstrated 
the ability to utilize 289 grams of dextrose with a pro- 
tein intake of 85 grams per diem. During the third 
period, of 46 days, the carbohydrate equivalent was re- 
duced to 279 grams by reducing the carbohydrate and 
protein in the diet each by 15 grams, making the dietary 
formula C. 230 grams, P. 70 grams, F. 85 grams. The 
glycosuria continued at about 10 grams per diem. On 
January 20, insulin was first given, 20 units being re- 
quired to prevent glycosuria. We were then able to 
progressively reduce the insulin to 5 units daily without 
the recurrence of glycosuria. When administration of 
insulin was omitted entirely the average amount of 
sugar excreted daily was 2.5 grams during the last 15 
days of this period. This degree of glycosuria was 
practically constant and showed no tendency to increase. 
This last period of 15 days seemed to us an adequate 
control period for an acute experiment, for we recog- 
nized that any change to be significant must be marked 
and definite. 

Period 4. During this 16 day period the diet was 
changed to C. 290 grams, P. 70 grams, F. 85 grams. 
This increase of 60 grams in carbohydrate was accom- 
plished over an eight day period. The addition of 60 
grams of carbohydrate resulted in a daily average of 
22 grams of sugar over a 10 day period. Here again 
there was no tendency for the glycosuria to increase 
over the last 10 days of this period. 

Period 5. This period of high protein feeding lasted 
for 41 days. The extra 60 grams of carbohydrate 
added in Period 4 was omitted, and 100 grams of pro- 
tein added, making the dietary formula C. 230 grams, 
P. 170 grams, F. 85 grams. The available carbohydrate 
of this diet was almost identical with that in Period 4 
and was, for practical purposes, isocaloric. During the 
first 10 day period of this diet the average daily sugar 
excretion decreased to 17 grams from the daily average 
excretion of 22 grams for the last 10 days of Period 4. 
In the second 10 day period, from May 24 to April 2, 
the average daily excretion was 25 grams of sugar, and 
from this point on the severity of the diabetes progressed 
rapidly: The average from April 2 to April 12 was 33 
grams; from April 12 to April 22, 55 grams. On April 
22 and 23, 120 grams of sugar was found in the urine, 
and on April 24, 275 grams, accompanied by thirst and 
polyuria but no acetone bodies. The patient on this day 
utilized only 62 of the 337 grams of available carbo- 


hydrate in the diet. The patient was now returned to 
the diet in Period 4. 

Period 6. The extra 100 grams of protein added to 
the diet in Period 5 was replaced by 60 grams of carbo- 
hydrate, making the dietary formula C. 290 grams, P. 
70 grams, F. 85 grams. With this diet 75 units of 
insulin daily in four doses was required to reduce the 
glycosuria to an average of 5 grams daily. With the 
same diet in Period 4, without insulin, the patient ex- 
creted an average of 22 grams of sugar daily. Exog- 
enous insulin probably accounted for the utilization of 
150 grams of sugar, and with 5 grams appearing in the 
urine it may be calculated that this patient utilized over 
this five day period (May 2 to May 7) 184 of the 339 
grams of available carbohydrate in the diet. The carbo- 
hydrate in the diet was then cut to 260 grams and, two 
days later, to 230 grams. Insulin dosage was gradually 
reduced to 25 units daily. At this point, 25 days after 
termination of the high protein diet, it may be calculated 
that the patient was utilizing 229 grams of the 279 grams 
of available carbohydrate in her diet. Attempts to re- 
duce insulin below 25 units daily resulted in glycosuria. 
On the same diet without insulin in Period 4 an average 
of 2.5 grams of sugar appeared in the daily urine. On 
May 23, preparatory to discharge from the hospital, the 
carbohydrate in the diet was reduced to 200 grams. On 
this diet the insulin dosage was 22 units, with appear- 
ance of an average of 6 grams of urinary sugar from 
June 2 to discharge to a hospital for chronic diseases on 
June 11. The patient six months later was on a diet of 
C. 90 grams, P. 75 grams, F. 90 grams, and talcing 30 
units of insulin without glycosuria. 

COMMENT 

The addition of an excess of protein to the diet 
of these two individuals having pernicious anemia 
did not result in an immediate increase in severity 
of the diabetes. In M. K., following the addition 
of 80 grams of protein to her diet, a mild insulin 
reaction occurred on the second day, causing ns 
to decrease the dose of insulin from 10 to 5 units 
daily. In R. G., the addition of 100 grams of 
extra protein and a simultaneous decrease in the 
carbohydrate of the diet by 60 grams was fol- 
lowed by a diminution in the daily excretion of 
urinary sugar for 10 days. The addition o 
excess protein to the diet in the cases reported by 
Gephart, Aub, DuBois and Lusk (6), Geyelin and 
DuBois (7), and by Wilder, Boothby and Beeler 
(8) resulted in the immediate increase in the 
severity of the disease. We believe it possible 
that the high carbohydrate content of the diet mav 
hav'e protected our patients from the immedmte 
deleterious effects of the added protein. 
carbohydrate content of the diets used b> t - 
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previous obsen-ers was exceedingly low. In two 
instances only 3 grams or less of carbohydrate 
was allowed daily, and in the other 23.5 grams 
daily was permitted. In our cases, M. K. was 
allowed 200 grams, and R. G. 230 grams of car- 
bohydrate at the time they were receiving the 
extra protein. 

The ultimate result in our two cases of an 
e.xcess of protein in the diet was deleterious. The 
influence of adding protein without otherwise 
changing the diet is effectively demonstrated in 
Periods 1, 2, and 3 in I^I. K. This patient dem- 
onstrated the ability to remain free of glycosuria 
when 10 units of insulin were given daily (Period 
1) with a dietar}" formula of C. 200 grams, P. 70 
grams, F. S5 grams. The addition of SO grams 
of protein was followed bj* gl)-cosuria on the 
fifth day, and in spite of progressive!)' increasing 
the dose of insulin, glycosuria persisted for 15 
days. The progressive nature of the impairment 
may be noted in that from November 19 to 25 
the urine was sugar free when 50 units of insulin 
were given daily, but on the same amount of 
insulin, glycosuria was present from December 10 
to 14. This also shows that the deleterious effect 
of an excess of protein w’as manifest in the ab- 
sence of glycosuria. The 80 grams excess of 
protein, continued for 45 days, was followed by 
an increase of 40 units of insulin daily, which 
amount was not quite sufficient, at the end of 
the period, to prevent glycosuria. The extra 49 
grams of carbohydrate made available by the 80 
grams of protein required an increase of 40 units 
of insulin. On cutting the extra 80 grams of 
protein and substituting an equivalent amount of 
carbohydrate (Period 3) and maintaining the 
same amount of insulin, glycosuria was absent by 
the fifth day. Likewise it is to be noted that 
slight glycosuria does not preclude improvement 
in carbohydrate utilization. A progressive im- 
provement occurred, so that by January 1, 17 
days after omitting the excess protein, the insulin 
requirement was 30 units, with onl)' 2 to 8 grams 
of sugar in the daily 24 hour urine. We believe 
an increase in insulin of 3 to 5 units would have 
made the urine sugar free at this stage. We be- 
lieve this patient would have continued to im- 
prove had not Period 3 been interrupted by a se- 
vere infection. Oiir data on this patient from 


this time can not be used to study the effect of 
protein. 

The deleterious effect of an excess of protein 
was not minimized by a reduction in the carbo- 
hydrate of the diet equivalent to the available 
dextrose in the protein. This is demonstrated in 
the case of R. G. (Periods 4, 5, and 6). In 
Period 3 the patient demonstrated an abilitj* to 
utilize a diet of C. 230 grams, P. 70 grams, F. 
85 grams without insulin with an average of onlj- 
3 grams of sugar in the urine over a 15 day period 
(Februar)' 12 to 27). In Period 4 the carbo- 
hydrate over a week’s time was increased hy 60 
grams to 290 grams wn’th an average excretion 
over a 10 day period (April 4 to 14) of 22 grams 
of sugar. There was no indication during this 
period that the glycosuria was increasing. The 
60 grams of extra carbohydrate was replaced br* 
100 grams of protein containing the same amount 
of available carbohydrate. Following the first 
10 day period in which the average sugar excre- 
tion slightly decreased, there was a progressive 
and constantly increasing glycosuria. Between 
the 30th and 40th day the average daily glycosuria 
amounted to 75 grams, indicating that the pa- 
tient was now utilizing 262 of the 337 grams of 
available carbohydrate in her diet. At this point 
the daily urine volume suddenly increased (April 
22) to be followed by 140 grams of urinary 
sugar on April 22, and 275 grams on April 23. 
Due to the marked glycosuria and diuresis, with 
loss of senrni electrolj'tes in the urine, we felt 
that it was no longer safe to continue this diet. 
Consequently, in Period 6, the 100 grams of 
protein was replaced by 60 grams of carbo- 
hydrate, and insulin given. At this time, Ma)' 6, 
the patient required 75 units of insulin to pre- 
vent glycosuria. Probably this exogenous insulin 
utilized 150 grams of carboh)'drate, indicating 
that this patient was utilizing 189 grams of the 
339 grams of available carbohydrate in her diet. 
Within 13 days, therefore, after discontinm'ng the 
high protein diet the carbohydrate tolerance of the 
patient had increased from 112 to 189 grams. 
During the next 10 days the improvement was 
more rapid, so that 25 days after discontinuing 
the e.\-cess protein the patient was utilizing 229 of 
the 279 grams of a-vailable carbohydrate in her 
diet. This is the last available accurate calcula- 
tion of tolerance, for when we reduced her diet 
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maintained isocaloric with that in Period 1 by decreas- 
ing the protein IS grams and increasing the carbohydrate 
by 15 grams, making the dietary formula C, 245 grams, 
P. 85 grams, F. 85 grams. The carbohydrate equivalent 
was 6 grams more than that in Period 1, 'The amount 
of sugar in the urine decreased from an average of 18 
grams to 13 grams for the first 10 days on this diet, and 
to 9 grams during the second 10 day period. This indi- 
cates the utilization of 289 and 293 of the 302 grams of 
available carbohydrate in the two consecutive 10 day 
periods, as compared with 278 grams dextrose available 
in Period 1. 

Period 3. The patient in Period 2 had demonstrated 
the ability to utilize 289 grams of dextrose with a pro- 
tein intake of 85 grams per diem. During the third 
period, of 46 days, the carbohydrate equivalent was re- 
duced to 279 grams by reducing the carbohydrate and 
protein in the diet each by IS grams, making the dietary 
formula C. 230 grams, P. 70 grams, F. 85 grams. The 
glycosuria continued at about 10 grams per diem. On 
January 20, insulin was first given, 20 units being re- 
quired to prevent glycosuria. We were then able to 
progressively reduce the insulin to 5 units daily without 
the recurrence of glycosuria. When administration of 
insulin was omitted entirely the average amount of 
sugar excreted daily was 2.5 grams during the last 15 
days of this period. This degree of glycosuria was 
practically constant and showed no tendency to increase. 
This last period of 15 days seemed to us an adequate 
control period for an acute experiment, for we recog- 
nized that any change to be significant must be marked 
and definite. 

Period 4. During this 16 day period the diet was 
changed to C. 290 grams, P. 70 grams, F. 85 grams. 
This increase of 60 grams in carbohydrate was accom- 
plished over an eight day period. The addition of 60 
grams of carbohydrate resulted in a daily average of 
22 grams of sugar over a 10 day period. Here again 
there was no tendency for the glycosuria to increase 
over the last 10 days of this period. 

Period 5. This period of high protein feeding lasted 
for 41 days. The extra 60 grams of carbohydrate 
added in Period 4 was omitted, and 100 grams of pro- 
tein added, making the dietary formula C. 230 grams, 
P. 170 grams, F. 85 grams. The available carbohydrate 
of this diet was almost identical with that in Period 4 
and was, for practical purposes, isocaloric. During the 
first 10 day period of this diet the average daily sugar 
excretion decreased to 17 grams from the daily average 
excretion of 22 grams for the last 10 days of Period 4. 
In the second 10 day period, from May 24 to April 2, 
the average daily excretion was 25 grams of sugar, and 
from this point on the severity of the diabetes progressed 
rapidly: The average from April 2 to April 12 was 33 
grams; from April 12 to April 22, 55 grams. On April 
22 and 23, 120 grams of sugar was found in the urine, 
and on April 24, 275 grams, accompanied by thirst and 
polyuria but no acetone bodies. The patient on this day 
utilized only 62 of the 337 grams of available carbo- 


hydrate in the diet. The patient was now returned to 
the diet in Period 4. 

Period 6. The extra 100 grams of protein added to 
the diet in Period 5 was replaced by 60 grams of carbo- 
hydrate, making the dietary formula C. 290 grams, P. 
70 grams, F. 85 grams. With this diet 75 units of 
insulin daily in four doses was required to reduce the 
glycosuria to an average of 5 grams daily. With the 
same diet in Period 4, without insulin, the patient ex- 
creted an average of 22 grams of sugar daily. Exog- 
enous insulin probably accounted for the utilization of 
ISO grams of sugar, and with 5 grams appearing in the 
urine it may be calculated that this patient utilized over 
this five day period (May 2 to May 7) 184 of the 339 
grams of available carbohydrate in the diet. The carbo- 
hydrate in the diet was then cut to 260 grams and, two 
days later, to 230 grams. Insulin dosage was gradually 
reduced to 25 units daily. At this point, 25 days after 
termination of the high protein diet, it may be calculated 
that the patient was utilizing 229 grams of the 279 grams 
of available carbohydrate in her diet. Attempts to re- 
duce insulin below 25 units daily resulted in glycosuria. 
On the same diet without insulin in Period 4 an average 
of 2.5 grams of sugar appeared in the daily urine. On 
May 23, preparatory to discharge from the hospital, the 
carbohydrate in the diet was reduced to 200 grams. On 
this diet the insulin dosage was 22 units, with appear- 
ance of an average of 6 grams of urinary sugar from 
June 2 to discharge to a hospital for chronic diseases on 
June II. The patient six months later was on a diet of 
C. 90 grams, P, 75 grams, F. 90 grams, and taldng 30 
units of insulin without glycosuria. 


COMMENT 

The addition of an excess of protein to the diet 
of these two individuals having pernicious anemia 
did not result in an immediate increase in severity 
of the diabetes. In M. K., following the addition 
of 80 grams of protein to her diet, a mild insulin 
reaction occurred on the second day, causing us 
to decrease the dose of insulin from 10 to 5 units 
daily. In R. G., the addition of 100 grams of 
extra protein and a simultaneous decrease in the 
carbohydrate of the diet by 60 grams was fol- 
lowed by a diminution in the daily excretion o 
urinary sugar for 10 days. The addition o 
excess protein to the diet in the cases reported b> 
Gephart, Aub, DuBois and Lusk (6), Geyelin and 
DuBois (7), and by Wilder, Boothby and Beeler 
(8) resulted in the immediate increase in t c 
severity of the disease. We believe it possibc 
that the high carbohydrate content of the diet ma> 
have protected our patients from the immedmte 
deleterious effects of the added protein. 
carbohydrate content of the diets used b) t le 
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previous observers was exceedingly low. In tw’O 
instances only 3 grams or less of carbohydrate 
was allowed daily, and in the other 23.5 grams 
daily was permitted. In our cases, M. K. was 
allowed 200 grams, and R. G. 230 grams of car- 
bohydrate at the time they were receiving the 
extra protein. 

The ultimate result in our two cases of an 
excess of protein in the diet was deleterious. The 
influence of adding protein without otherwise 
changing the diet is effectively demonstrated in 
Periods 1, 2, and 3 in M. K. This patient dem- 
onstrated the abilitj* to remain free of glycosuria 
when 10 units of insulin were given daih' (Period 
1) with a dietarj’ formula of C. 200 grams, P. 70 
grams, F. 85 grams. The addition of 80 grams 
of protein was followed by glycosuria on the 
fifth day, and in spite of progressively increasing 
the dose of insulin, glycosuria persisted for 15 
days. The progressive nature of the impairment 
ma}' be noted in that from November 19 to 25 
the urine was sugar free when 50 units of insulin 
were given daily, but on the same amount of 
insulin, glycosuria was present from December 10 
to 14. This also shows that the deleterious effect 
of an excess of protein was manifest in the ab- 
sence of glycosuria. The 80 grams excess of 
protein, continued for 45 days, was followed by 
an increase of 40 units of insulin daily, which 
amount was not quite sufficient, at the end of 
the period, to prevent glycosuria. The extra 49 
grams of carbohydrate made available by the 80 
grams of protein required an increase of 40 units 
of insulin. On cutting the extra 80 grams of 
protein and substituting an equivalent amount of 
carbohydrate (Period 3) and maintaining the 
same amount of insulin, glycosuria was absent by 
the fifth day. Likewise it is to be noted that 
slight glycosuria does not preclude improvement 
in carbohydrate utilization. A progressive im- 
provement occurred, so that by January 1, 17 
days after omitting the excess protein, the insulin 
requirement was 30 units, with only 2 to 8 grams 
of sugar in the daily 24 hour urine. We believe 
an increase in insulin of 3 to 5 units would have 
made the urine sugar free at this stage. We be- 
lieve this patient would have continued to im- 
prove had not Period 3 been interrupted by a se- 
vere infection. Our data on this patient from 


this time can not be used to study the effect of 
protein. 

The deleterious effect of an excess of protein 
was not minimized by a reduction in the carbo- 
hydrate of the diet equivalent to the available 
dextrose in the protein. This is demonstrated in 
the case of R. G. (Periods 4, 5, and 6). In 
Period 3 the patient demonstrated an abilit>' to 
utilize a diet of C. 230 grams, P. 70 grams, F. 
85 grams without insulin with an average of onh* 
3 grams of sugar in the urine over a 15 day period 
(February 12 to 27). In Period 4 the carbo- 
hydrate over a week’s time was increased by 60 
grams to 290 grams with an average excretion 
over a 10 day period (April 4 to 14) of 22 grams 
of sugar. There was no indication during this 
period that the gl 3 *cosuria was increasing. The 
60 grams of extra carbohj-drate was replaced by 
100 grams of protein containing the same amount 
of available carbohydrate. Following the first 
10 day period in which the average sugar excre- 
tion slightly decreased, there was a progressive 
and constantly increasing glycosuria. Between 
the 30th and 40th day the average dailj* gljxosuria 
amounted to 75 grams, indicating that the pa- 
tient was now utilizing 262 of the 337 grams of 
available carbohydrate in her diet. At this point 
the dailv' urine volume suddenlj* increased (April 
22) to be followed bj" 140 grams of urinarj' 
sugar on April 22, and 275 grams on April 23. 
Due to the marked glycosuria and diuresis, with 
loss of serum electrolytes in the urine, we felt 
that it was no longer safe to continue this diet. 


jTcuuu u, me luu grams o 
protein was replaced by 60 gfams of carbo 
hydrate, and insulin given. At this time. May 6 
the patient required 75 units of insulin to pre 
■vent glycosuria. Probably this exogenous insulii 
utih'zed^ 150 grams of carbohydrate, indicatin| 
that this patient was utilizing 189 grams of th< 
339 ^ams of available carbohj'drate in her diet 
Within 13 days, therefore, after discontinuing th( 
high protein diet the carbohydrate tolerance of the 
patirat had increased from 112 to 189 grams 
During the next 10 days the improvement was 
more rapid, so that 25 days after discontinuins 
the excess protein the patient was utilizing 229 of 
“''5 of available carbohj'drate in her 
diet. This IS the last available accurate calcula- 
tion of tolerance, for when we reduced her diet 
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to C. 200 grams, P. 70 grams, F. 85 grams the 
patient surreptitiously obtained food. 

The deleterious effect of protein on the carbo- 
hydrate tolerance remains for some time after a 
return to a high carbohydrate, low protein-fat 
diet. In 25 days patient R. G, had a tolerance for 
229 of 279 grams of available carbohydrate in 
her diet, while prior to the high protein period 
her tolerance was 317 of the 339 grams of avail- 
able carbohydrate. Six months following dis- 
charge this patient had regained but little of her 
original tolerance. Patient M. K. in 25 days fol- 
lowing cessation of the period with extra protein 
utilized 234 grams of 299 grams available, while 
prior to the high protein period she utilized 229 
of 249 grams of available carbohydrate. These 
figures, while roughly giving one the degree of 
severity of the disease, are not strictly accurate 
unless the carbohydrate content of the diets in 
the two periods are similar. Increasing the 
amount of available carbohydrate in the diet, pro- 
vided the increase is by additional carbohydrate 
rather than protein, often results in an increase 
in the total sugar utilized. R. G., February 12 
to 27, utilized 294 grams of 299 grams available ; 
and with no change in status other than the ad- 
dition of 60 grams of carbohydrate to the diet 
utilized, in the period from March 6 to 14, 337 
grams of the 359 grams available. 

The deleterious effect of a high protein diet re- 
mains and is progressive when marked or long 
continued glycosuria is prevented, and even oc- 
curs when glycosuria is absent. M. K., during 
the high protein diet, was prevented from show- 
ing large amounts of glycosuria by constantly in- 
creasing dosage of insulin. For 14 days, Novem- 
ber 4 to IS, glycosuria was present, but not 
marked nor accompanied by polyuria. From No- 
vember 19 to December 2 this patient was abso- 
lutel}’’ sugar free. Nevertheless this patient 
showed as much impairment of carbohydrate 
tolerance as R. G., who was allowed uncontrolled 
glycosuria. 

SUMMARY AND CONCLUSIONS 

Wc have studied two subjects having combined 
pernicious anemia and diabetes over six and nine 
months of hospitalization. One patient entered 
the wards in a state of severe diabetic ketosis and 
in a relapse of the anemia. The other patient en- 


tered the wards in a relapse of the anemia and 
with many psychotic manifestations. Following 
treatment for the anemia by parenteral injection 
of liver extract, iron by mouth, and high caloric, 
high protein diet over a three month period, 
diabetes developed. The carbohydrate tolerance 
of both patients was studied on low and high pro- 
tein diets, with the following conclusions : 

1. High protein diets in our two cases markedly 
reduced the carbohydrate tolerance. This reduc- 
tion in tolerance cannot be explained by either an 
increase in calories or by the extra carbohydrate 
made available from the excess protein. 

2. A simultaneous high carbohydrate diet ap- 
parently prevented the immediate deleterious ef- 
fects of the excess protein becoming apparent. 
Ultimate results were qualitatively similar to that 
observed in previous studies when low carbo- 
hydrate diets were employed. 

3. The loss of carbohydrate tolerance as a re- 
sult of the high protein diet is not temporary. 
The tolerance remained impaired in one subject 
for at least 25 days, and in the other for at least 
six months. 

4. Insulin, when given in amounts sufficient to 
prevent either long continued or severe glycosuria, 
does not ward off the deleterious effect of excess 
protein in the diet. 
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The conception that peripheral vascular irrita- 
bility may be an important factor in the mech- 
anism of production of hypertension has led to a 
search for vascular or vasomotor stimuli that 
would further knowledge both of the physiology 
of h}'pertension and of the state of indnndual pa- 
tients from time to time. Large numbers of 
agents, both physical and chemical, have been 
tried. Of the various chemical stimuli for test- 
ing peripheral vasomotor irritability in hyper- 
tensive disease, epinephrine has been frequently 
chosen. In spite of this, there has been lack of 
agreement concerning the nature of the reactions 
in hypertension. Jensen (1) reviewed literature 
and carried out experiments wth subcutaneous 
epinephrine. He found that repetition of tests 
regularly produced a sharp pressor response, and 
that the response to the first test was the chief 
variable. In the normal there was usually a slow 
systolic rise; in the hypertensives some had little 
response and others a very' strong response on the 
first test. 

About ten years ago a considerable amount of 
work, reported chiefly in the German literature, 
was done with injection of epinephrine intra- 
venously. Csepai, Fomet and Toth (2), and 
Hetenyi and Sumegi (3) reported frequent but 
not constant increased sensitirity to epinephrine 
in hypertension as Judged by the absolute increase 
in blood pressure following standard doses of 
epinephrine h3'drochloride, usually 0.01 mgra. 
Jansen (4), using doses of from 0.005 to 0.02 
mgm., reported diminished sensitivity in about 
half the hypertensives, as judged by the amount 
of elevation of S3'stolic pressure expressed as a 
percentage of the base s3’stolic pressure. All 
these investigators observed depressor responses 
at times in hypertension. Deicke and Hulse (5) 
judged the t3-pe of response rather than its magni- 
tude; in a small series they obsen^ed a depressor 
response in the normal, diphasic response in ne- 


phritis and in hypertension with severe kidney 
damage, and no change in blood pressure in un- 
complicated essential hypertension following injec- 
tions of 0.005 mgm. They regarded pressor re- 
sponse to this dose as indicative of heightened 
sensitirity to epinephrine and believed it charac- 
teristic of patients -with renal damage. Hess (6) 
chose as a criterion the minimal active dose of 
epinephrine, which gave as a rule negative or 
diphasic blood pressure curves ; she reports lower 
minimal doses in hypertension, although there was 
considerable overlap into the normal minimal dose 
range. She considered as normal sensitivity 
0.000005 to 0.(XXX)10 mgm. per kgm. body weight 
for the minimal active dose; in a 60 kgm. subject 
this would mean doses of 0.0003 to 0.0(X)6 mgm. 
Her sensitive individuals reacted at times to doses 
as low as 0.0000025 mgm. per kgm. Szondi (7) 
also pointed out the difficulty in drawing conclu- 
sions from the direction of the blood pressure 
change following the injection of a single dose 
of epinephrine, and observed that in most sub- 
jects a depressor response was obtained if the 
dose was made low enough. He agreed with 
Hess in the use of minimal depressor doses as a 
measure of sensitivity to epinephrine. 

The various criteria for judging blood pressure 
reactions to intravenous epinephrine ma3' be 
summed up under the following heads; (1) t3-pe 
of response ; (2) size of dose required to produce 
any effect or to produce stated effects; and (3) 
magnitude of response. 

We have carried out 102 experiments on 63 
subjects in which we have attempted to observe 
the response to intravenous epinephrine h3-dro- 
chloride from all three standpoints. Histamine 
dih3-drochloride also was administered in 86 ex- 
periments in the same fashion. Of the 63 sub- 
jects 25 had primary h3-pertension, 9 had glomer- 
ulonephritis, 16 were normal, 7 had normal blood 
pressures at the time of the examinations but 
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were known to have hypertension at times, 3 had 
arteriosclerosis, and 3 had hyperthyroidism. 

METHOD 

The subject lay at ease on a couch, and a needle 
connected with a syringe containing salt solution 
was inserted into a vein in the antecubital fossa. 
The blood pressure was observed every 30 seconds 
in the opposite arm by the auscultatory method, 
throughout the experiment. When the blood 
pressure had reached a constant level, usually 
after 15 to 25 minutes, a measured dose of 
epinephrine hydrochloride in saline solution was 
injected at such a speed as to require as nearly as 
possible 30 seconds for the injection. A base line 
was generally reached again after 4 to 8 minutes 
so that another dose could be administered through 
the same needle. The epinephrine solutions were 
freshly prepared either from solid tablets or from 
1 : 1000 solution in dilutions of 1 ; 10,000 to 1:1,- 
000,000. It was ascertained on three subjects 
that the reactions were the same whether the 
tablet or the commercial solution were the source 
of the epinephrine. The doses regularly used 
were 0.0010, 0.0015, 0.0025, 0.0040, 0.0060, 
0.0100, and 0.0150 mgm.; larger and smaller doses 
were used when necessary to determine minimal 
and maximal depressor doses. The order in 
which various doses were given was varied in 
some experiments ; it did not appear to affect the 
results. We found it convenient, as a rule, to 
work from small to large doses, because of psy- 
chic stimulation from palpitation after the larger 
doses. The histamine was used at times before 
and at times after epinephrine. It was prepared 
from 1 :1000 solution of the dihydrochloride in 
the same dilutions as epinephrine. 

RESULTS 

In evaluating the blood pressure results some 
arbitrary standards were set up for the sake of 
uniformity. Changes of 2 mm. were regularly 
disregarded. Changes of 4 mm. were counted if 
thev Avere confirmed by repetition or if a slightly 
greater dose produced a slightly greater change 
ill the same direction, provided the base line were 
satisfactory. Changes of 4 mm. were also 
counted as significant when they represented the 
short arm of a diphasic response. Otherwise 


changes of 6 mm, or more only were held to be 
significant. 

Type of response. The type of reaction fol- 
lowed the same general pattern in all groups. 
With few exceptions the least effective dose pro- 
duced a fall in both systolic and diastolic pres- 
sures. As the dose was increased a pressor phase 
appeared following the depressor phase. With 
further increase in dosage the depressor phase 
grew less in magnitude until it was no longer 
found, while the pressor reaction increased. De- 
pressor reactions were found at some dosage in 89 
of 102 experiments. They were transitory and 
occurred 30 seconds after the cessation of injec- 
tion. Usually the pressure was at the base line 
or higher at the end of another 30 seconds. The 
pressor phase began 30 to 60 seconds after the 
cessation of injection, sooner with large than Avith 
medium doses. It was usually at its highest 60 
or 90 seconds after the injection, and the base 
line was reached in 1 to 5, usually about 2%, 
minutes. The diastolic pressure generally fol- 
lowed the direction of the systolic, except that 
where a pressor response Avas obtained the dias- 
tolic usually rose and fell about 30 seconds before 
the systolic. This was true even when the sys- 
tolic rise was preceded by a fall. 


The 13 experiments in which depressor re- 
sponse was not found were distributed as fol- 
lows : primary hypertension, 7 of 41 experiments , 
nephritis, 5 of 26; transitory hypertension, 1 of 8; 
normals and others, none of 27. It is possible 
that depressor reactions were present at times and 
not observed because of their transitory character. 

Size of dose. The dosage level at Avhich the 
various phases of the response Avere obtained va- 
ried Avithin Avide limits. Figure 1 gives frequency 
curves for tAVO groups, those in whom the base 
systolic pressure is beloAV 150 mm., and those m 
Avhom it is 150 mm. or more. The minimal ef' 
fective dose aa'us found at 0.0010 or less, O.OOla. 


d 0.0025 mgm. Avith practically equal fre- 
ency; in 15 experiments it exceeded those fig* 
es. The hypertensive group included a slighfl} 
eater spread at each end, but presented no sig 
leant difference in general trend. The spreae 
still more apparent in the ctirA'e for minima 
pressor doses, as 11 of the 13 experiments m 
lich the minimal dose Avas pressor A\'erc amon.., 

: hypertensiA'e group. There AA'as no significant 
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clitYereucc between the minimal i)rcssor closes of depressor doses did not appear to vary signifi- 
the two groups. In the curves of maximal doses candy from group to group. The distribution of 
at which depressor response was observed, there the dosages in the transitory hypertension experi- 
is a mode at 0.0040 mgm. in the lower and a mode ments appears to he well within the normal range 
at 0.0025 in the higher pressure group. The lat- for each of the effects. 

ter group, however, cemtains also more experi- There was a considerable degree of variation 
ments in which the maximal depressor doses were in the respomses of a single individual on different 
unusually high, and these tend to counterbalance days for no demonstrable reason. In one sub- 
tbe difference in modes. ject, a man suffering from acute glomeruloneph- 



Fig. 1. Freoce.vcy with Which Mixim.al .Active, Mixi.m.ci. Depres.=or, Mi-viji.cl Pressor. 
AND Ma.xi.mal Depressor Doses of Epinephrine Hydrochloride Were Found at V.xrious Leveus 
IN Subjects Cucssieied .According to Systouc Pressupje. 


Similar frecpiency curves for the diagnostic rids with subsiding hypertension, there was a 
classifications are shown in Figure 2. The min- ch’stinct tendency for depressor responses to be 
imal activity dose was found more frequently in more pronounced when the systolic pressure was 
primary hypertension at lower, and in nephritis at higher, but in no other subject was this relation 
higher, levels than in the normal. In some sub- seen. 

jects with primaiA- hypertension, however, there Magnitude of response. When blood pressures 
were also very large minimal doses. The minimal are observed at intervals, rather than continuouslv, 
depressor doses varied in the same way as min- any conclusions with regard to magnitude of 
imal active doses. The minimal pressor doses change depend on the assumption that the pc-aks 
tended to be slightly higher in primar}' hyper- of the blood pressure cun.-es are as likely to be 
tension than in the other groups. The maximal obserx'ed in one subject as in another, since it is 
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Fig. 2. Fkkquency with Which Minimal Active, Minimal Depressor, Minimal Pressor. 
AND Maximal Depressor Doses of Epinephrine Hydrochloride Were Found at Various Levels 
IN SunjECTS Classified According to Diagnosis. 

Trail . II y per . refers to transitory hypertension. 


table 


Magnitude of changes in systolic pressure observed after intravenous administration of epinephrine hydrochloride 


Dose 

Initial 

systolic 

pressure 

Frcfiuency 
of fallitiK 
pressure 

Mean initial 
systolic 
pressure 

Mean fall 

Mean fall 

Frequency 
of risint; 
pressure 

Mean initial 
systolic 
pressure 

Mean rise 

Mean rise 

mi’m. 

mm. Ilf, 

(xi^criments 

mm. Ilg 

mm. lie 

per cent 

experiments 

mm. II g 

mm. II g 

per cent 

0.0015 


21 

123 

6.9 

5.6 

6 

128 

7.0 

5.5 

4.4 

4.8 


140-179 

15 

160 

8.3 

5.2 

3 

151 

6.7 



17 

205 

U.6 

7.1 

7 

203 

9.7 

0.0025 


25 

123 


6.3 

17 

124 

5.9 

4.8 


140-179 

18 

156 


53 

16 

157 

6.S 

9.0 

•1.*’ 



21 

201 


5.1 

17 

201 

4 . J 

0.0040 

100 -l.V) 

17 

120 


7.7 

26 

123 

7.2 

5.9 

4.6 

140-179 

IS 

159 


5.9 

18 

159 

7.3 



16 

206 

13.0 

6.r 1 

22 

200 

11.7 
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olivioiis that they cannot be oliserved consistently. 
In spite of this qualification it is possible to judge 
the magnitude of response in a general way. 

The series of responses to each single dose was 
divided into three groups according to base-line 
svstolic pressure, the divisions being made at 140 
and ISO mm. The averages of all pressor re- 
sponses and of all depressor responses within 
these groups were compared both in absolute mag- 
nitude and as fractions of the mean systolic pres- 
sures within the groups. The figures indicated 
in Table I for 0.0015, 0.0025. and 0.0040 mgm. 
are typical. It will be seen that while the average 
rise or fall is greater from the higher base line, 
its magnitude, expressed as a percentage of sys- 
tolic pressure, is practically the same in hyper- 
tensives as in those with normal blood pressure. 

Histamine. When a sufficient dose of hista- 
mine dihydrochloride was given the systolic and 
diastolic pressures fell. Frequently a sharp fall 
was followed by a transient rebound to 4 or 6 mm. 
above the previous base line. The depressor re- 
sponse, when present, was found 30 seconds after 
the cessation of the injection, and had disappeared 
in another 30 seconds. It was regularly accom- 
panied by a flush : doses just insufficient to cause 
demonstrable fall in blood pressure were also, 
as a rule, productive of flushing. 



Fig. 3. Frequenxv with Which the Minimal De- 
pressor Dose of Histamine Dihvdrochloride W.as 
Found at \'arious Le\-els in Subjects CL.^ssI^ED .Ac- 
cording TO Systolic Pressure. 


The least dose at which significant depression 
of the systolic pressure was observed varied from 
0.0010 mgm. to 0.0150 mgm. The frequency 
with which the subjects reacted to the various 
doses is indicated in Figure 3. It is evident that 
on the average histamine produces a fall in blood 
pressure at slightly smaller dosage when the blood 
jiressurc is high than when it is low. The over- 
lap between the hypertensive and non-hyper- 
tensive minimal dose ranges is extensive. 

Scatter graphs, in which the minimal depressor 
dose of epinephrine was plotted against the min- 
imal depressor dose of histamine for the same 
subject at the same sitting, showed no apparent 
relationship. We have not attempted to form any 
conclusions from the magnitude of response to 
histamine because of the extreme rapidiU' of the 
changes and the marked variation of the magni- 
tude of change on even immediate repetition. 

DISCLTSSION 

The differences that we have noted between 
hypertensive and normal individuals in their re- 
sponse to epinephrine and to histamine have in 
no case been striking. For both substances the 
type of response is the same in the one group as 
in the other. The doses at which various re- 
sponses to epinephrine were obtained show only 
slight differences. A slightly more definite dif- 
ference as regard usual size of dose was ob- 
served in the histamine experiments, but there 
was no clear-cut separation of groups on the basis 
of dose required. Differences in magnitude of 
response appear to be insignificant. It is thus 
evident that neither epinephrine nor histamine, in 
the way we have used them, is the ideal vasomotor 
stimulus for the study of hypertensive and “ pre- 
hypertensive ” states. 

The obsen-ed similarity' admits of several inter- 
pretations. It is possible that the effects of both 
are so complicated by cardiac, peripheral vascular, 
pulmonic vascular, and nervous factors as to make 
the blood pressure changes they produced value- 
less as measures either of vasomotor irritability or 
of vascular tonus. It may be that the method is 
too gross to detect small differences in irritability 
or tonus. Furthermore, it is possible that the 
mechanism of blood pressure changes after such 
stimulation is different from the mechanism of 
blood pressure regulation under ordinary condi- 
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tions. Finall}^ it is possible that the vasomotor 
irritability is actually measured in a rough way, 
but that the irritability of the hypertensive indi- 
vidual is essentially the same as that of the nor- 
mal. Lacking adequate evidence as to the mecha- 
nism of the blood pressure changes, particularly 
of the depressor responses to epinephrine, we have 
not attempted to decide the cause of the major re- 
semblances and minor differences in the reactions 
of normals and of hypertensives. 

SUMMARY 

The blood pressure changes were observed in 
normal and in Itypertensive subjects following the 
intravenous injection of varying doses of epi- 
nephrine and of histamine. Hypertensive sub- 
jects reacted to these substances in the same gen- 
eral way as did those with normal blood pressure. 
With minor variations the doses of epinephrine 
required to produce effects in the normals were 
about the same as those required to produce the 
same effects in hypertensives. The blood pres- 
sure changes after epinephrine injection were ap- 
proximately equal when expressed as a percent- 
age of systolic pressure. Hypertensives reacted 


on the whole to slightly smaller doses of histamine 
than normals. 
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Because of the anatomical similarity of the le- 
sion in the lung, diseases caused by different tj-pes 
of pneumococci have been described together as a 
single disease. The difference in the severitj' of 
pneumonias due to different tr-pes of pneumococci 
was recognized in the monograph of Averj', 
Chickering, Cole and Dochez ( 1 ) . Prior to stud- 
ies made possible by the Cooper classification of 
the pneumococci, most physicians believed that the 
pneumonias due to pneumococci of Group IV 
(Aver^’) were less severe than the recognized 
Types I, II and III. 

The specific ttpes of pneumococci are serologi- 
cally distinct though most of them cannot be dis- 
tinguished by differences in colony form or cell 
morphology. They are distinguished by means of 
the specific reaction with antibodies produced in 
rabbits or horses. Our studies have now pro- 
gressed to a point where the number of cases 
each due to a single tjpe of pneumococcus is suf- 
ficiently numerous to warrant a tentative state- 
ment of the kind of clinical reaction or disease 
caused by certain of these types. 

Types behave differently in age incidence, blood 
invasiveness, complications and severity of illness, 
and in the character of the consolidation as in- 
ferred from the physical signs and radiograms. 
In some instances the general picture may be so 
definite that the type of invading pneumococcus 
has occasionally been correctly suspected or 
guessed before an examination of the cultures 
had been made. 

^ Read before the Section of Medicine, New York 
Academy of Medicine, October 16, 1934. 

- Our appreciation is expressed to loj-al coworkers. 
Serum was produced through a grant from the Altman 
Foundation, Inc., and the children were studied, in i)art, 
through financial assistance from the Commonwealth 
■ Fund. The Metropolitan Life Insurance Company as- 
sisted this study. We are grateful to Miss Cooper for 
checking the correctness of tj-ping, in cultures sent to 
her. 


We are about to describe the pneumonias due 
to Pneumococcus Tj-pe XIV of whose origin Miss 
Cooper says : 

“ After the differentiation of Types IV to 

XIII, a number of strains hitherto unclassified 
were selected for the production of additional 
antisera (in rabbits) for typing, among which 
were strains isolated from: 

Patrick Thompson: Age 39, Harlem Hos- 
pital, November 26, 1928, severe illness; re- 
covered. Strain from positive blood culture 
November 28, 1928. 

Catherine Murray: A child. Harlem Hos- 
pital. December 23, 1928. Died. Strain 
from positive blood culture December 23, 

1928. 

Clark: Age 2%. Bellevue Hospital, January 
5, 1929, Moderately severe illness; recov- 
ered. Strain from throat swab January 5, 

1929. ” 

“When agglutination tests were carried out 
with these antisera and the v^arious stock strains, 
the three strains above mentioned were found to 
be snrular and these, along with other strains ag- 
glutinated by these antisera, were termed Tv'pe 

XIV. ” 

Frequency of occurrence. This study is prin- 
dpall}' based on our experience with 127 cases of 
pneumonia due to Pneiunococcus Tj'pe ob- 
served at Harlem Hospital in the lustrum from 
July 1, 1928 to June 30, 1933. The adults (43 
patients older than trvelve 3 -ears) were observed 
on our Pneumonia Service, and the children (85) 
on the Pediatric Service through the generous 
permission of Dr. Morris Gleich. 

Pneumococcus Tv-pe XIV is one of the most 
frequent invaders of children, causing 16.1 per 
cent of the 547 pneumococcus pneumonias in our 
series. Among 2546 adults suffering from pneu- 
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mococcus pneumonia it was the cause in 2.6 per 
cent. Raia, Plummer and Shultz (2) found Type 
XIV in 20 of 182 cases of pneumonia in children 
at Bellevue Hospital, with 10 per cent deaths; 15 


females. Among 43 adults, 31 were males. This 
also occurs among children (among 85 children 
attacked, 46 were males) and even among the in- 
fants under one year of age; among 51 infants 
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Fig. 1. Pneumonia Due to Pneumococcus Type XIV. 


Annual incidence of cases and outcome in each of six years. Children and adults separately. 


of the cases were in children under three years. 
Nemir (3) who continued their obsert’ations, had 
68 cases of Type XIV among 276 children, with 
a mortality of 18 per cent in infants under two 
years. Kereszturi and Hauptmann (4), at the 
Fiftli Avenue Hospital, found a 15 per cent inci- 
dence of Type XIV among children ; they had 17 
cases with 3 deaths (17 per cent). 

Sc.x- and age. Pneumococcus Type XIV, like 
other pneumococci, attacks many more males than 


attacked, 32 were males. Among children the 
pneumonias occurred most frequently in the first 
year. (See Figure 3.) 

In Figure 2, which contrasts, in the five an 
one-half year period from July 1, 1928 to Deccm 
her 31, 1933, the frequency of Type I and T>pc 
XIV by year of age, it is shown that before pn 
berty Pneumococcus Type I and Pneumococcus 
Type XIV are about equally frequent, and to- 
gether they cause about 31.3 per cent, of 1 
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pneumococcus pneumonias in children. Tiiere is Among adults. Type XIV is increasing in fre- 
a marked difference in their selection, however; quencj' among our cases, as may be seen in the 
whereas Type XIV causes one-fifth of the pneu- Figure 1 which presents the cases separately for 
mococcus pneumonias during the first three years, each of six years. Last year there were 23 cases. 


Years 



O 5 1Q 15 20 25 X) Z>5 ^ 4‘S S3 

PERCENTAt^E INCIDENCE 

Fig. 2. Comparison of Percentage Incidence of Type I and Type XIV by Year of Age Among 547 

Pneumococcus Pneumonias in Children. 

July 1, 1928 to December 31, 1933. 


after age six it occurs less frequently than 
Type I. The childhood mortality for Type XIV 
is much greater than for Type I. For Type I it 
is 6.4 per cent; for Type XIV, 16.1 per cent. 
Children of four or five years of age either meet 


new exposures in the street, the day nursery and 
the school, or have a changed susceptibility which 
latter fact may account for the difference in the 
organism causing the pneumonias. After in- 
fancy Type XIV surrenders its dominance to 
Type I though it does not yield its lead in fatality. 

It is significant that our figures agree with the 


contemporaneous studies of Nemir (3) and 
Kereszturi and Hauptmann (4) in different sec- 
tions of the city, and support Nemir’s conclusion 
that Type XIV is the predominant type for in- 
fants, and Type I the predominant type among 
older children. 


In the lustrum 1928 .to 1933, it produced a high 
mortality and was most frequently encountered 
in the fourth decade where it was especially fatal 
(Figure 4). 

Anatomical form. Lobar pneumonia, as deter- 
mined by localization of the consolidation in a 
single lobe or lobes (usually confirmed radio- 
graphically) was more frequently encoimtered in 
children than bronchopneumom'a (37 among 51) ; 
this occurred even in infants under one year. 
Only three of the 17 instances of bronchopneu- 
monia occurred after the first year (Figure 3). 
In adults all the cases were of lobar type. As 
seen in the radiogram, an entire lobe was usually 
involved and the shadows were not dense The 
interlobar fissure was often sharply outlined on 
the side of the lesion- 

Onset. The onset was not characteristic. In 
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children, vomiting was frequently noted at the much higher incidence, 3 among 20 children (15 
onset. Among 43 adults only three cases had per cent) in their Bellevue series which preceded 



Fig. 3. Distribution of Age Incidence and Mortality. 
Pneumococcus Pneumonias Type XIV (Cooper). Children. 1928-1933. 


neither rigor nor chest pain at the onset. Rigor 
and chest pain ushered in the illness in 24 cases, 
pain in 15 and rigor in 1. With the invasion, 29 
cases had cough, 7 had vomiting, 7 had shortness 
of breath, 14 had headache and 20 fever. The 
onset was preceded by cold in the head in 8 cases, 
and by cough in 7 cases. 

Pleuritic involvement. Pleuritic involvement 
as determined by x-ray or physical signs was ex- 
tremely frequent, occurring in 20 cases out of 85 
children, and in 30 among 43 adults. 

The occurrence of empyema in the adults (3 
out of 43 cases with 3 deaths) is high. The in- 
cidence of empyema in children, in spite of the 
pleural involvement, was not high in our series or 
in that of Nemir. At Harlem Hospital there was 
one empyema among 85 cases, and at Bellevue 
Dr. Nemir reported one empyema among 68 chil- 
dren. Raia, Plummer and Shultz (2) found a 



Fig. 4. Age and Mortalitti' Distributio;-. 

Pneumococcus Pneumonias Type XIV (Coop<^- ) 
Adults. 1928-1933. 
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the studies of Neniir, and Kercszturi and Haupt- 
mann found 3 among 17 children (18 per cent) 
at the Fifth Avenue Hospital, 

Lioip sucltoti. Because the determination of 
t}-pe was frequently accomplished by the routine 
technic of transthoracic lung suction performed 
on our service, we present the cases of pleurisy 
and empyema in a table (Table I) classified into 


more than twice as fatal in adults (69 per cent) 
as in children (28 per cent). The death rate in 
cases where the blood cultures were found to be 
negative is also greater in adults (23 per cent) 
than in children (14 per cent). 

In some instances only broth cultures were 
positive or onlj" a few colonies were present on 
the plates; these cases recovered spontaneously. 


f TABLE I 


Lung luclion in diagnosis of pneumococcus pneumonia Type XIV [Cooper) children end adults, 1928 to 1933 



1 Positive Icne 

1 suctioa cases 

1 1 

1 KeRative lung 

1 suction cases 

Total lung 
suction cases 

1 

Xon-Icng 
suction cases 


Children 

Adults 

Children 

Adults 

Children 

Adults 

1 

Chndrea 

Adults 

Total cases i 

26 

13 

13 

6 

39 

19 

13* 

2* 

Total deaths 

4 

5 

3 

1 

7 

6 

33t 

6 

22f 

10 

Percentage of deaths 

15 

38 

23 

17 

18 

32 

13t 

m 

Cases with bacteremia 

2 

5 

2 

2 

4 

7 

m 

3 

45f 

6 

Cases treated with serum 

10 

3 

2 

0 

12 

3 

1 

3 

Cases first typed from lung suction . . 

13 

8 








* Cases with low temperatures, 
t Cases -Rith high temperatures, 
j Based on both groups. 


those which had been and those which had not 
been subjected to this procedure, with the fatali- 
ties for each group. The part that lung suction 
played in the typing is also shorni. In half the 
cases the type was first determined in this way. 
The mortality was not increased by lung suction. 
It seems proper to reject from comparison those 
patients convalescent and with a low temperatme 
by the time the result of the pharyngeal culture 
was returned, and in whom a lung suction was 
accordingly unnecessary' for diagnosis and was 
not done. 

Sputum. The sputum was studied in respect 
to character. It was noted that thick, prune juice 
and rusty, tenacious sputum was associated with 
an unfavorable outcome. 

Blood count. Blood counts varied in no way 
from those in pneumonia of most other types. 

Bacteremia. Bacteremia was found among 8 
of the 85 children and was fatal tw'ice. Thirteen 
among 43 adults had positive blood cultures and 9 
of them died. The incidence of bacteremia was 
more than three times higher in adults (30 per 
cent) than in children (9 per cent). Its influence 
on mortality was very marked. Bacteremia was 


In many cases, cultures were positive in broth 
only' and colonies did not appear on the plates in 
later cultures. In some cases there was an in- 
crease in colonies which frequently' became over- 
whelming in a short time. In one adult, il, L., 
the blood became sterile after 15,000 units of 
spedfic antiserum was administered. In one case 
there were many thousands of colonies for a 
number of days before death. 

Specific immunity. The presence of immunity 
was tested by the presence of agglutinins by the 
stained slide techme. In this study' it was found 
that in 12 patients (adults and children) in whom 
agglutinins were detected, none died; they may 
have appeared spontaneously, have been induced 
by the injections or have been passively' tran'=- 
ferred in them. Eight children who were given 
serum recovered although agglutinins were not 
demonstrated in their blood during the admin- 
istration of serum or subsequently. One child 
died among 15 children who were not given serum 
and in whose blood agglutinins were not found. 
Among the adults, 2 patients died who had been 
^ven se.^ but in whose blood agglutinins were 
not found. Two of the 7 cases which did not re- 
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veal agglutinins and which were not given anti- 
serum, died. Agglutinins do not appear promptly 
in the blood after intramuscular injections of anti- 
serum. 

Associated oyganisvis. Rarely, a pneumococcus 
of different type may be associated with Type 
XIV, or Type XIV may be present in the throat 
swab without pathologic sigirificance. In charg- 
ing responsibility we have given precedence to 


namely. Types R’, VIII and IX were encoun- 
tered. In one instance. Staphylococcus albus was 
present and recovered postmortem from an ab- 
scess in the lung with this pneumococcus. In 
children. Dr. Nemir had an experience with Type 
XIX similar to ours. This type was found in the 
throat swab culture of a child but was not the 
cause of its illness. This was revealed by a sub- 
sequent empyema due to Type XIV and by the 



Fig. 5. Day of iTermination and Outcome. 

Pneumococcus Pneumonias Type XIV (Cooper). Serum and Non- 
serum. Children. 192S-1933. I.M. = intramuscular. C = cured. D = died. 
L.S. = lung Miction. M.H. = mouse heart 


the organisms found in the patient’s blood or aspi- 
rated from the lung through the thoracic wall. 
Pneumococcus Type XIV appearing in the mouse 
heart culture has been given precedence over an 
organism in the mouse peritoneum unless the 
other organism was more numerous in the peri- 
toneum. The organisms which were associated or 
carried in patients who had pneumonia due to 
Pneumococcus Type XIV were Type I in three 
instances, Type VI, a frequent invader of the 
lungs of children and the sinuses of adults, and 
Type XIX, another frequent invader of the air 
passages and lungs of children, which occurred 
twice. In three instances, other pneumococci, 


’ailure of Type XIX serum to change the course 
)f the illness. 

Duration. The duration of the disease may be 
;een by a study of Figures 5 and 6. In the figure 
he day of termination and the outcome are given 
'or cases treated with and without antiserum, 
rhe average (median) duration among children 
vas 12 days, and among adults 8 days. Among 
hildren the illness in the fatal cases lasted, on 
he average, 16 days; the mean duration in the 
atal cases was 7 da)'S. Among the adults, the 
nean duration was eight days among those who 
ecovered and seven days among those who died, 
n one case which recovered the illness lastcc 
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seventeen days, and one patient died on the eight- times. Once, Pneumococcus Type XIV v/as cul- 

eenth day. tured; two of the twelve cases not cultured died. 

Termination. Among 64 adult cases (1928 to Acute gastroenteritis occurred once in a fatal case. 
1934) 40 recovered; of these, 28 (44 per cent) Acute tonsillitis and a Vincent’s stomatitis oc- 
terminated by lysis, and 12 (19 per cent) by curred in children who recovered. Rickets was 
crisis. Among 83 children (1928 to 1933) 15 present in four children. Two of the three in- 
(18 per cent) terminated by crisis, 53 (66 per fants who were greatly malnourished died. Four 

cent) by lysis, and 13 died. children who showed marked anemia and re- 

Complicalions, associated diseases and men- ceived whole blood intramuscularly recovered. 
acing symptoms. The great incidence of menin- A large number of cases required oxygen, 47 



n MiveAcr-cuPED @ Mot/BArr-Dreo 

BACJ~CuKBO ^ BACX-aeD 

Fig. 6. Day of Termikatiox axd OnxcoirE. 

Pneumococcus Pneumonias Type XIV (Cooper). Serum and non-serum. 

Adults. 1928-1933. I. V. = intravenous. M.H. = mouse heart. L.S. = Iung suc- 
tion. C = cured. D = died. 

gitis among the children (3 among 85 cases) is out of 85 (56 per cent) among the children, and 
noteworth 3 \ When pleurisj' was present it added 18 among 43 adults (42 per cent). Delirium and 
to the gravity of the disease. Four of 20 chil- distention occurred frequently. Seven of the 9 
dren, and nine among 30 adults, who had this delirious adults died. Three fatal cases had re- 
symptom died. Pericarditis was fatal whenever quired restraints. Two of the fatal delirious pa- 
it occurred, once in a child and three times in tients had a bacteremia. Five children were dis- 
adults. Pj’arthrosis of the shoulder occurred tended; three of these had an associated anoxia, 
once. An associated fatal B. influenzae menin- and onlj' these three died. Nine of the 15 adults 
gitis occurred once. Pulmonary gangrene result- who were distended were also anoxic; five of the 
ing from an associated Staphylococcus albus lung 9 who were anoxic had a positive blood culture; 
abscess was found postmortem in one instance, these and three others died. Those without ano- 
Among the children, otitis media occurred fifteen xia recovered. Icterus occurred once in a fatal 
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case. Severe hiccough occurred once, with ulti- 
mate recovery. Fatal pulmonary edema was, as 
usual, frequently associated with bacteremia. The 
temperature, pulse and respiration were no dif- 
ferent than in similar severe cases among other 
types. 

In contrast with its virulence for human beings, 
it is significant that none of the cultures of Type 
XIV from children or adults sent to Miss Cooper 
from our service or from Bellevue Hospital have 
so far been sufficiently virulent for white mice to 
permit titration of the potency of therapeutic 
sera by protection tests. 

One thousand to one hundred thousand orga- 
nisms are required for the minimum lethal doses 
of the Type XIV strains thus far examined, 
while two or three organisms of the strains of 
other types used as test cultures in protection 
tests are fatal for mice. 

Electrocardiographic changes. We shall re- 
port elsewhere, with Lowen, the electrocardio- 
graphic findings in 140 patients suffering from 
pneumonias of different types of pneumococci. 
Only two patients, both with pneumonia due to 
Pneumococcus Type XIV, developed, during con- 
valescence, coving of the T wave in Leads I and 
II which was indistinguishable from that found 
in coronary artery disease. 

Description of disease produced by Pneumo- 
coccus Type XIV. We may sum up our observa- 
tions by describing the pneumococcus pneumonias 
due to Pneumococcus Type XIV as a disease 
especially common in very young children, pro- 
ducing usually a lobar pneumonia, even in in- 
fants. Among adults it frequently invades the 
blood, causing a severe disease with pleurisy, 
pericarditis and meningitis. In children it is of 
prolonged duration and, at times, it is rather 
tardy in the production of agglutinins (demon- 
strable by the slide technic). The production of 
the agglutinins is, as in other types, usually of 
good omen. 

Scrum. In view of the very great fatality and 
blood invasiveness of this disease, it seemed de- 
sirable to attempt to produce a therapeutic anti- 
serum. This was produced under the direction 
of Dr. Park at the Bureau of Laboratories of the 
Department of Health, with financial assistance 
from the Altman Foundation and the Littauer 
I'und. Since the beginning in April, 1929, of the 


attempt to produce antisera for Type XIV, twelve 
horses have been allotted to this purpose. The 
difficulty in obtaining antiserum is exemplified 
by the fact that two of the horses died after 
having been injected for four months, one after 
five months and one after ten months. No serum 
suitable for therapeutic use was obtained from 
these horses. Suitable serum^ was obtained from 
two horses which were injected for a period of 
ten months and from two others injected for 
seventeen months. Four horses are being in- 
jected at the present time. Three have been 
injected for ten months and the injections of one 
horse have just been started. Serum for thera- 
peutic use is being collected from two of the 
horses. 

TABLE II 


Serum treatment in adults and children, 
Pneumococcus Type XIV (Cooper) 


From 

1928 to 1933 

Non-serum 

Serum 

Cases 

Deaths 

Per cent 

Cases 

Deaths 

Per cent 

Adults (43) . . . 

Children (85).. 

Total (128)... 

37 

12* 

14 

8* 

38 

67* 

6t 

1* 

2 

1* 

33 

100 

70 

7* 

12 

2* 

17 

29* 

15 

1* 

1 

0* 

7 

0* 

107 

19* 

26 

10* 

24 

53* 

21 

2* 

3 

1* 

14 

50* 

Children from 
July 1, 1928 
to 

July 1, 1934 



i 



Under three 
years (82).. . 

Birth to 12 
months (36). 

Three years 
and over (25) 

63 

5* 

12 

2* 

19 

40* 

19 

2* 

2 

1* 

11 

SO* 

27 

1* 

5 

0* 

19 

0* 

9 

1* 

0 

0* 

0 

0* 

1 20 
2* 

1 

0* 

5 

0* 

5 

0* 

1 

0* 

20 

0* 


♦Asterisk indicates cases with positive blood culture, 
t Including two incompletely treated because of Lc ■ o 
serum — fatal. Only one case (not included) was trea e 


in 1934 — recovered. 

Eleven preparations of concentrated refined an 
tiserum have been prepared. The method o 
concentration used w'as the same as that used or 
Type I antiserum. 

Pending the discovery of a more virulent 
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strain, the potencies of the Type XIV antisera 
are tested by titrations of their precipitin and 
agglutinin content and are calculated in compari- 
son with antisera for other types which have been 
more completely tested. Experience with this 
antiserum has not been sufficiently great to per- 
mit final conclusions as to its value. It has been 
possible to terminate the disease in some of the 
cases by intramuscular injections. The failures 


there were no deaths. In adults, 4 cases ade- 
quately treated, recovered. Two insufficiently 
treated (in one case because the supply of serum 
was exhausted) died. 

The statistics suggest that treatment by anti- 
serum was helpful. Termination of disease oc- 
curred after the administration of sufficient anti- 
serum to effect humoral immunitj-, as shown by 
the demonstration of agglutinins in the blood. 



Fig. 7. Case M. T. Femaee, S Ye.ars of Age. 

Sputum, Type XIV, lung suction Type XIV, blood culture negative. X-ray, pneumonia 
right lower lobe. Distended. O- per nasal catheter. Agglutination remained negative. Solid 
line, temperature ; broken line, pulse rate. 


appear to have been due to insufficient serum. 
When little serum was available the sickest cases 
were chosen; at other times alternate cases were 
given antiserum. The results are seen in Table 
II. In children under three, there were 63 cases 
with 12 deaths (19 per cent) in the controls; of 
the 19 who were treated, there were 2 deaths (11 
per cent) . There were 27 cases under a year who 
did not receive antiserum; 5 died, a mortality of 
19 per cent. In the same age group, 9 cases re- 
ceived antiserum in the thighs or buttocks and 


The following case histories illustrate either the 
normal course of the disease or reveal the fall of 
temperature which occurred, in most cases, at 
the same time that agglutinins appeared when an- 
tiserum was administered either earlj- or later in 
the disease. 

CHIEDHEX 

1. H. G., female, 31^ years. Lobar pneumonia, left 
lower lobe. The temperature was elevated, 103° 
to 105° F., with a rapid pulse (120 to 140) and 
accelerated respiration (40 to 60) for a wcel: 
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prior to admission. In the oxygen chamber the 
fever continued, with a crisis of the temperature 
on the 16th day and of the pulse on the 18th day. 

2. M. T., female, 5 years, lobar pneumonia, right lower 
lobe; distended. Temperature 104° to 105° F., 
pulse 120 to 170, and respirations 40 to 50. Type 
obtained by lung suction. Critical termination of 
fever came on the fourth day after administration 
of seven injections each 5000 units of serum into 


phlebitis left tibial veins developed on eleventh day. 
Death occurred on twelfth day. 

4. F. F., male, 35. Bacteremia. Extensive consolidation 

was present. Death on 5th day. No agglutinins 
appeared. 

5. M. P., female, 40. Right lower lobe involved. Tem- 

perature 104° F., pulse 120. There was a critical 
termination after three intravenous doses of 5000 
units of antiserum, four hours apart, on the sixth 
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Fig. 8. Case N. S. Female, Age 11 Months. 

Marasmus. O.- per nasal catheter. Radiograph negative. Fluoroscopy— increased hilum 
shadow and slight opacity left base. Lung suction Pneumococcus Type XIV, laryngeal cul- 
ture Type XIV, blood culture negative. Solid line, temperature; broken line, pulse rate. 


the buttocks at three hour intervals. No aggluti- 
nins appeared. (See Figure 7.) 

3. N. S., female, 11 months, marasmus. Admitted on 
the first day. Treated on the second day. Tem- 
perature 102.6° to 104° F. Respirations 64. Crisis 
came on the third day, with agglutination on 
the fourth day. Type was obtained by lung suc- 
tion. Slight opacity was noted with fluoroscope. 
This child received two intramuscular injections 
(5000 units) twelve hours apart on second and 
third day. (See Figure 8.) 

ADULTS 

1. E. C., male, 30. Right upper lobe involved. Aggluti- 

nation appeared on the fifth day. Temperature 
became normal on sixth day. Type obtained by 
lung suction. No serum given. 

2. M. N., female, 37. Left lower lobe. Agglutination 

evident on se%-enth day; became stronger on ninth 
day, when the temperature fell to normal. 

3. F. H., male. 45. Temperature had fallen before ad- 

mission. Strong agglutination was present on 
tenth day. .-Xuricular fibrillation, and thrombo- 


day. Agglutinins were not demonstrated. Pneu- 
mococcus Type XIV was recovered from sputum 
and lung suction. 

The death of one child was due to anaphylactic 
shock from the administration of a 5 cc. dose of 
antiserum given into the jugular vein. We are 
satisfied that this is an excessive initial dose o 
serum by vein for children. We now limit the 
initial intravenous dose of serum in children to 
1 cc. or we use it intramuscularly. In adults the 
antiserum for Type XIV pneumococci seemed to 
produce more reactions when given intravenous ) 
than antiserum for other types with which we arc 
now making obsen'ations. 

In view of the frequency, the prolonged 
tion, the relatively high mortality rate ^ 

in the bacteremias among adults) of Type 
infections, and the suggestive results achicvcc m 
treatment by specific antiserum, it seems impoc 
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tant to produce and administer antiserum and to 
attempt to increase its potency and to endeavor 
to refine it. . 

SUMMARY 

To summarize. Pneumococcus Tjiie XIV is a 
■\irulent organism for human beings, selecting by 
preference infants and young children, in whom 
the pneumonias are usually of long duration. It 
has increased in frequency among adults ad- 
mitted to our ser\-ice; in these subjects it is espe- 
dally prone to inrade the blood and to prove fatal. 
It apparently involves the pleurae pericardium 
and meninges with greater frequency than many 
other t\-pes of pneumococci. Upon recover}’, 
agglutinins appear. Protective antibodies, in- 
cluding agglutinins, can be transferred from 
horses injected with this pneumococcus. In many 


of our cases there was evidence that when suffi- 
cient antiserum was given there occurred defer- 
vescence and earlier recovery’. 
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Close assodation between aberrations in the 
function of the thyroid gland and disturbances in 
the physiologj- of the cardiovascular system has 
long been recognized. Because of the frequent 
occurrence of evidences of heart disease in pa- 
tients with thyroto.xicosis many investigators have 
studied the cardiac minute volume output and 
other aspects of the drculation in this disease. 
In hypoth}Toidfsm, on the other hand, evidences 
of disturbed cardiov'ascular function are less 
prominent, and the cardiac output accordingly has 
been less thoroughly investigated. 

In 1925, Means (1) reported marked diminu- 
tion in the cardiac minute volume output in two 
cases of myxedema studied by Field and Bock. 
Two years later, Mobitz (2) observed a decrease 
in the cardiac output in one patient with m}'xe- 
dema, and Kininmonth (3) likewise observ-ed a 
decrease in two additional cases. The results of 
the two latter observers are difficult to interpret, 
since the validity of the original ethyl iodide 
method (4) which they utilized has been ques- 
tioned. Several years later, Bans! (5) (6) using 
the methods of Douglas and Haldane (7) and of 
Grollman (8), also found decreased cardiac out- 
put in three patients with m 3 rxedema. 

The recent work of Blumgart and his associ- 
ates (9) (10) (11) in establishing the value of 
total ablation of the normal thyroid gland in the 
treatment of chronic intractable heart disease 
made it advisable to study the cardiac output and 
related aspects of the circulation in hypothyroid- 
ism induced by this operation. 

MATERIAL AND METHODS 
Observations have been made on seven patients in 
whom h}-po thiToidism developed subsequent to total abla- 

paper is numher XVII of the series entitled 
Therapeutic Effect of Total Ablation of Normal Thy- 
roid on Congestive Failure and Angina Pectoris,” 

- This investigation was aided by a grant from the Wil- 
iam \y.^ Wellington ileraorial Research Fund of Har- 
vard University, 


tion of the thyroid gland performed for the reh'ef of 
angina pectoris. Studies were made in two, both before, 
and at different levels of basal metabolism after opera- 
tion; in one other, observations were made at three dif- 
ferent levels of metaboh'sm after operation. Patients 
with no historj- of congestive failure were chosen for 
this study in order to avoid the complicating effect of 
cardiac decompensation on the output of the heart. Four 
subjects were males and three females; the ages varied 
from 53 to 65 years. Several patients showed slight ele- 
vation of the blood pressure; all presented sh’ght to 
moderate sclerosis of the peripheral arteries. The hemo- 
globin in every instance was 90 per cent or above. Stud- 
ies were made only in patients with hypothyroidism who 
could be trained to breathe as deeply and as rapidly as is 
necessary for measurement of the cardiac output by the 
acetylene method. The decreased oxj'gen consuraptioa in 
h}-pothyroidism results in a dimimrtion of the oxygen 
difference between the consecutive gas samples taken for 
analysis. This increases the percentage deviation from 
the average of repeated measurements of the cardiac 
output; it was not possible to obtain reliable results in 
several patients. As indicated in Table I, many patients 
were receiving small doses of dessicated thj-roid gland 
(Armour) at the time of study. 

All measurements were made in the postabsorptive 
state, under basal conditions with the patients in the 
semi-reemnbent position, after a rest of one-half to one 
hour. The basal metabolic rate was first measured in 
duplicate with a Collins Benedict-Roth spirometer and 
calculated according to the Aub-DuBois normal stand- 
ards. The arterial blood pressure was next measured 
using a mercury manometer with the standard cuff. The 
figures in the table represent the averages of several 
readings. The pulse rate was counted twice before each 
measurement of the cardiac output. Two measurements 
of the arteriovenous oxygen difference were made by the 
acetylene method of Grollman (8), three gas samples 
being taken for each meastnement as suggested by Groll- 
man, Friedman, Qark and Harrison (12). The values 
reported represent the average of two or more measure- 
ments made at the same level of basal metabolism. The 
maximum deviation from the average for any one value 
of the arteriovenous oxv-gen difference accepted as reli- 
able was — 7.7 per cent and the average deviation from 
the values reported was —3J per cent. The venous 
pressure was then measured by the direct method of 
Moritz and Tabora (13) and finally the velocity of blood 
flow was estimated, using as an index the "arm to 
tongue” circulation time measured with decholin (14). 
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The figures for the velocity of blood flow are the aver- 
ages of two or more readings which did not differ from 
each other by more than two seconds. In three instances 
the velocity of blood flow was not measured on the same 
day as the cardiac output. 

The cardiac minute volume output was calculated 
from the arteriovenous oxygen difference and the oxygen 
consumption, the latter being estimated from data ob- 
tained during the measurement of the basal metabolic 
rate. The work of the left ventricle was calculated using 
the formula of Evans and Matsuoka (IS), W=:QR 
+ (wVV2g),3 disregarding the velocity component 
wVV2g since it represents only 1 to 3 per cent of the 
total work. 

RESULTS 

Cardiac output and woi'k. The minute volume 
output of the heart , was decreased in all 7 pa- 
tients with hypothyroidism following total thyroid- 
ectomy (Table I, Figure 1). Measurements, 
made when the basal metabolic rates had decreased 
to between minus 25 and minus 37 per cent, re- 

3 "W = work ; Q == cardiac output per unit of time ; 
R = arterial resistance (mean blood pressure X 13.6) ; 
V = velocity of blood in aorta ; w = weight of blood ; 
g = acceleration due to gravity. 


vealed cardiac indices (cardiac output in liters per 
square meter of body surface) of only 1.1 to 1.4 
(Figure 1) as compared to the normal values of 



BASAL METABOLIC RATE 
% Deviation from Averoge Normol 


Fig. 1. Relation Between the Basal Metabolic Rate 
AND THE Cardiac Index. 

The dots indicate measurements made on various pa- 
tients at a single low level of metabolism. Measure- 
ments at various levels of metabolism in three patients 
are indicated by the circles, and open and closed triangles. 


TABLE I 

Cardiac onlpuS and reJaled observalions in hypothyroidism 


Case 

Age 

Height 

Weight 

B. M.R.: 
deviation from 
normal 

Oxygen 

consumption 

Arteriovenous 

oxygen 

difference 

Cardiac minute 
volume output 

Cardiac index 

Pulse rate 

Cardiac output 
per beat 

Blood velocity 

Venous pressure 

Arterial pressure, 
systolic 

Arterial pressure, 
diastolic 

Vital capacity j 

Work per minute 

C3 

d 

t-, 

a 

Q. ; 

o 

{:: 

Remarks 

i 

years 

inches 

pOUTldl 

j per cent 

cc. per 
minute 

returnee 
per cent 

liter! 


per 

minute 

1 

CC. 

iccond! 

1 

cm. 

IhO 

1 

mm. 

Hg 

' mm, 
Hg 

CC, 

^'kilogram- 

meteri 

prom- 

meters 



Cases studied after total thyroidectomy 


1. M.P... 

2. R.S.... 

53 

58 

C2i 

595 

137 

139 

-37 

-28 

133 

138 

5.85 

0.7 

2.3 

2.1 

1.4 

1.3 

55 

05 

41 

32 

32 1 

j 


130 

186 

86 

no 

3000 

1500 

3.3 

4.1 

01 

« 

4 months after opcrati 9 n 

11 months after operation 
Thyroid 1/10 grain daily 

3. T.C... 

05 

70 

178 

-30 

160 

0.35 

2.5 

1.2 

46 

55 

21 

4.1 

138 

90 

3750 

3.9 

85 

lOJ months after operation 
Thyroid l/IO firain daily 

4. GvO... 

1 

05 

095 

IW 

-35 

107 

i 

6.5 

2.0 

1.3 

58 

44 

10 

0.9 

120 

70 

2350 

3.4 

59 

14 months after operation 
Thyroid 1/10 grain daily 


Cases studied before and after total thjToidcctomy 


5. R.B... 

57 1 

COi 

104 

-11 

184 

5.00 

3.7 

2.1 

03 

54 

18 

0.0 

160 

100 

1900 

0.5 

05 

162 

-25 

150 

6.07 

2.3 

1.4 

60 

39 

23 


140 

82 


3.4 

57 




ICS 

-22 

163 

6.20 

2.6 

1.5 

09 

38 



140 

80 

1700 

3.9 

57 

6. M.S... 

57 

58 

107 

- 3 

103 

5.93 

2.7 

2.0 

73 

33 

17.5 

8.0 

100 

90 

1350 

4.7 

01 

113 

—22 

135 

0.23 

n 2 

1.5 

74 

29 

21 

7.7 

104 

[ 102 

i 1550 

3.9 

53 




124 

-34 

118 

0.95 

1.7 

1.1 

I 

03 

27 

1 

i 

8.9 

150 

94 

1500 

2.8 

45 


Before operation . 

6 weeks after operation 
4 months after operation 
Thyroid 1/5 prain daily 
Before operation 
4 montlis after oi>craticn 
No thyroid for 5 weeks 
No thjToid for 7 weeks 


Case studied at various levels of basal metabolic rate after operation 


7. S.F.... 

53 

04.5 

103 

153 

-34 

-15 

154 

193 

G.05 

5.S5 

'f 2 

53 

1.2 1 
1.9 

56 

79 

40 

42 

31 1 
22 


no 

116 

00 

85 

2109 

2700 

3.0 1 

4.5 

Co 

4 months after 

5 months after 

Thyroid 1 prain. U-d.. 




1C3 

-29 

105 

6.35 

2.6 

1 

1.4 

76 

34 

37 

3.1 

10) 

70 

2500 

j 

42 

9 months after o;eTatinn 
Ti^yToid J rain every 3 days 
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2.2 ±: 0.3 (16). The work of the left ventricle 
TOS correspondingly diminished. 

The findings in Cases 5 nnd 6 studied both be- 
fore and after operation, and in Case 7 studied at 
different levels of metabolism after operation 
indicate that as the basal metabolic rate falls, the 
minute volume output of the heart decreases pro- 
gressively more rapidly than the ox>’gen con- 
sumption. 

Arteriovenous oxygen difference. An increase 
of arteriovenous oxj'gen difference became evi- 
dent at low levels of metabolism (Table I, Figure 
2). The disproportionate decrease in the cardiac 



Fig. 2. Relation Between Arteriovenous Oxygen 
Difference and the Basal Metabolic Rate in Three 
Patients Studied at Various Levels of Basal Me- 
tabolism. 

output noted above is associated with this pro- 
gressive increase in arteriovenous oxj’gen differ- 
ence (Cases 5, 6, and 7, Table 1).“ 

Velocity of blood flow. The velocity of blood 
flow was usually decreased when hypothyroidism 
had developed (Table I). In Cases 3 and 4 the 
velocity of blood flow was not appreciably less 
than normal although the cardiac output was strik- 
ingly decreased. In some instances, therefore, the 
velocity of blood flow did not reflect accurately 
the work of the heart. 

Venous pressure, arterial pressure, and vital 
capacity. The venous and arterial blood pressure 

* Drs. T. R. Harrison and Harold J. Stewart have each 
studied one case after total thyroidectomy and have also 
observed this change ;n the arteriovenous oxygen differ- 
ence. (Personal communications.) 


and vital capacity showed no significant changes 
after total thyroidectomy (Table I). 

DISCUSSION 

Starr, Collins, and Wood in 1933 (17) demon- 
strated S*high coefficient of correlation betiveen 
the cardiac output and oxygen consumption in 
normal persons under basal conditions. The re- 
sults of the present study in patients with hypo- 
thyroidism indicate, however, that as the basal 
metabolic rate falls, the minute volume output of 
the heart decreases progressively more rapidly 
than the oxygen consumption. This dispropor- 
tionate decrease in cardiac output in hypothyroid- 
ism is accompanied by an increase in the arterio- 
venous oxygen difference and is in harmony with 
the observations of Field and Bock in two cases 
of spontaneous myxedema (1). 

The increased arteriovenous oxygen difference 
found in hypothyroidism is not to be regarded as 
evidence of heart failure due to “myxedema 
heart.” An increase has in fact been observed 
after total thyroidectomy in patients with con- 
gestive heart failure when the signs of cardiac 
decompensation were disappearing (unpublished 
data). The fact that the venous pressure was 
not increased in the above studied patients with 
marked hypothyroidism is additional evidence 
that the circulatory changes were not due to 
cardiac decompensation. Estimation of the size 
of the heart on x-ray examination before and 
after operation, furthermore, revealed enlarge- 
ment after hypothyroidism had developed in only 
three of the seven patients of this series. The 
factor responsible for the increased arteriovenous 
difference has not been ascertained. Further 
work in this direction is now in progress. 

Calculations from the data obtained in this stud}' 
show that the work of the left ventricle is greatly 
diminished at low levels of metabolism following 
total thyroidectomy. This is in harmony with the 
concept advanced by Blumgart et al. (9, 10, 11) 
that the relief obtained in congestive failure and 
angina pectoris after thyroidectomy is due to 
lowered demands upon the heart in the hypothy- 
roid state. It is significant that the patients 
studied experienced relief of their angina pectoris 
when the v/ork of the heart decreased. Con- 
versely, patients irith spontaneous myxedema may 
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develop angina pectoris when treated with thyroid 
(18). 

In hypothyroidism the marked decrease in 
cardiac output with its associated increase in ar- 
teriovenous oxygen difference results in a dis- 
proportionately greater decrease in left ventricular 
work than in basal metabolism. At very low 
levels of metabolism the rest afforded the heart 
becomes considerably greater than that which 
might be expected from the decrease in basal 
metabolic rate alone. 

CONCLUSIONS 

1. The minute volume output and the work of 
the heart are greatly diminished in hypothyroid- 
ism following total ablation of the normal thyroid 
gland. 

2. The cardiac output decreases progressively 
more rapidly than the oxygen consumption as the 
basal metabolic rate falls in hypothyroidism. This 
disproportionate decrease in cardiac output is ac- 
companied by a progressive increase in the arterio- 
venous difference. 

3. In most instances the velocity of blood flow 
was decreased when the cardiac output was low. 
In some instances, however, the velocity of blood 
flow did not reflect accurately the work of the 
heart. 

4. The venous pressure, arterial pressure, and 
vital capacit}'’ were not significantly altered after 
total thyroidectomy in the patients of this series. 
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IMMUNITY IN DIABETES. 11. RELATIVE IMPORTANCE OF NUTRITIONAL 
STATE AND OF BLOOD SUGAR LEVEL IN INFLUENCING DEVEL- 
OPMENT OF THE AGGLUTININ AFTER TYPHOID VACCINE 

Bv RUSSELL RICHARDSON 

{From the George S. Cox Medical Research Institute, University of Pennsylvania, Philadelphia) 
(Received for publication Februar>' 2, 1935) 


In a previous study it was shown that diabetic 
patients form antibodies in smaller amounts than 
non-diabetic controls (1). In the work demon- 
strating this, tj'phoid vaccine was used as the 
antigen and the agglutinin response was measured 
by Dreyer’s macroscopic method. It was further 
sho^vn that those patients who were in a poor 
clinical condition formed antibody in less amount 
than those whose condition was satisfactory*. 

The diabetic in poor condition presents a pic- 
ture of hy-perglycemia with undernourishment and 
loss of weight. With this there is an alteration in 
the amount and distribution of the body glycogen. 
It seemed, therefore, that a study of antibody 
formation in animals which, while not diabetic, 
were on the one hand undernourished, or on the 
other hand hyperglycemic, might aid in determin- 
ing the significance of these factors in the de- 
creased antibody formation of the diabetic.. ✓ 

METHODS 

Normal adult rabbits, weighing about three 
kilograms, were used for these experiments. The 
antigen selected was standard B. typhosus vaccine. 
Two doses, of 0.1 cc. each were given intraven- 
ously one week apart, except in Experiment Num- 
ber 2, in which 0.4 cc. was given. The intra- 
venous method of inoculation was used in order 
to avoid variations in absorption. Blood for ag- 
glutination tests was taken before each experiment 
and one week after the second dose of vaccine. 
Dreyer’s macroscopic method was used for meas- 
uring the agglutinative titre of the serum in which 
agglutination occurred. In none of the rabbits'' 
did the blood show any agglutinative titre before 
the vaccine was given. Undernourishment was 
induced by feeding an insufficient diet, and hy*perl 
glycemia by the subcutaneous injection of epit 
nephrine. Blood sugar determinations were done' 
by the Benedict method. — 

In each of the under-feeding experiments the 


rabbits were weighed and divided into two groups. 
In the control group they were fed throughout the - 
experiment the standard diet of the laboratory 
with the addition of carrots, beets, and oats 
amounting in all to double the basal caloric re- 
quirement. In the other group the rabbits were 
fed, throughout the experiment, the same variety 
of food reduced in amount, however, so that they* 
received one half of the basal caloric requirement. 
After one tveek on these diets the animals were 
weighed and given the first dose of B. typhosus 
vaccine. One week later the same dose of vac- 
cine was repeated. One week after this injection, 
blood was taken for measurement of the ag- 
glutinative titre. During this time the tmder-fed 
rabbits lost an average of 4/^ .grams in weight. 
The control rabbits, on the other hand, maintained 
their previous weight, or in some cases increased 
slightly. Determinations of the concentration of 
glycogen in liver tissue were made as a further 
check on the state of nourishment. 'Liver tissue 
was removed imder nembutal ' anesthesia from 
some animals in each group. The method used is 
a modification of the method of Cqri, using cold 
KOH, as described by Evans (2). The under- 
fed rabbits had between 0.7 per cent and 2.0 per 
cent of glycogen in the liver, while the control 
am'mals had between 4.2 and 9.2 per cent. The 
results of these experiments are given in Table I. 
There was a marked difference in the appearance 
of the well and of the poorly fed rabbits after 
each dose of vaccine. The former showed no 
symptoms following the vaccine, even continuing 
to eat normally.- The latter, however, were defi- 
f nitely ill, and in ail except one experiment one or 
>more of these rabbits died within trventy-four 
hours after an injection. In Experiments Num- 
ber 2, 5 and 6 there was a definitely* smaller 
amount of antibody formed by* the poorly nour- 
ished rabbits. \ In Experiment Nrunber 4, while 
the difference is not so clearly* ev*ident, there v.*as 
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TABLE I 

Effect of restricted diet co7npared with that of liberal diet 
on the agglutinative titre developed after intra- 
venous typhoid vaccine 


Experi- 

ment 

Rabbits fed low caloric diet: 
one-half basal requirement 

Rabbits fed high caloric diet: 
twice the basal requirement 

num- 





ber 

Rabbit 

Agglutinative 

Rabbit 

Agglutinative 


number 

titre 

number 

titre 

2 

232 

died 

248 

1/10240 


244 

1/160 

249 

1/5120 


245 

died 

250 



246 

1/2560 




247 

died 



4 

269 


252 



267 


251 

1/5120 


266 

1/640 

248A 

1/5120 


262 

1/160 

264 

1/160 


2S0B 

1/1280 

253 

1/5120 


249A 

1/2560 

265 

1/320 


268 

1/320 

256 

1/5120 

5 

186A 

died 

182A 

1/10240 


191A 

1/5120 

180A 

1/10240 


187A 

died 




183 A 

1/2560 



6 

188B 

1/1280 

248B 

1/20480 


273B 

1/2560 

275B 

1/10240 


272B 

died 





Glycogen content 


Glycogen content 



of liver 


of liver 



per cent 


per cent 

2 

232 

0.7 

248 

9.1 


244 

1.7 

249 

8.4 


245 

0.9 

250 

4.2 


246 

2.0 




247 

I.l 



6 

188B 

0.7 

248B 

9.2 


273B 

1.6 

256 

8.8 


a probably significant difference between the re- 
sults in the two groups. The average of the 
logarithm of the titre for the undernourished rab- 
bits in Experiment Number 4 is 2.6 ±: 0.22 and 
that for the well nourished is 3.2 ±: 0.19 giving 
a difference of 0.6 ±: 0.29. 

In Table II are shown the results of a slightly 
different experiment. Here one group of rabbits 
received six intravenous injections of 8 cc. of 25 
per cent solution of glucose at hourly intervals 
immediately before the vaccine was given. The 
control group received normal salt solution in 
place of the glucose solution. One cc. of vac- 
cine was given intravenously, and the same pro- 
cedure, administration of glucose followed by vac- 
cine. was repeated one week later. Dlood fo» ag- 


TABLE II 

Effect of regular diet compared with that of liberal diet 
reinforced with glucose on the agglutinative litre 
developed after intravenous typhoid vaccine. 

E.vperhnent Nmnber 1 


Rabbits without glucose 
and with regular diet 

Rabbits with glucose and 
high caloric diet 

Rabbit 

Agglutinative 

Rabbit 

Agglutinative 

number 

titre 

number 

titre 

183 


180 

1/40960 

184 

died 

181 

died 

185 

died 

182 


188 

1/20480 

186 


189 

1/20480 

187 

1/81920 


glutination test was taken one week after the 
second dose. During the experiment the rabbits 
which received normal salt solution were given 
the regular laboratory diet, while those which had 
glucose received such food as carrots and oats in 
larger quantity. One rabbit in the latter group 
died following the vaccine while two in the con- 
trol group died. In this experiment also the ani- 
mals with the greater caloric intake consistently 
formed more agglutinin than did the others. 

It appears from these experiments that animals 
which are well fed are better able to form antibody 
than those which have a lower caloric intake. | 

In the experiments on hyperglycemia the rabbits 
were fed a full diet, the same as that given to the 
control rabbits in the first group of experiments 
described. In each experiment they were divided 
into two groups, one receiving epinephrine injec- 
tions, the other acting as controls. Both groups 
were given B. typhosus vaccine, and blood was 
taken for agglutination as in the former experi- 
ments. Two injections of 1.0 cc. each of 1-1000 
solution of epinephrine were given to the epi- 
nephrine group subcutaneously daily at 9 a.m. 
and 4 p.m. for seven days before the first dose of 
vaccine and continuously throughout the experi- 
ment. Two rabbits out of thirteen which re- 


ceived epinephrine died before any vaccine was 
given them. The vaccine was given one hour 
after the 9 o’clock epinephrine injection so that 
the blood sugar was between 240 and 410 mgm. 
per 100 ml. of blood at the time. Blood for 
sugar determination was taken at intervals up to 
Sve hours after the injections of epinephrine and 
tvas found to contain from 150 to 253 ingm. of 
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sugar per 100 ml. of blood. There was consider- 
able variation in the eftcct of the epinephrine on 
the blood sugar of different animals, but on the 
whole it appeared that hyperglycemia was present 
for from seven to fourteen hours in each day. 

The results of these experiments are shown in 
Table III. There was no significant difference 

TABLE in 

Effect of hypcrglycev.ia induced by repeated subcutane- 
ous injections of epinephrine on the agglutinative 
litre developed after intrervenous typhoid 
^•aeeinc 


Erperi- 

ment 

nutu- 

ber 

Rabbits xrith 
byp«^lyccrnia 

Rabbits corraai 

blood su^ar 

Rabbit 
nun: her 

AKsIutinntive 

titre 

, Rabbit 
number 

1 AfKlutinative 
litre 

3 

252C 

253C 

1/20480 

1/40960 

25IC 

I 2S6C 

1/20480 

1/40960 

6 

250B 

1/10240 

i 

248B 

275B 

1/20480 

1/10240 

7 

294 

20 

23 

1/20480 
1/5120 
1/5120 j 

291 

22 ! 

1/20480 

1/40960 

8 

25 

27 

28 
296 
298 

died 1 

1/10240 
1/5120 
1/10240 
1/320 

26 

31 

1/2560 

1/10240 


betW'een the agglutinative titres of the two groups. 
It would seem from these e.xperiments, therefore, 
that h3’perglycemia maintained by repeated injec- 
tion of epinephrine has little or no effect on the 
amount of antibodies appearing in the blood. 

In a previous investigation we determined the 
abilit}' of the diabetic to form antibodies as com- 
pared with that of the non-diabetic, by making 
agglutination tests on 41 diabetics and 39 non- 
diabetics following t}’phoid vaccine given accord- 
ing to the usual method (1 ) . A reexamination of 
our records of these experiments shows that from 
2 to 4 blood sugar determinations were made on 
each patient during the period of the inoculations. 
Eighteen patients developed an agglutinative titre 
of 1/5,120 to 1/20,480; 18 other patients ag- 
glutinated the antigen in dilutions of only 1/80 to 
1/1280. In the high titre group the blood sugar 
determinations varied from 100 to 360 mgm. per 
100 ml. with an average of 204 ± 22 mgm. In 


the low titre group the blood sugar varied between 
135 and 348 mgm. per ml. with an average of 
225 ±: 19 mgm. It is ew’dent that those patients 
who developed a low and those who de\’eIoped a ^ 
high agglutinative titre did not essentially differ 
in their blood sugar concentration. 

In the same study (1) the bactericidal power 
was measured by adding the blood of diabetics and 
of non-diabetics to dilutions of from 1/10 to 
1/1,000,000 of broth cultures of B. coli, Pneumo-y' 
coccus. Staphylococcus aureus, Streptococcus '' 
hciiwlyticus and Streptococcus viridans. The kill- 
ing power of the bloods of patients and controls 
%vas compared (see (1) Table II). The results 
from patients with blood sugar under 200 mgm. 
and over 200 mgm. per 100 ml. of blood were 
grouped separately. It was evident that there was 
no significant difference in the bacteriddal power 
of the two groups.* These findings are consistent 
with those reported in this study. 

DISCUSSION 

Antibody formation may probably be taken as^ 
a measure of a part of the defense of the body 
against infection, and a defident antibody forma- 
tion as evidence of disordered cellular metabolism. 
Two features are common to diabetic patients and 
to die under-fed rabbits of these experiments; 
namely, a low caloric intake and a lowered glyco- 
gen concentration in certain tissues. x We cannot 
assert that the impairment in cellular metabolism 
which leads to the defident antibody formation is 
the same in these under-fed. rabbits and in the 
diabetic. However, inasmuch as hyperglycemia 
per se had no significant influence on the antibody 
formation, whereas the state of nutrition appar- 
ently did, it is suggested that the susceptibility to 
infection on the part of the diabetic is due to a 
disordered cellular nutrition closely assodated 
with the diminution of cellular glycogen reserve. 

CONCLUSIONS 

Under-fed rabbits with depleted liver glycogen 
developed definitely lower agglutinative titre after 
typhoid vaedne than did well-fed controls with 
higher liver glycogen. Hyperglycemia main- 
tained by repeated doses of epinephrine had no 
significant influence on the agglutinative titre de- 
veloped in rabbits after Uyihoid vaedne. These 



RUSSELL RICHARDSOJN’ 


results are discussed in relation to observations 
on diabetic patients that no correlation was ob- 
served in diabetics between fasting blood sugar 
concentration and either the agglutinative titre 
developed after typhoid vaccine or the bactericidal 
power of the diabetic blood. 

It is suggested that the state of cellular nu- 
trition is more important than the level of blood 
sugar in determining the antibody response. 
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There is now considerable cUdence that simple 
carbohydrates are not secreted in significant 
quantities by the renal tubules of the vertebrates. 
This evidence is direct and unequivocal in the case 
of the aglomerular fish; inability to e.xcrete glu- 
cose has been demonstrated in Lophhis and 
Opsanus, and lactose in Opsanus, bv Marshall 
(1930, 1934) ; xj'lose is not excreted by Opsanus 
(Jolliffe (1930)), nor by Lophius from plasma 
concentrations ranging as high as 400 mgm. per 
cent (Clarke and Smith (1932)) ; nor is sucrose 
excreted by this fish from plasma concentrations 
ranging as high as 1060 mgm. per cent (Smith, 
(1935)). To this evidence may be added the 
more recent observations that both Lophius and 
Opsanus are incapable of secreting the polysac- 
charide inulin (Richards, Westfall and Bott 
(1934); Shannon (19346)). In other animals, 
including the mammals, the evidence against se- 
cretion of carbohydrates is indirect. In the nor- 
mal glomerular dogfish, the simultaneous clear- 
ances of xj'lose and sucrose are identical within 
the error of the experimental methods used for 
the determination of these sugars (Shannon 
(1934a)), while in the phlorizinized dogfish these 
clearances agree with the simultaneous glucose 
clearance (Clarke and Smith (1932) ; Shannon 
(1934o)). Investigators in this laboratory have 
repeatedly found in the normal dog that the 
simultaneous clearances of xylose and sucrose 
(and, in a limited series of observations, raffinose) 
are ^ essentially identical (Jolliffe, Shannon and 
Smith (1932a, 19326) ; Shannon, Jolliffe and 
Smith (1932) ; Pitts (1933, 1934), and Shannon, 
quoted by Smith (1935)), although this dose 
identity has not been observed by White and 
Monaghan (1933) in the dog, nor by Cope (1933) 
in the rabbit. The simultaneous clearances of 

^ The experimental observations recorded here are en- 
contribution of the junior author, and are 
° cr in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 


.xj’lose and sucrose in normal man differ, accord- 
ing to Keith, Power and Peterson (1933), by 12 
per cent, and according to Chasis (see Smith 
(1935)) by 8 per cent. In phlorizinized man 
the glucose, xt-lose and sucrose clearances agree 
within a few per cent (Chasis, Jolliffe and Smith 
(1933)). If we postulate secretion of any de- 
tectable fraction of these substances, coinddence 
would have to be invoked to explain the identitv 
of clearances in normal animals. And a further 
and still less probable coinddence would have to 
be invoked to explain why phlorizin brings the 
glucose clearance up to essential identity* rvith the 
clearances of the non-metabolized sugars in forms 
showing such diverse renal function as dogfish, 
dog and man. 

We fully recognize the inadequaej* of reasoning 
from the aglomerular fish to the mammal (even 
excluding the cogent bearing of that evidence upon 
the dogfish), but when we combine this evidence 
with the evidence available in normal and phlori- 
zinized dog and man, we belie\-e the condusion'is 
well justified that the mammalian Iddnev is 
more able to secrete these substances thaii is t^ 
aglomerular fish kidney. (MTiether substance! 
containing a carbohydrate compIe.x behave ’ 
manner similar to the simple carbohvdralel" * 
under investigation.) I, is recogmsed; ho^ereT 
that the reasomng is inferential; it i, ’ 
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There is now considerable evidence that simple 
carbohydrates are not secreted in significant 
quantities by the renal tubules of the vertebrates. 
This evidence is direct and unequivocal in the case 
of the aglomerular fish; inability to excrete glu- 
cose has been demonstrated in Lot>hius and 
Opsamis, and lactose in Opsamis, by Marshall 
(1930, 1934) ; xj-lose is not excreted by Opsamis 
(Jolliffe (1930)), nor by Lopliius from plasma 
concentrations ranging as high as 400 mgm. per 
cent (Clarke and Smith (1932)) ; nor is sucrose 
excreted by this fish from plasma concentrations 
ranging as high as 1060 mgm. per cent (Smith, 
(1935)). To this evidence may be added the 
more recent observations that both Lophius and 
Opsamis are incapable of secreting the polysac- 
charide inulin (Richards, Westfall and Bott 
(1934); Shannon (1934&)). In other animals, 
including the mammals, the evidence against se- 
cretion of carbohydrates is indirect. In the nor- 
mal glomerular dogfish, the simultaneous clear- 
ances of xylose and sucrose are identical within 
the error of the experimental methods used for 
the determination of these sugars (Shannon 
(1934(i)), while in the phlorizinized dogfish these 
clearances agree with the simultaneous glucose 
clearance (Clarke and Smith (1932) ; Shannon 
(1934ff)). Investigators in this laboratory have 
repeatedly found in the normal dog that the 
simultaneous clearances of xylose and sucrose 
(and, in a limited series of observations, raffinose) 
are essentially identical (Jolliffe, Shannon and 
Smith (1932a, 1932fc) ; Shannon, Jolliffe and 
Smith (1932) ; Pitts (1933, 1934), and Shannon, 
quoted by Smith (1935)), although this close 
identity has not been observed by White and 
Monaghan (1933) in the dog, nor by Cope (1933) 
m the rabbit. The simultaneous clearances of 

^ ' The experimental observations recorded here are en- 
tirely the contribution of the junior author, and are 
oSered in partial fulfillment of the requirements for the 
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xylose and sucrose in normal man differ, accord- 
ing to Keith, Power and Peterson (1933), by 12 
per cent, and according to Chasis (see Smith 
(1935)) by S per cent. In phlorizinized man 
the glucose, x\-lose and sucrose clearances agree 
within a few per cent (Chasis, Jolliffe and Smith 
(1933)). If we postulate secretion of any de- 
tectable fraction of these substances, coincidence 
would have to be invoked to explain the identit}' 
of clearances in normal animals. And a further 
and still less probable coincidence would have to 
be invoked to explain why phlorizin brings the 
glucose clearance up to essential identity with the 
clearances of the non-metabolized sugars in forms 
showing such diverse renal function as dogfish, 
dog and man. 

We fully recognize the inadequacy of reasoning 
from the aglomerular fish to the mammal (even 
excluding the cogent bearing of that evidence upon 
the dogfish), but when we combine this evidence 
with the evidence available in normal and phlori- 
zinized dog and man, w'e believe the conclusion is 
well justified that the mammalian kidney is no 
more able to secrete these substances than is the 
aglomerular fish kidney. (Whether substances 
containing a carbohydrate complex behave in a 
manner similar to the simple carbohy-drates is 
under investigation.) It is recognized, however, 
that the reasoning is inferential ; it is possible that 
coincidence is operative in the normal animal with 
respect to the excretion of xylose, sucrose and 
raffinose, and that phlorizin, while blocking the 
secretion of xylose and sucrose, blocks at the same 
time the reabsorption of glucose and raises the 
clearance of this substance to the glomerular level. 
(Changes in absolute clearance before and after 
phlorizin constitute an untrustworthy basis for 
argument in this problem, since this drug is apt to 
produce changes in renal activity affecting all 
clearances.) 

But whatever view one takes of the matter of 
secretion, the question of a possible active re- 


393 



RUSSELL RICHARDSON 


results are discussed in relation to observations 
on diabetic patients that no correlation was ob- 
served in diabetics between fasting blood sugar 
concentration and either the agglutinative titre 
developed after typhoid vaccine or the bactericidal 
power of the diabetic blood. 

It is suggested that the state of cellular nu- 
trition is more important than the level of blood 
sugar in determining the antibody response. 

The author wishes to acknowledge with thanks 


the suggestions of Dr. Herbert Fox and the co- 
operation of the, William Pepper Laboratory of 
Clinical Medicine. 
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There is now considerable evidence that simple 
carbohydrates are not secreted in significant 
quantities by the renal tubules of the vertebrates. 
This evidence is direct and unequivocal in the case 
of the aglomerular fish; inability to e.Ncrete glu- 
cose has been demonstrated in Lophius and 
Opsanus, and lactose in Opsaiiits, b\’ Marshall 
(1930, 1934) ; xj-lose is not excreted by Opsanus 
(Jolliffe (1930)), nor by Lophius from plasma 
concentrations ranging as high as 400 mgm. per 
cent (Qarke and Smith (1932)) ; nor is sucrose 
excreted by this fish from plasma concentrations 
ranging as high as 1060 mgm. per cent (Smith, 
(1935)). To this evidence maj' be added the 
more recent observations that both Lophius and 
Opsanus are incapable of secreting the polysac- 
charide inulin (Richards, Westfall and Bott 
(1934); Shannon (1934&)). In other animals, 
including the mammals, the evidence against se- 
cretion of carbohydrates is indirect. In the nor- 
mal glomerular dogfish, the simultaneous clear- 
ances of xj'lose and sucrose are identical within 
the error of the experimental methods used for 
the determination of these sugars (Shannon 
(1934a)), while in the phlorizinized dogfish these 
clearances agree with the simultaneous glucose 
clearance (Clarke and Smith (1932) ; Shannon 
(1934a)). Investigators in this laboratory have 
repeatedly found in the normal dog that the 
simultaneous clearances of xylose and sucrose 
(and, in a limited series of obser\’ations, raffinose) 
are essentially identical (Jolliffe, Shannon and 
Smith (1932a, 1932b) ; Shannon, Jolliffe and 
Smith (1932) ; Pitts (1933, 1934), and Shannon, 
quoted by Smith (1935)), although this close 
identity has not been observed by White and 
Monaghan (1933) in the dog, nor by Cope (1933) 
m the rabbit. The simultaneous clearances of 

^ ^ The experimental observations recorded here are en- 
tirely the contribution of the junior author, and are 
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degree of Doctor of Philosophy. 


xylose and sucrose in normal man differ, accord- 
ing to Keith, Power and Peterson (1933), by 12 
per cent, and according to Chasis (see Smith 
(1935)) by 8 per cent. In phlorizinized man 
the glucose, xjdose and sucrose clearances agree 
within a few per cent (Chasis, Jolliffe and Smith 
(1933)). If we postulate secretion of any de- 
tectable fraction of these substances, coincidence 
would have to be invoked to explain the identity 
of clearances in normal animals. And a further 
and still less probable coincidence would have to 
be invoked to explain why phlorizin brings the 
glucose clearance up to essential identity with the 
clearances of the non-metabolized sugars in forms 
showing such diverse renal function as dogfish, 
dog and man. 

We fully recognize the inadequaej* of reasom'ng 
from the aglomerular fish to the mammal (even 
excluding the cogent bearing of that evidence upon 
the dogfish), but when we combine this evidence 
with the evidence available in normal and phlori- 
zinized dog and man, we believe the conclusion is 
well justified that the mammalian kidney is no 
more able to secrete these substances than is the 
aglomerular fish kidney. (Whether substances 
containing a carbohydrate complex behave in a 
manner similar to the simple carbohydrates is 
under investigation.) It is recognized, however, 
that the reasoning is inferential ; it is possible that 
coincidence is operative in the normal animal with 
respect to the excretion of xjdose, sucrose and 
raffinose, and that phlorizin, while blocking the 
secretion of xylose and sucrose, blocks at the same 
time the reabsorption of glucose and raises the 
clearance of this substance to the glomerular level. 
(Changes in absolute clearance before and after 
phlorizin constitute an untrustworthy basis for 
argument in this problem, since this drug is apt to 
produce changes in renal activity affecting all 
clearances.) 

But whatever view one takes of the matter of 
secretion, the question of a possible active re- 
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absorption and, more particularly, of a possible 
passive diffusion of substances of low molecular 
weight across the tubules (especially at high U/P 
clearance ratios) are not excluded by the above 
evidence as satisfactorily as might be. Jolliffe, 
Shannon and Smith (1932a) were led to believe 
that there was neither active nor passive reabsorp- 
tion of xylose, sucrose and raffinose by the identity 
of the simultaneous clearances of these substances 
in the normal animal, and the relative constancy 
of these clearances with respect to the urea clear- 
ances before and after phlorizin. 

It was principally with this question of possible 
reabsorption in mind, and prompted by the above 
view regarding the probable non-secretion of car- 
bohydrates, that we extended our investigations to 
the substance reported on here, namely, inulin. A 
preliminary report on the excretion of inulin in 
the dog has been made by Richards, Westfall and 
Bott (1934). They find that this substance is not 
excreted by the aglomerular kidney of Opsanus, 
whereas when injected intravenously into the dog 
it is excreted rapidly and completely, and in ap- 
proximately the same ratio to its concentration in 
the plasma as is creatinine. They observe that the 
xylose clearance is lower than the simultaneous 
inulin clearance. Professor Richards, in his re- 
cent Harvey Lecture (January 17, 1935), reported 
further that inulin injected into the frog is ex- 
creted in the glomerular urine at the same con- 
centration as it is present in the plasma; that it 
appears to be completely filterable; and that it is 
not excreted by the frog’s kidney when supplied 
only to the tubular and not to the glomerular cir- 
culation. A report on the excretion of inulin in 
the dogfish has been made by Shannon (1934Z;), 
who has found that the xylose clearance is con- 
sistently lower than the simultaneous inulin clear- 
ance (averaging 78 per cent of the latter) in the 
normal animal, and equals the latter in the phlori- 
zinized animal. 

Inulin is a ])olysaccharide, widely distributed as 
a reserve material in many plants, which on hy- 
drolysis yields fructose. The molecular weight 
of the unhydrated compound is variously given 
from 972 to 4860 (Pringsheim (1932)) and is 
possiblv nearer to the latter figure (Irvine and 
Montgomery (1933) ; Drew and Haworth 
(1928); Haworth. Hirst and Percival (1932)), 


although the available evidence indicates that scis- 
sion occurs very readily at elevated temperatures. 

The inulin used in these experiments, obtained 
from Pfanstiehl Chemical Company, is a white 
and presumably pure preparation having a negli- 
gible reducing power. It dissolves in 0.6 per cent 
NaCl at 85° C. to the extent of 20 per cent by 
weight and remains in solution long enough when 
cooled to 40° C. to permit intravenous infusion. 
It is not bound by plasma portein and is diffusi- 
ble through a collodion membrane (Shannon 
(1934&)). 

Experiments on the dog will be published else- 
where, the present paper being concerned with the 
simultaneous clearances of inulin, xylose, urea 
and glucose in normal and phlorizinized man. 

EXPERIMENTAL PROCEDURE 

Prior to this work inulin had not been administered 
parenterally to humans, and for this reason, after ex- 
tensive experiments on the dog, an intravenous infusion 
of 160 grams was taken by one of the investigators 
(J. A. S.). There were no objective or subjective dis- 
turbances, nor have any ill effects been observed to fol- 
low intravenous infusion into a number of individuals 
since that time.* The observations reported here were 
made on seven volunteer convalescent patients from the 
wards of the Medical Service of the Third (New York 
University) Medical Division of Bellevue Hospital, with 
apparently normal renal function. They were chosen on 
the basis of history, ability to concentrate urine to a spe- 
cific gravity above 1.030, absence of albumin and a 
normal urinary sediment. 

The inulin was dissolved in sterile 0.6 per cent NaCl 
(20 grams to each 100 cc.) by heating to a temperature 
of 85° C. The resulting solution was invariably clear 
and had a faint yellow tint. On cooling to 40° C. re- 
crystallization does not take place for some time, but the 
solution for injection was prepared just prior to use to 
prevent the necessity of a second heating. One hundred 
grams of inulin as given here yield a blood concentration 
starting at 300 to 400 mgm. per cent, and falling to 
100 mgm. per cent during the next 1.5 to 3 hours. 

Schering-Kahlbaum’s phlorizin was recrystallized ac- 
cording to the method of Deuel and Chambers (1925). 
This rvas weighed out in advance and just before use 
suspended in enough 2.5 per cent NaHCOi to make an 
8 per cent solution. This suspension rvas gently heated 
until solution was effected and, after being cooled to 
38° C, administered at once by slow intravenous injec- 
tion, 

= After 42 instances with no reaction, a severe reaction 
was observed with a new lot of inulin. The difTictilt) 
has not been ascertained but is under investigation at 
the time of reading proof. 
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The full routine of preparation and observation fol- 
lows (in those instances in avhicli all substances were 
not present there was little alteration in the procedure 
save for the omission of the xj-Iose, creatinine or phlor- 
izin, as the ease may have been) : 

The subject was allowed no breakfast. During the two 
hours preceding the beginning of observations 2000 cc. of 
water were given by month. At zero hour 100 grams of 
xj-lose and 10 to 15 grams of creatinine were taken in 
300 to 400 cc. of chilled water. The inulin infusion was 
started at 30 minutes and so regulated as to be completed 
in an additional 30 minutes. A catheter was inserted in 
the uretlira at 80 minutes, and after a preliminao' wash- 
out of the bladder with warm sterile water the first 
period of urine collection was started at 90 minutes. All 
subsequent urine collections were made bj- catheteriza- 
tion, with every care to empty the bladder completely. 
The periods of urine collection varied from 10 to 20 
minutes in duration and in number from 3 to 12, de- 
pending upon the obsenations desired. \\’hen these ob- 
servations were to include phlorizixution, this was done 
after 3 control periods and followed b}' a 10 minute 
washout period after the injection of the phlorizin, and 
then 3 more periods of observation. Samples of blood 
were taken as close to the middle of the periods of urine 
collection as possible and interpolated exactly to that 
point, one blood sample being taken for each urine collec- 
tion. In the long experiments 200 cc. of water each 
hour were sufficient to insure a high rate of urine flow, 
the ingestion of the water causing no apparent change 
in clearance. 

CHEillC.VL JIETHODS 

Coagulation was prevented in the blood by the use of 
heparin. The blood was centrifuged as soon as drawn 
and precipitated immediately. Urine samples were di- 
luted at once to the expected U/P ratio and precipitated 
at the termination of the experiment Urea was deter- 
mined by Van Slyke’s (1927) manometric method and 
creatinine by the method used by Shannon, Jolliffe and 
Smith (1932). The ferric sulfate precipitation permits 
both creatinine and sugars to be done on the same fil- 
trate. .A.n analyses were done in duplicate, and if these 
did not agree a third set was rxm. The figures dted are 
an average of the duplicates, or of the closest two out of 
three determinations. Precipitation of plasma and diluted 
urine was effected in 1:5 or 1:10 dilution, as seemed 
advisable for accurate analysis. The method of Steiner, 
Urban and West (1932) was used, utilizing ferric sul- 
fate followed by BaCOi. The barium in solution was 
subsequently precipitated by addition of 1 drop of satu- 
rated Na:SO» to each 13 cc, of filtrate. 

All sugar analyses were made by the Shaffer-Somogyi 
(1933) method, using Reagent Number 50 containing 5 
grams of KI per liter. A variable quantity of filtrate 
was taken (2 to 5 cc.) depending upon the amount of 
sugar present, and water added to total 5 cc., to which 
w ere added 5 cc. of the copper reagent. WTienever pos- 
sible enough filtrate was used to make the titration 


small, but not less than 1 cc. Two reagents were used, 
one having an iodate content equivalent to 17j cc of 
0.005 N thiosulfate, the other to 10.0 cc of 0.005 N 
thiosulfate. Blanks were run with each set of sugar 
determinations, and standards were included every day. 
The correspondence between duplicates was excellent. 
Xylose was determined as reducing power after destruc- 
tion of glucose by j-east. Glucose was removed from 
both plasma and urine filtrates by treatment with yeast, 
whether xylose was present or not. The supernatant 
fluid after the yeast is centrifuged out must be absolutely 
starch free, of course, for inulin determinatioc We 
have recently found Fleischmann's starch-free yeast very 
satisfactory. It can be procured in pound lots and keeps 
at least two weeks on ice. The tinfoil yeast contains as 
a binder, starch, which is very difficult to remove by 
washing. Inulin was hydrolyzed in the sugar tubes by 
adding OJ cc of X' H;SO. to 5.0 cc of the iron filtrate, 
heating in a water bath for 15 minutes, cooling and 
neutralizing exactly to phenolphthalein with X KOH. 
Hydrolyzed in this manner, oar sample of inulin has a 
glucose equivalent of 94 per cent; this reducing power is 
the same in aqueous solutions hydrolyzed diretffly, or 
when inulin is added to plasma or urine and precipitated 
as above as endenced by a series of 14 sets of simul- 
taneous recoveries from water, plasma and urine at con- 
centrations ranging from 50 to 500 mgm. per cent of 
inulin, both with and without the presence of known 
amounts of xj-lose. The maximum variation of plasma 
and urine from the aqueous solution was 2 per cent Imi- 
lin in concentrations equivalent to 500 mgm, per cent in 
the plasma does not modify the color produced in the 
Jaffe reaction for creatinfne if read within 15 minutes. 
The inulin concentration has been taken to be the dif- 
ference between the total reducing power expressed as 
glucose before and after hydrolysis when xylose is pres- 
ent or after hydrolysis alone in the absence o£ xylose. 
The latter procedure is justified since the saccharoid con- 
tent of blood, using the above method, is of the order 
of magnitude of 1 to 2 mgm. per cent Phlorizin has 
negligible reducing power and is not appreciably hydro- 
lyzed by the treatment accorded inulin. Creatinine has a 
reducing power of 31 per cent of its weight in glucose 
equivalent by this method, either alone or in the presence 
of sugars, and appropriate corrections mast be made. 
In the sugar determinations, corresponding plasmas and 
urines were handled simultaneously. All pipettes were 
specially constructed and standardized to blow out, and 
were cleaned in cleaning solution after each use. The 
smallest pipette irsed was 2.0 cc. We cannot place too 
much emphasis upon the need for precautions of this 
tj-pe in all sugar methods, 

RESULTS 

After intravenous injection, inulin is apparently 
quantitatively excreted in the urine in a period of 
24 hours. Data on this point are given in the last 
column of Table I. Our data are complicated by 
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TABLE I 


Summary of observations on normal men 


Subject 

Surface 

area 

Number of 
observation 
periods 

Average 

inulin 

clearance 

Average 

urea 

inulin 

Average 

xylose 

inulin 

Inulin 

given 

Inulin 
excreted 
in 24 hours 


sQttare 








i>er 


meters 








cent 

J. A. S... 

2.10 

2 

142 

0.65 

0.80 

160 

92 

M. C 

2.08 

4 

129 

0.59 

0.82 



R. S 

1.75 

6 

141 



0.71 



B. R. . . . 

1.67 

4 

93 



0.81 





3 

84 

0.67 

0.81 

100 

95 

W. F. . . . 

1.69 

6 

82 



0.78 

100 

97 



9 

72 



0.79 

100 

98 



3 

76 

0.65 

0.80 

100 

103 

J. C 

1.63 

9 

110 



0.76 



S. C 

1.79 

3 

123 

0.62 

0.73 





3 

128 



0.79 



Average . 




0.635 

0.78 
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the fact that facilities were not available at the 
time of these observations to insure the complete 
injection of an exact quantity of inulin; there was 
always a slight loss at the beginning of the injec- 


tion in clearing the infusion apparatus of air, and 
again at the termination of 'the injection when 
some of the solution is necessarily lost through 
wetting the gravity bottle and the small quantities 
remaining in the connecting tube. This loss was 
not taken into account in our figures, but a 2 per 
cent correction would probably suffice. Our 24 
hour urines show, however, that the recovery of 
inulin is essentially complete. In two instances 
not recorded in Table I, we recovered 95 and 98 
per cent. 

It could be demonstrated that the clearance of 
inulin is independent of plasma level from ob- 
servations designed to answer other questions, but 
in certain instances (Figure 1) we have exam- 
ined this point particularly. The data in Figure 1 
show that the renal excretion of inulin is directly 
proportional to the plasma level (i.e., the clearance 
is constant) over a fourfold change of the latter. 
This question has not been examined at plasma 
levels below 50 mgm. per cent, but that this linear 
relationship obtains throughout the range from 0 



Fm. 1. Dat.\ ok Four E.xperi.me.kts at Various Clear.akce Levels Siioutkc that 
THE Rate of Ikulik E.xceetiok Is Pp.oportiokal to the Pl.\s.ma Cokcektratiok. 

Each point is a single clearance period. The solid dots and open circles indicate 
.alternate e.xperiments each of which is indicated by a straight line. 
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to 50 mgni. per cent in the plasma is indicated by 
the fact tliat the straight lines generated at higher 
plasma levels extrapolate to the intersection of 
the coordinates. (The rate of fall of the plasma 
concentration of inulin is, after the first 40 min- 
utes from the end of the infusion, exponentially 
related to time. This is a necessary consequence 
u'hen the rate of removal from the blood is a 
linear function of the plasma level, but it reveals 
nothing about the mechanism or mechanisms in- 
volved in this process.) 

Table I shows that the clearance of .xylose in 
normal man is less than the clearance of inulin 
by an average of 22 per cent, while the creatinine 
clearance in our obseia-ations bears essentially the 
same relationship to xylose as has been described 
by Jolliffe and Chasis (1933). Although the 
creatinine data must be deferred to a subsequent 
paper, we may note here that at plasma levels of 
creatinine from 5 to 10 mgm. per cent the creati- 
nine clearance exceeds the inulin clearance by 30 
to 45 per cent. This corresponds to a creati- 
nine/x)'lose clearance ratio of 1.67 to 1.86, as 
compared to the average figure of Jolliffe and 
Chasis of 1.73. Our urea/xylose clearance ratios 
are higher than were obser\-ed by these authors, 
but our series is smaller. 

The relationship between xylose and inulin 
clearances in normal man require special com- 
ment. It wall appear from Table I that this ratio 
varies somewhat from one subject to another, al- 
though in a single individual the variation is 
slight (see Figure 2). The data upon which 
Figure 2 is based were obtained from one man 
(W. F.) over a period of 6 weeks. The mean 
Njdose/inulin clearance ratio in this indi^dual is 
0-78, with a maximum variation of ± 0.04. It 
can be seen from Figure 2 that this ratio is not 
dependent upon the U/P ratio over the range 
exarmned (6 to 30), but it must be noted that the 
highest U/P ratio (30) was obtained at a urine 
flow of above 2 cc. per minute. No attempt has 
been made to examine this ratio over lower ranges 
of urine flow. 

Chasis, Jolliflte and Smith (1933) found that 
Ms than 65 mgm. of phlorizin were required to 
ring the glucose clearance up to the xylose clear- 
ance, but for reasons to be discussed in a subse- 
quent paper, we increased this dose to 100 mgm. 



Fig. 2. Data ox Ox's IxmivrDu.Ar. Shov.txg That 
THE XnnsE U/P R.\tio (and THESEroaE the Cmv- 
axce) Is Less Thax the Srjici,TAXEous Ixuxrx 
Cleasaxce. 

The average xylose/inulin clearance ratio in this indi- 
vidual was 0.78, and showed h'ttle rariation over a period 
of six weeks. The broken line indicates a slope of 1.00. 
Each point is based on a single pair of simultaneous 
inulin and x>’lose clearances. 


per kilogram. (This dose was taken by J. A. S. 
in a preliminary trial.) Detailed results of our 
observations before and after phlorizin are given 
for a single indiridual in Table II, and a summarj- 
of observations on five indiriduals is given in 
Table III. When phlorizin is administered in 


Ui. 


inulin clearance ratio is raised from 0. to 0.91, 
and the xj-lose/inulin clearance ratio from an 
average of 0.79 to 0.89. The urea/inuhn clear- 
ance ratio is not changed (0.62 before, and 0.62 
after phlorizin). As was previously shown by 
Chasis, Jolliffe and Smith (1933) the glucose 
clearance rises to, but does not significantlv ex- 
ceed, the xjdose clearance. The above authors 
found the same urea/xj-lose clearance ratio before 
and after phlorizin, whereas we find a slight de- 
cease (from 0.78 to 0.70). It should be noted, 
however, that the clearances of all the substances 

c 2 <^^ee after the admimstration 

of phlonzrn, and in rierv of this fact it is diffi- 
ralt to evaluate the significance of the change in 
the urea/xj'lose clearance ratio. 

In Table IV we have included data to show that 
he mtravenom mfusion of inuhn to man has no 
effect upon the xwlose or urea clearances. This 
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TABLE II 


Observations on W. F. before and after phlorizin. May ZO, 1934 


Period number 

Duration 

Urine flow 

Plasma level 

Clearance 

Clearance ratios 

Urea 

Xylose 

Inulin 

Glucose 

Urea 

Xylose 

Inulin 

Glucose 

g 

5 

Inulin 

Xylose 

Inulin 

Glucose 

Inulin I 

Glucose 

Xylose j 


min- 

cc. per 

mgm. 

mgm. 

mgm. 

mgm. 

cc. per 

cc. per 

cc. Per 

cc. per 








“ 


ules 

minute 

Per cent 

per cent 

per cent 

per cent 

minute 

minute 

minute 

minute 


1 







1 

10 


30.3 

74.5 

337 


46.8 

57.8 

73.3 



Inwa 





2 

11 

11.3 

29.9 

76.6 

297 


50.3 

63.8 

77.6 








3 

12 

11.1 

29.6 

81.7 

274 


51.8 

61.3 

76.6 








4 

11 

4.5 

29.3 

86.2 

214 

103 

36.4 

53.6 

57.1 

51.3 " 



0.90' 

0.96 

5 

11 

4.2 

29.0 

87.3 

199 

102 

35.3 

50.0 

56.7 

50.8 



0.90 

1.02 

6 

10 

4.1 

28.7 

85.5 

187 

100 

35.1 

50.9 

. 55.0 

49.0 



0.89 

0.96 


TABLE III 

Summary of experiments on phlorizinized man 


Before phlorhin 


After phlorizin 


Subject 

Num- 
ber of 
pe- 
riods 

Average 

inulin 

clearance 

Average clearance 
ratios 

Num- 
ber of 
pe- 
riods 

Per cent change in 
inulin clearance 

Average 

ratios 

Urea 

Inuiin 

Xylose 

Inulin 

Urea 

Inulin 

Xylose 

Inulin 

Glucose 

Inulin 

Glucose 

Xylose 

J.A.S 

2 

142 

0.65 

0.80 

3 

- 4.0 

0.63 

HXSH 



B. R 

3 

85 

0.67 

0.82 

3 

-17.0 

0.68 

HikS 








4 



HijR SS 



W. F 

3 

76 

0.65 

0.80 

3 

-32.0 

0.63 

0.91 



J. C 

3 

112 



3 

-11.0 


0.92 



S. C 

3 

123 

0.51 

0.73 

3 

-45.0 

0.53 

0.86 


0.94 

Average 



0.62 

0.79 


-20.6 

0.62 

0.89 


1.01 


TABLE IV 


Absence of effect of innlin infusion upon other clearances 


Period number 

Time from 
zero hour 

Urine flow 

Plasma level 

Clearances 

Clearance ratios 

Urea 

Xylose 

Inulin 

Urea 

Xylose 

Inulin 

rt 

V 

u 

Xylose 

Urea 

Inulin 

o 

u. 

O 

>* 

y. 

Inulin 



cc. per 

mgm. 

mgm. 

mgm, ' 

cc. per 


cc. per 








minutes 

minuie 

Per cent 

Per cent 

per cent 

minute 


minute 








132 














1 

149 

9.4 

29.7 

73.7 


50.9 

66.5 


0.70 ! 





2 

159 

7.5 

29.8 

81.5 1 


54.6 

71.1 


0.77 j 









Inulin infusion ( 

'see note below). 








3 

338 

350 

6.5 

27.4 

122.7 

335 

57.4 

70.2 

82.6 

0.82 

0.70 

0.85 

4 

404 

6.0 

27.5 

119.3 

242 

54.3 

69.1 

82.9 

0.80 

0.66 

V.OO 

5 

419 

5.6 

27.6 

122.3 

252 


69.0 

86.9 

0.81 

0.64 

mm 


Note' 100 crams inulin in 500 cc. of 0.6 per cent saline were given at the termination of Period 2 the 

ni.c. rv . , — ,, minutes the bladder was washed out anti tnc 


minutes). At 250 minutes 25 grams xylose were given by mouth, 
third period started at 33S minutes 
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carbohydrate appears to be just as plu'siologically 
inert as are xylose and sucrose (Jolliftc, Siiannon 
and Smith (19326)). 

DJSCCSSIOX 

No doubt the most noteworthy of these obscr- 
rations is the fact that the inulin clearance exceeds 
the simultaneous xylose clearance in normal man. 
In this we confinn the findings of Richards, 
Westfall and Bott (1934) in the dog. This dis- 
parit}’ is open to three interpretations (see also 
Shannon (19346) ) : 

(o) The xylose clearance constitutes a measure 
of glomerular filtration, and inulin is in part ex- 
creted by the process of tubular secretion ; (6) the 
inulin clearance is a measure of glomerular filtra- 
tion and X 3 'lose is reabsorbed; (c) the level of 
glomerular filtration is above that of the inulin 
clearance. 

The possibilit}- that the level of glomerular fil- 
tration lies below the level of the xylose clearance 
(i.e., that xylose is secreted) is presumptively 
ruled out b\' the evidence reviewed in the first 
part of the paper (an argument originally ad- 
^■anced by Jolliffe, Shannon and Smith (19326)). 

The aglomerular kidney of both Lophtus pisca- 
iorius and Opsamts iau (Richards, Westfall and 
Bott (1934); Shaimon (19346)) is incapable of 
secreting inulin. Since we hesitate to argue from 
' the fish to the mammalian kidney, there remains 
the necessity of adducing independent evidence 
that the disparity between the inulin and xjdose 
clearance is not due to secretion of the inulin. 
Ewdence on this point is, we think, available in 
the facts that the amount of inulin excreted per 
unit of time is linearty related to the plasma level, 
and that the curves relating these terms extra- 
polate to the intersection of the coordinates. We 
previously deemed that this linear relationship did 
not necessarily exclude secretion (Shannon, Jol- 
liffe and Smith (1932)), because we believed it 
possible that a secretory mechanism might be able 
to handle a substance in direct proportion to the 
plasma concentration. On reconsideration, how- 
ever, we note that those substances for which 
there is independent evidence of secretion are 
found, in fact, to show a cur\-ilinear relationship, 
i.e., phenol red in dog (Marshall and Vickers 
(1923); Marshall (1931)), frog (Marshall and 


Crane (1924)), toadfish (ilarshall and GrafRin 
(1932) ; Bieter (1933)) ; creatinine in the toad- 
fish (Marshall and GrafHin (1932)), dogfish 
(Shannon (1934fl, 19346)), and in man accord- 
ing to evidence to be presented later. In theoiy, 
it would seem that any process of secretion, in- 
volving as it does the expenditure of energy in 
work, might be diminished, relative to the plasma 
level, at high 'plasma concentrations, and conse- 
quently that the amount excreted per unit time 
would be related to the plasma level in a*cun'i- 
linear manner (Shannon (1934c)). A possible 
exception to this argument might occur in the 
instance of (c) a substance tliat is partlr* secreted, 
but of such a nature that a constant fraction of 
blood going to the Iddnej- is actually completely 
cleared of it, and (6) a substance of such a na- 
ture that at high plasma levels the secreted por- 
tion is quantitative!}' negligible in comparison 
with the quantity excreted by filtration. In both 
these cases the amount excreted will be linearly 
related to the plasma level, and extrapolation 
from high plasma levels will lead to the zero axis. 
It is, of course, impossible to e.xclude inulin from 
one of the above classes, because we have no 
knowledge of what constitutes a high or low 
plasma level in relation to the cells that might be 
capable of secreting it. But the inulin clearance 
has been studied over ranges of plasma level from 
50 to 400 mgm. per cent, and in v-iew of the linear 
relationship existing here it would appear that if 
there is any secretion, the secreted moiety* is small. 

Although no single line of evidence is so com- 
plete as to estabh’sh proof, the fact of the h'near 
relation between plasma level and rate of excre- 
tion, coupled with the inability* of the aglomerular 
kidney to secrete inulin and the evidence against 
se.cretion of carbohydrates in general by the mam- 
mals, as reviewed at the opening of this paper, 
encourages us to proceed on the assumption that 
inulin is not secreted in man, and that of the 
above possibilities (a) can be eliminated. There 
is, then, no other alternative but to suppose (6) 
that the inulin clearance constitutes a measure of 
glomerular filtration, or (c) that the level of 
glomerular filtration lies somewhere above the 
level of the inulin clearance. 

^ In either case it follows that a significant por- 
tion of the .xylose is reabsorbed from the glo- 
merular filtrate during its passage down the tu- 
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>^tl-ie exact quantity being undeterminable 
^ftil there is a selection between alternatives 
stated above (& or c). (These investigations 
have not included sucrose, but since the xylose 
and sucrose clearances are so nearly equal in man 
there is probably some reabsorption of the latter 
as well.) The alteration of the xylose clearance 
toward that of inulin (0.79 to 0.89) under the 
influence of phlorizin seems to indicate that, in 
part at least, this reabsorption is an active one in 
the same sense as is that of glucose in the normal 
kidney. The absence of complete identity be- 
tween the xylose and inulin clearances after phlor- 
izin may, in this view, indicate the passive diffu- 
sion of a small amount of xylose from the tubular 
urine into the blood or lymph. This possibility is 
supported by the fact that the glucose clearance 
agrees with the xylose rather than with the inulin 
clearance. If this interpretation is accepted, it 
can be inferred that the passive diffusion of inulin 
(molecular weight = 972 or more) is small, since 
the clearances of the much more diffusible xylose 
and glucose (molecular weight =150 and 180) 
after phlorizin are only 10 per cent lower than 
that of inulin. If the molecular weight of inulin 
is greater than 972, this argument is all the more 
effective. 

It was suggested in (c) that there might be 
some active reabsorption of inulin. Even if this 
reabsorption were blocked by phlorizin it would 
be obscured by the general fall in clearances and 
therefore would not be revealed without an inde- 
pendent standard of reference. And having un- 
covered in these observations, and in observations 
on the dogfish, an active reabsorption of xylose, 
it becomes necessary to rule out the possibility of 
the active reabsorption of inulin by further evi- 
dence before it can be accepted that the inulin 
clearance is a measure of glomerular filtration. 
The constancy of the urea/inulin clearance ratio 
(or the lowering of the urea/xylose clearance ra- 
tio) before and after phlorizin in our data would 
indicate that this drug affects the xylose rather 
than the inulin clearance, but since the relative 
change in these clearances is so small, and since 
there is a significant fall in all the clearances after 
phlorizin, this argument is dubious. Observa- 
tions made since the work of Jolliffe, Shannon 
and Smith (l932o) have shown that the urea/ 
xylose clearance ratio may be altered unpre- 


dictably by changes in absolute clearance, and 
perhaps by other factors. 

Further evidence against the possible active re- 
absorption of inulin will be presented in a sub- 
sequent paper. 

SUMMARY 

1. The excretion of the polysaccharide inulin 
(the molecular weight of which is variously given 
as 972 to 4860) has been examined in man after 
intravenous infusion, and the inulin clearance has 
been compared with simultaneous urea, glucose 
and xylose clearances in both normal and phlor- 
izinized man. 

2. The inulin clearance in normal man is inde- 
pendent of the plasma concentration, and the 
curves relating plasma concentration to quantity 
excreted per unit time extrapolate to zero co- 
ordinates. 

3. This fact, combined with the fact that inulin 
is not secreted by the aglomerular fish and with 
other evidence indicating that the mammalian kid- 
ney cannot secrete carbohydrates in general, sup- 
ports the tentative conclusion that inulin is not se- 
creted by the renal tubules in man. 

4. The inulin clearance exceeds the simultane- 
ous xylose clearance in normal man by an aver- 
age of 22 per cent. 

5. In the light of (3) it follows that some 
xylose (and sucrose) is normally reabsorbed by 
the renal tubules from the glomerular filtrate; 
this reabsorption is in part an active process, since 
the disparity between the inulin and xylose clear- 
ances is in part removed by phlorizin ; that frac- 
tion of the disparity (10 per cent) which is not 
removed by phlorizin may be due to passive dif- 
fusion of the xylose from the tubular urine back 
into the blood or lymph. 

6. It seems scarcely probable that in the nor- 
mal kidney there is any significant diffusion of 
inulin, even accepting a molecular weight as low 
as 972, but in view of the fact that evidence has 
been uncovered for the active reabsorption of 
xylose, evidence against the active reabsorption of 
inulin should be obtained before the inulin clear- 
ance is accepted as a measure of glomerular filtra- 
tion. 

We w’ish to express our indebtedness to the 
Department of ^ledicine for the services of tl|c 
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THE RENAL EXCRETION OF CREATININE IN MAN 
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In a previous paper the evidence on the ex- 
cretion of carbohydrates by the toadfish, goose- 
fish, dogfish, dog and man was reviewed and it 
was concluded that, until cHdence to the contrarj" 
is adduced, all the arailable facts are best inter- 
preted on the supposition that pure carbohydrates 
in general are not secreted by the renal tubules of 
any of the above-mentioned forms (Shannon and 
Smith, 1935). 

The eHdence on creatinine points in the con- 
trary direction. Although this substance is not 
normally present in significant quantities in the 
urine of aglomerular fishes, administered creati- 
nine is copiously excreted by the toadfish and 
the goosefish (Marshall, 1930, 1934). Marshall 
and GrafHin (1932) have shown in the toadfish 
that the quantitj- of creatinine excreted per unit 
time does not increase in direct proportion to the 
quantit}- injected into the body. This failure to 
obtain direct proportionality between the quantitj" 
of substance administered and the rate of its ex- 
cretion was first described for any substance by 
Marshall and Crane (1924) in their examination 
of the excretion of phenol red by the dog, and 
these investigators pointed out that the observed 
curvilinear relationship betT^-een plasma level and 
rate of excretion was incompatible u*ith excretion 
by exclusive filtration. A similar phenomenon 
has subsequently been shown by Bieter (1933) 
and Marshall and Grafflin (1932) to occur in the 
excretion of phenol red in the toadfish. 

An anaij'sis of the simultaneous excretion of 
creatinine and xjdose (or sucrose) in the dogfish 
by Shannon (1934a) has disclosed that the creati- 
nine clearance at low plasma levels of this sub- 
stance is from 4.2 to 7.2 times as large as is the 
simultaneous xjdose clearance. As the plasma 
level is raised the creatinine clearance is de- 
pressed, both absolutely and relative to the clear- 

* This paper is based on a thesis to be presented to the 

raduate School of New York University in partial fnl- 
Wlraent of the requirements for the degree of Doctor of 
Philosophy. 


ance of the sugar, until at plasma levels of 140 
mgm. per cent the creatinine/sugar clearance ra- 
tio is less than 2. Entirely similar results have 
been obtained more recently in a comparison of 
the creatinine clearance with the inulin clearance 
(Shannon, 1934b). Phlorizin lowers the creati- 
nine clearance both absolutely and relative to the 
sugar clearance, as first described by Qarke and 
Smith (1932), who ascribed this result to a de- 
pressing action of this drug on the secretory’ 
power of the tubules. 

MacKay’ (1929-30) has shown in one individ- 
ual that, under controlled conditions in man, the 
rate of excretion of creatinine is directly pro- 
portional to plasma concentrations up to 15 mgm. 
per cent; and Cope (1931) has obtained a similar 
result in another individual up to 8 mgm. per 
cent. We have not reexamined the matter within 
this range, but the above data, combined with 
those of Jolliffe and Chasis (1933) who worked 
between 2.4 to 11.6 mgm. per cent in one instance, 
and 1.8 to 7.0 mgm. per cent in a second, would 
seem to indicate that in man proportionality be- 
tween plasma level and rate of excretion holds up 
to 10 mgm. per cent. This point will be discussed 
later. 

The present paper reports observations on the 
excretion of creatinine in relation to higher 
plasma concentrations in man, and the compari- 
son of creatinine clearances with simultaneous 
inulin clearances (see Shannon and Smith 
(1935)). The experimental procedure is identi- 
cal with that described by Shannon and Smith, 
and in fact many’ of the creatinine observations 
were made at the same time when the other clear- 
ances described in that paper were measured. 
The subjects were volunteers from the wards of 
the Third Medical Division of Bellevue Hospital, 
without history or present eridence of renal 
pathology, har’ing been admitted for entirely 
minor compl^ts. 

We find in man, as in the dogfish, that as the 
plasma concentration is progressively raised above 
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10 mgrh. per cent there is a reduction in the cre- 
atinine clearance. Since this reduction might be 
due to a reduction in the rate of filtration, it is 
necessary to have information on the simultaneous 
clearance of some other substance. For this rea- 
son we have included inulin clearances which, ac- 
cording to the available evidence, are close to the 
glomerular level (Shannon and Smith (1935)). 
Because of the spontaneous variations in renal ac- 
tivity that are known to occur in man as well as 
in other mammals, and because of the variations 
in renal activity in different individuals, it is con- 
venient to express the results in terms of the cre- 
atinine/inulin clearance ratio. It should be noted, 
however, that in the present series of observations 
there has been little change in the inulin clearance 
in any one experiment. 

Data illustrating the effects of raising the 
plasma concentration of creatinine upon the cre- 
atinine clearance are given in Table I. In Fig- 
ures 1 and 2 are given additional data on the 
creatinine/inulin clearance ratios in two indi- 
viduals in whose plasma the concentration of cre- 
atinine was raised from 5 to 10 mgm. per cent to 
intermediate, and then to high level, by two intra- 
venous infusions of this substance. Each open 
circle represents the average of the creatinine/in- 


ulin clearance ratio in 3 successive clearance de- 
terminations, each clearance determination being 
based on a urine collection period of 10 to 20 
minutes. The open circles connected by a line 
represent successive observations made on one 
day. The change in creatinine/inulin clearance 
ratio is due to variation in the clearance of cre- 
atinine rather than that of inulin. The inulin 
clearance is, in fact, quite independent of the 
immediate plasma level of the substance, as was 
shown by Shannon and Smith (1935), as well as 
being independent of the initial plasma level. 
For example, in one individual (W. F.) the in- 
ulin clearance varied only from 73 to SO when 
the initial plasma level of inulin obtained on six 
separate occasions varied from 175 to 415 mgm. 
per cent, and in another individual (J. S.) the 
clearance remained constant at 140 in two groups 
of observations in which the initial inulin plasma 
level was 115 and 400 mgm. per cent. These 
points are further substantiated by the summariz- 
ing data given in Table II. 

At low plasma concentrations of creatinine (7.3 
to 13 mgm. per cent) the creatinine clearance is 
from 30 to 45 per cent higher than the inulin 
clearance, the mean value being 1.39. This cor- 
responds to a creatinine/xylose clearance ratio of 


TABLE I 

Typical protocol of observations on J. C. showing depression of creatinine clearance residting from raising plasma creatimne 

concentration. May 25, 1934. S.A. = l.dS sq. m. 


Period number 

Duration 

Urine flow 

1 

Plasma 

Clearance 

Clearance ratios 

Xylose 

Inulin 

Creatinine 

Xylose 

c 

c 

Creatinine 

Xylose 

Inulin 

Creatinine 

Inulin 

Creatinine 

Xylose 



cc. per 

mgm. 

mgm. 

mgm. 

cc. per 

cc. per 

cc. per 








viinutfs j 

minute 

per cent 

per cent 

per cent 

minute 

minute 

minute 


■1 




_ 



After IS grams creatinine by mouth 




■■ 

III 





1 


4.23 

75.8 

289 

\ 9-7 

\ 85.0 

\ 107.5 

146.5 

magm 

1.36 


2 


4.45 

80.0 

249 

10.1 

83.0 

113.0 

153.0 

WEsSm 

1.35 

1 ,00 

3 


4.77 

84.0 

220 

10.6 

89.5 

115.0 

' 156.5 

! 0.76 

1.36 

J./^ 



After 10 grams creatinine intravenously 








4 

12 

6.41 

86.5 

1 149 

50.0 

1 85.0 

112.0 

144.0 

0.76 

1 1.28 

1 I./U 
' 1 

5 

12 

4.82 

87.6 

128 

48.8 

83.0 

108.5 

138.5 

0.76 

1.28 

1 77 

6 

11 

4.55 

87.6 

* 114 

37.9 

85.0 

116.0 

134.0 

0.73 

1.26 

1./^ 



After 30 grams creatinine intravenously 








** 


12 

8.66 

73.6 

268 

III.O 

80.5 

105.0 

119.0 

0.77 

1.13 

1 47 

s 

13 

7.82 

67.2 

226 

91.3 

92.4 

119.0 

136.0 

0.78 

1.13 

1 49 

9 

11 1 

6.1 

63.3 

189 

81.3 

85.3 

111.0 

127.0 

0.77 

1.15 
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Fig. 1 Fic. 2 

Figs. 1 axd 2. The Excretion of Creatinine in Rel-ation to Plasma Level. 

The ratio of the creatinine clearance divided by the simultaneous inulin clearance is plotted against the 
plasma concentration of creatinine in mgm. per cent. The open circles each represent the average of 3 
clearance periods, observed in the order of increasing plasma concentration. The solid dots represent the av- 
erage of 3 clearance periods when they are observed after the plasma concentration has been raised and al- 
lowed to fall again. Points connected by lines represent observations on a single individual in one day. 


TABLE n 


Summary of absolute clearances on W. F. and S. C. shossing tkal the variation in the creaiir.inelinulin ratio is due to changes 
in the absolute creatinine clearance, the inulin remaining essentially constant: these clearar,ces are those represented as 

open circles in Figures I arA 2. 




W . F . 



s.c. 

- 


Kuinber of 
observations 

plasma 

Average 

clearance 

Kniabcr of 
observations 

Plasma 

Average 

deaiaace 

Inulin 

2 

mpn, per unt 

>400 

cc. per minule 

80 

6 

Tssm. per cerA 

>300 

CC. Per rrtir.uie 

114 


7 

301-400 

76 

8 

201-300 

109 


10 

201-300 

75 

7 

101-200 

97 


11 

<201 

77 

3 

<101 

109 

Creatinine 

1 

5 

>91 

80 

3 

>99 

121 


6 

71-90 

90 

6 ; 

71-99 

116 


7 

41-70 

91 

5 

41-70 

127 


6 

21-40 

105 

7 

12-40 

143 


6 

1-10 

112 

3 

10-11 

164 


1.62 to ■*'88, as compared to the average figure of 
Jolliffe and Chasis (1933) of 1.73. But as the 
plasma concentration of creatinine is raised the 
creatinine clearance falls absolutely and relative 
to the inulin clearance, until at plasma concentra- 
tions of 96 to 127 mgm. per cent the creatinine 
clearance exceeds the inulin clearance by a mean 
of 12 per cent. 

It should be noted particularly that the first 
0 servations in the series described above were 


made at low plasma concentrations; an infusion 
of a moderate amount of creatinine was then 
given and a second set of 3 clearances was ob- 
tained; then, after the infusion of creatinine a 
second time, a third series of clearances was ob- 
tmned. _ This procedure was so standardized that 
the penods of obsenation were completed within 
one hour after the injection of the creatinine. 

When the creatinine/inulin clearance ratio is 
determined on a “falling” blood curve, that is. 
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over an extended period of time after the injec- 
tion of a considerable quantity of creatinine, a 
different result is obtained. The creatinine/inulin 
clearance ratio does not retrace the course set on 
a “rising” plasma curve, but remains at a de- 
pressed level for a number of hours, as is indi- 
cated by the solid dots in Figures 1 and 2. (No 
such phenomenon is observable in the case of inu- 
lin as has been pointed out above.) The normal 
level of creatinine clearance is restored within a 
few days, but just how fast we have not deter- 
mined. A search for this phenomenon in the 
dogfish failed to reveal it ; the creatinine clearance 
rises in this animal, relative to the sugar clear- 
ance, as fast as the plasma creatinine falls, so that 
identical clearances are obtained at low plasma 
concentrations, before and after the administra- 
tion of large doses of this substance. But in the 
dogfish several days are required for the plasma 
concentration to return to its former level, and it 
is possible that this time is necessary for the secre- 
tory mechanism to return to its initial state (Shan- 
non (1934fl:)). The practical significance of this 
delayed recovery needs to be emphasized, since 
this apparent constancy of the creatinine/inulin 
clearance ratio when the plasma level of creatinine 
is falling is also evident in successive periods of 
urine collection such as have been used in obtain- 
ing each point in Figures 1 and 2. It seems prob- 
able, therefore, that our creatinine/inulin clear- 
ance ratios, as recorded in these figures, are really 
too low, being “ set ” or determined by a plasma 
level that was initially higher than that actually 
observed. 

The data given in Table I will enable the reader 
to judge the magnitude and significance of all the 
terms involved. X 3 dose has not been present in 
every instance, but when present there has been 
no change in the inulin/xylose clearance ratio 
occasioned b}' the administration of the creatinine. 
This fact emphasizes that it is its own clearance 
that is affected by the administration of creati- 
nine, rather than that of inulin, the clearance of 
reference. 

The question may be raised, to what extent 
docs the excretion of endogenous creatinine enter 
into the results described above. Table III con- 
tains data on the excretion of apparent endoge- 
nous creatinine (total chromogenic substance) in 


TABLE III 


The excretion of endogenous creatitiine in man 


Subject 

Number of 

Average urine 

Average apparent 
creatinine 

periods 

flow 

j 

Plasma 

level 

Clearance 

R.C 

2 

ec. J>er minute 

8.4 

1.44 

109.0 

H.S 

2 

16.6 

1.32 

120.0 

C.C 

2 

9.5 

1.44 

134.5 

B.K 

2 

4.0 

1.70 

88.5 


four normal individuals. The clearance of en- 
dogenous creatinine is such that, if a correction 
were made for it in the data displayed in Figures 
1 to 3, it would raise slightly, but not significantly, 
both the total creatinine clearance and the creati- 
nine/inulin clearance ratio at low plasma levels, 
while the correction would have no effect at 
higher plasma levels. 
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Fig. 3. When 80 Observations on the Crfatinine/ 
Inulin Clearance Ratio Are Averaged in Groups of 
Ten, Selected in Order of Increasing Plasma Creati- 
nine Concentration, and Plotted Against the Lat- 
ter, THE 8 Points So Obtained Fall Upon a Smooth 
Curve Which Appears to Be Approaching 1.0 as the 
Asymptote. 

The curve given in this figure is calculated by the cx 
ponential equation described in the legend of Figure , 
and represents the relationship between I -f" y (creafi 
nine/inulin clearance ratio) and x (plasma creatinine 
level). This curve indicates that the creatinine clearance 
is driven down towards the level of the inulin clearance 
by raising the concentration of creatinine in the p asma 
at such a slow rate that the asymptote could not >c 
reached in practice. 
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Fic. 4. The REtAxioxsHip of Creatikike/Inuun 
C tEARANcE Ratio to Plasma Level of Creatikike as 
Obtaiked from 80 Observations Made Under Stand- 
ardized Conditions as Described in the Text. 

^Yhen the term, creatinine/inulin — 1.0 ={y). is plot- 
ted against the plasma level of creatinine (x), an ex- 
ponential relationship of the t>-pe y~ae‘^ is obtained, 
where a is the intercept on the y axis (.44) and a is a 
constant determining the slope of the line (.0122). The 
solid line indicates the relationship described by the 
equation, the term y in this figure being plotted on a 
logarithmic scale. 

With regard to this exponential relationship, we note 
the following; if the term 1 -f y, as generated by the 
above equation, be taken as the mean, and if the standard 
deviation from this mean be calculated in terms of per 
cent of the mean, it is fotmd to be 3.6 per cent. All ob- 
senations fall within 3 times the standard deviation. The 
agreement is equally good for both the upper and lower 
portions of the curve. In the figure those points falling 
within once the standard deviation are indicated by solid 
dots, those falUng within twice the standard deviation by- 
open circles, and those within three times by half-filled 
Circles. The crosses indicate the average data plotted as 
open circles in Figure 3. AVhen the limitations of expen- 
mental and chemical methods are considered, this agree- 
ment is as satisfactory as can be expected. So far as the 
physiological significance of this equation is concerned, 
perhaps the most noteworthy point is the fact that the 
quantity of creatinine apparently secreted per minute 
P«r 100 cc. glomerular filtrate (inulin clearance) passes 
through a maximum of 13.3 mgm. at a plasma level of 


70 mgm. per cent, to decrease at higher plasma levels. 
If, however, it is supposed that the creatinine apparently 
secreted per 100 cc. glomerular filtrate increases to a 
maximum and maintains this maximum at plasma levels 
above 70 per cent, then the relationship would be such as 
is indicated by the dotted line in the figure. Since the 
latter possibility does not seem unlikely, it throws doubt 
upon the physiological significance of the exponential re- 
lationship. 

In our data there are 80 instances in which the 
creatinine clearance and creatinine/inulin clear- 
ance ratio were determined at two or more widely 
separated plasma levels of creatinine, and in 
which the technique was so standardized that the 
first period of observation was started within 15 
to 30 minutes after the completion of the creati- 
nine infusion. From these 80 instances we have 
constructed an average curve relating creatinine/ 
inulin clearance ratio to plasma creatinine con- 
centration by averaging each group of ten obser- 
vations at successively higher plasma levels of 
creatinine. The average curve (Figure 3) thus 
obtained is smooth and convex to the intersection 
of the coordinates. It is apparent that the curve 
does not approach a zero clearance as its as)Tnp- 
tote; in our interpretation, this asymptote should 
be the level of glomerular filtration, which we can 
take as approximately the inulin clearance. This 
curve is apparently exponential in character and 
is discussed in the legend to Figure 4. (In plot- 
ting the mass data in this figure, the plasma level 
obtaining in the first of each group of three ob- 
serv-ations was taken for all three, since the creati- 
nine clearance is “set” by the highest plasma 
level obtained.) In view of the general relation- 
ship it appears that lowering the plasma level of 
creatinine from 10 to 0 mgm. per cent would have 
an insignificant effect upon the absolute creatinine 
clearance (increasing the creatinine/inulin clear- 
ance ratio from 1.39 to 1.44). This fact may ex- 
plain why the several observers mentioned above 
failed to find any relationship between creatinine 
clearance and plasma creatinine within this range. 

Action of phlorioin 

The knowledge that phlorizin depresses the 
creatinine clearance in the dogfish to levels close 
to the sugar clearances (Qarke and Smith 
(1932) ; Shannon (1934a, 1934&)) has led us to 
believe that, if the creatinine clearance in excess 
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of the inulin clearance in man is really a secre- 
tory phenomenon, then, phlorizin should produce 
a similar result in this case. Chasis, Jolliffe and 
Smith (1933) failed to obtain any significant ef- 
fect upon the creatinine/xylose clearance ratio in 
man by the administration in several individuals 
of amounts of phlorizin up to 20 mgm. per kilo- 
gram, and in a single instance of 65 mgm. per 
kilogram. A negative result was also obtained by 
Goldring and Welsh (1934) following the admin- 
istration of much larger doses of this drug by 
stomach. Believing that the quantity hitherto ad- 
ministered was short of the required amount, we 
raised the intravenous dose to 100 mgm. per kilo- 
gram (see Shannon and Smith (1935)). A sum- 
mary of all data before and after phlorizin is 
given in Table IV and Figure 5. All clearances 
usually fall in consequence of the intravenous ad- 
ministration of phlorizin; this transient depres- 
sion is apparently circulatory or glomerular in 
origin, and has been noted by Marshall and 
Grafflin (1932) in the sculpin, by White and 
Monaghan (1933) in the dog, and by Chasis, 
Jollifife and Smith (1933) and Goldring and 
Welsh (1934) in man after intravenous and oral 
administration. Pitts '(1934) has found that the 
creatinine (and creatine) clearance in the dog 
falls after phlorizin, but not the xylose clearance ; 
the creatinine/creatine clearance ratio, however, 
remains constant. In view of this frequent de- 



Fig. 5. The Influence of Phlorizin (Solid Dots) 
IN Reducing the Creatinine Clearance to the Inuun 
Clearance. 

Phlorizin was given intravenously (100 mgm. per kilo- 
gram) after the 3 control clearances (open circles) were 
observed. 

pression of all clearances, it is impossible to de- 
cide from the absolute values of a particular clear- 
ance whether the excretion of that substance is 
specifically affected by the drug. It is none the 
less significant that, under the action of adequate 
doses of phlorizin, the creatinine and inulin clear- 
ances are brought together perfectly at the high 
plasma levels of creatinine, if our observations on 
single individuals are significant, 'and less per- 
fectly at low plasma levels. Thus, in the data 


TABLE iv 

Summary of observations of men before and after phlorizin {100 mgm. per kilogram intravenously). Each datum given is the 

average of 3 clearance periods o / 10 to 15 minutes each 


Sub- 

AveraRe 

Average 

plasma 

creatinine 

concen- 

tration 

Average clearances 

Average dearances/inulin clearance 

ject 

urine flow 

Urea 

Xylose 

Inulin 

Creatinine 

Glucose 

Urea 

Xylose 

Creatinine 

Glucose 

s.c. 

cc, per 
minute 

4.0 

3.1* 

msm, 
per cent 

9.6 

12.2 

cc. per 
yntnttle 

63.2 

35.6 

cc. per 
minute 

91.7 

57.1 

CC, per 
minute 

123.0 

66.9 

cc. per 
minute 

163.8 

71.6 

cc. per 
minute 

56.2 

■ 

0.745 

0.854 

H 

0.840 

B.R. 

6.0 

4.5* 

43.7 

35.5 

55.9 

47.1 

69.4 

61.7 

84.1 

69.6 

101.0 

73.3 

61.5 

0.675 

0.677 

0.826 

0.887 

1.20 

1.05 

0.884 

W.F. 

10.9 

4.5* 

61.5 

47.2 

49.6 

35.6 

61.0 

51.5 

75.8 

56.3 

91.1 

55.7 

50.4 

0.654 

0.632 

0.804 

0.916 

1.20 

0.99 

\ 0.896 

J.C. 

4.4 

3.7* 

99.0 

6S.3 



112.0 

100.0 

125.0 

101.0 




1.12 

1,01 


B.R. 

7.4 • 

109.7 


59.5 

67.8 

66.6 

61.0 


0.878 

0,98 

0.900 


Indicates after phlorizin. 
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given in Figure 4 the average creatinine/inulin 
clearance ratios of 3 clearances after phlorizin are 
1.07 at 12 mgm. per cent, 1.06 at 36 mgni. per 
cent, 1.00 at 47 mgm. per cent, 1.00 at 68 mgm. 
per cent and 0.98 at 109 mgm. per cent. 

DISCUSSION 

It is clear from the above observations that the 
creatinine clearance is depressed, both absolutely 
and relative to the inulin clearance, by an elevation 
of the plasma concentration of creatinine. This 
result leads, of course, to a reduction in the rate 
of excretion relative to plasma level, the phenome- 
non described in the first part of the paper. As 
iMarshal! and Crane (1924) pointed out in their 
discussion of the excretion of phenol red by the 
dog, a cur\-ilinear relationship between plasma 
level and rate of excretion (or, in our present 
terms, between plasma level and clearance) is in- 
compatible with exclusive filtration. It is con- 
ceivable that a substance excreted both by filtra- 
tion and tubular secretion might display a linear 
relationship in this respect (as in fact creatinine 
does when the plasma is falling) ; but we are un- 
able to imagine any reason why the clearance 
should decrease with increasing plasma concentra- 
tion unless secretion is involved. If filtration 
alone were operative, this result would require 
that either the quantity of creatinine filtered de- 
creased, or that the relative amount of creatinine 
reabsorbed (if any) increased, as the plasma level 
rose. A positive finding of a depression of clear- 
ance caused by increased plasma concentration can 
therefore be taken in our opinion as positive evi- 
dence of secretion. We offer this, consequently, 
as independent erddence of the secretion of creati- 
nine by man. 

The nature of the creatinine, excreted in excess 
of the amount that can be accounted for by glo- 
merular filtration (inulin clearance) , is unknown. 
It might be true creatinine added to the post- 
glomerular filtrate by tubular activity ; or it might 
be a creatinine derivative that gives the Jaffe re- 
action, formed prior to or during tubular secre- 
tion. No method is available at this time to dis- 
tinguish these possibilities. 

Shannon and Smith (1935) have presented evi- 
dence that the rate of glomerular filtration lies at 
least as high as the level of the inulin clearance. 


but they have pointed out that there is nothing to 
indicate the absence of active reabsorption of this 
substance; and in view of the fact that evidence is 
at hand for the active reabsorption of xj-lose (and 
sucrose), such eridence is needed before the ac- 
tive reabsorption of inulin can be nded out. 
There is no reason to believe that creatinine 
would influence either the active reabsorption or 
the diffusion of inulin, and, in fact, the constancy 
of the inulin clearance and of the inulin/xylose 
clearance ratio is substantial eridence that such is 
not the case. We present the fact that the 
creatinine clearance can be depressed to m'thin 
10 per cent of the simultaneous inulin clearance 
by the administration of creatinine, as evidence 
that the rate of glomerular filtration cannot lie 
higher than 10 per cent above the inulin clear- 
ance. It is reasonable to suppose that at the high- 
est plasma levels observed some creatinine is still 
being secreted and therefore that the rate of 
glomerular filtration lies nearer the level of the 
inulin clearance than the lowest level of the 
creatinine clearance. 

The statement in the above paragraph would 
have to be qualified if creatinine were reabsorbed 
to any e.xtent. But the fact that phlorizin lowers 
the creatinine clearance to, but not below, the 
inulin clearance, indicates that tmder the condi- 
tions of these experiments there is no measurable 
reabsorption of creatinine, and that the creati- 
nine clearance in phlorizinized man (though only 
under this condition) is at the level of glomerular 
filtration. 

SUMMARY 

1. When the creatinine concentration of the 
plasma is raised the creatinine clearance in man 
is depressed, both absolutely and relative to the 
simultaneous inulin clearance. At plasma levels 
of 7.3 to 13.0 mgm. per cent the mean ratio of 
the creatinine clearance over the inulin clearance 
is 1.39. At plasma levels from 96 to 127 mgm. 
per cent this mean ratio is lowered to 1.12. 

2. The relationship expressed in (1) is be- 
lieved to be independent evidence of the secretion 
of creatinine by the renal tubules in man. 

3. It is suggested that the level of glomerular 
filtration in normal man lies between the lowest 
creatinine clearance and the inulin clearance ob- 
tained at high plasma levels of this substance; and 
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in view of the fact that at the highest plasma levels 
observed the creatinine clearance is still unques- 
tionably elevated by secretion, it is probable that 
the level of glomerular filtration lies closer to the 
inulin clearance than to the former. This is be- 
lieved to be independent evidence against any ex- 
tensive active reabsorption of inulin. 

4. Phlorizin administered in doses of 100 mgm. 
per kilogram brings the clearances of creatinine 
and inulin together, presumably by a specific de- 
pressant action on the tubular secretion of the 
former substance. The identity of these clear- 
ances under phlorizin is evidence against the dif- 
fusion of creatinine under the conditions of the 
experiment. 
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The classification of gout as a disturbance of 
metabolism is probabh- as old as the recognition 
of sucli disorders in medicine. The andent phy- 
sicians who wrote about podagra suggested a dis- 
order of normal metabolism when they attributed 
the cause of the disease to a disturbance of the 
humours of the body. But it was not until 1797 
that Wollaston ( 1 ) offered experimental eddence 
for the validit}' of this assumption when he identi- 
fied sodium urate crj'stals in the material obtained 
from the tophi of patients with gout. Some time 
later Garrod (2) extended this observation and 
noted an increased concentration of uric acid in 
the blood from patients similarly afflicted. The 
classification of uric acid as a purine body by 
Emil Fischer (3) completed one phase of the 
pathologic physiolog}' that confirmed the earlier 
impressions that gout should be placed in the cate- 
gory of metabolic dyscrasias. 

It is usually granted by contemporary observers 
that an integral part of the pathogenic process in 
gout is a disturbance of uric acid metabolism. 
Most arguments that have arisen about this sub- 
ject have been over the question as to whether the 
disturbance is one of uric acid formation, excre- 
tion, or destruction, rather than a denial of the 
major premise. Exceptions to this statement 
have been made by the German investigators 
Grafe (4) and Thannhauser (5), who have ad- 
vanced the possibility that the disturbance of uric 
acid metabolism in gout may be secondaiy’ to a 
pathologic process more general in effect. 

The data presented in this paper offer support 
to the hypothesis that gout may be a disturbance 
of the equilibrium of the body more widespread in 
scope than a dysfunction of the uric acid metabo- 
lism. We accept the classification of gout as a 
metabolic disease, but our reasons for this accep- 
tance are based upon data only casually related to 

^ Presented in abstract form at the meeting of the 
American Society for Clinical Investigation, April 30, 


a disturbance of purine metabolism. These data 
have been obtained from an extended study of the 
mineral and water exchange assodated with at- 
tacks of acute gout in the patient F. M. We have 
also included confirmatory data obtained from a 
study of a second patient, K. H. 

METHODS 

The protocols of the hvo cases studied are pre- 
sented at the end of this communication together 
with the records of the food ingested. During 
the periods of study in the metabolism w’ard of 
the Massachusetts General Hospital, the patients 
were given a low-purine diet of constant amount. 
The food was purchased in 5-day lots according 
to the method of Atchley, Loeb et al. (6). One- 
half of a duplicate da/s diet from each lot was 
weighed, dried and analyzed. On the days of se- 
vere symptoms all of the food was not eaten, and 
the fluid intake was increased. For these days, 
food equal to the amounts consumed was taken 
from the 5-day lots ; it was dried, analyzed, and 
the data with respect to intake corrected accord- 
ingly. The urine was collected under toluol and 
kept in the ice chest. It was partitioned and 
analyzed each 24 hours. The stools, which were 
collected in periods corresponding to the sj'mp- 
toms, %vere dried and analyzed similarly to the 
diets. Rectal temperatures were recorded 4 times 
a day. 

The methods employed for the analyses of the 
blood, and the correction of the concentration of 
the constituents of the serum to pH, = 7.45, have 
been described in most instances elsewhere (7). 
The uric acid was determined according to the 
method of Folin (8) on plasma or unlaked whole 
blood. The inorganic base was determined on a 
portion of urine, stool, or diet, treated udth a feiv 
drops of HjSO,, ashed in a platinum evaporating 
dish and taken up in 0.5 N HO. Serum was 
ashed with HNO,, H-SOi, and supero.xol in a 
silica tube, and the sodium was determined ac- 
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cording to the method of Butler and Tuthill (9). 
Potassium was determined by the method of Ja- 
cobs and Hoffman (10). The pH of the urine 
was determined colorimetrically by the bi-color 
method of Hastings et al. (11), and the titratable 
acid according to the method of Folin (12). 

OBSERVATIONS 

The experimental data presented at this time 
were obtained from two patients suffering from 
recurrent attacks of acute gout. The patient 
F. M. was under our clinical supervision for more 
than 22 months. During this time he had 50 at- 
tacks of acute gout, 21 of which were observed 
while he was on a metabolic regime. The signifi- 
cant changes observed in the attack described in 
this paper correspond qualitatively to the changes 
observed during the other 20 attacks. The pa- 
tient K. H. was observed over a period of 9 
weeks, and during this time she had 7 attacks of 
acute gout. 

The duration of study of these patients was 
very long, and all of the data accumulated could 
not be adequately treated by the methods in com- 
mon use. It was necessary and convenient, there- 
fore, to divide the long periods of study. The 
frequent occurrence of attacks of acute symptoms 
allowed us to employ these attack periods as 
points for division. The selection of one phase 
of an attack, as judged from the clinical condition 
of the patient, is not difficult and may be repeated 
for each attack. The time elapsed from one 
phase of an attack to the same phase of a follow- 
ing attack has been called by us a cycle. This 
cycle may be subdivided into 3 periods, following 
the scheme suggested by Duckworth (13). These 
are the prodromal, attack and recovery periods, 
respectively. The prodromal period follows the 
last days of the recovery from an attack and in- 
cludes the first hours or day of mild symptoms of 
the subsequent attack. The usual duration of 
the prodromal period is from 2 to 4 days. With 
the progression of symptoms the attack period 
begins and the patient is confined to bed. When 
the symptoms reach their maximum, specific med- 
ication is required. Colchicin was the specific 
drug given during the attacks herein described. 
This drug was given in divided doses over several 
hours and in a sufficient amount to induce diar- 
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rhea. With the onset of diarrhea, the symptoms 
subside and the attack period is considered over. 
The recovery period extends from the subsidence 
of sjanptoms to the prodromal period of the next 
cycle. The apparent merging of the recovery pe- 
riod of one cycle \%dth the prodromal period of 
the following cycle prevented us from obtaining a 
normal or control period. Subsequent obser%'a- 
tions of other patients with gout have strength- 
ened our earlier assumption, that it is doubtful 
whether a normal period of significant duration is 
ever obseiwed in patients with gout. Tlie failure 
to obtain a control period necessitated certain as- 
sumptions, which will be discussed below. 

In addition to the specific medicine that was 
administered during each <ycle, sedatives and 
hj-pnotics were given. These are enumerated in 
the tables for the respective patients. The action 
of all of the drugs used in this stud}’ on the acid- 


base excretion was investigated in F. Ivl. during 
a period of freedom from symptoms. The 
changes in the water and salt metabolism follow- 
ing the administration of these drugs may be 
neglected for the present discussion and will be 
presented elsewhere. 

The electrolyte balance for the patient F. M. 

The paroxysms of acute gout in this patient 
were very frequent, and the data obtained from 
the several studies that extended over many weeks 
describe a continual change of the internal envi- 
ronment of the body. In Tables I, II, and III 
are given the pertinent data of the electrol}*te bal- 
ance for a 12-day cycle, chosen because it seemed 
to be t}-pical. Changes of varying magnitude 
were observed in other cycles, but this cycle has 
the advantage of showing most of the variations 


TABLE n 


EUclrolyUs excreted in Ike stools ard scitkdrawn in the blood on the patient F.il. 


Date 
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m. tq. 
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TABLE lU 


Summary of certain balance data obtair^d on the patient F.M. 



Prodromal period 

Attack period 

Recovery period 

Total of the three period s 
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noted in the blood and urine during any period of 
study. 

The prodromal period began December 7th and 
lasted 48 hours. On the first day of this period 
the patient had no symptoms of acute gout and his 
temperature did not exceed 37.3° C. A urinary 
output of 2,035 cc., 25 per cent above normal, was 
the first warning of an impending attack. The 
normal excretion by this patient during the last 3 
days of the recovery period and by 3 individuals 
without gout on a similar diet at the same season 
of the year was about 1,600 cc. The increased 
urinary output preceding an acute attack was as 
obvious to the patient as it was to us. This diu- 
resis was accompanied by an increased total ex- 
cretion of Na and Cl, as well as an increased con- 
centration of both ions. The excretion of phos- 
phate, urate, and total nitrogen in the urine was 
increased in amount, but their concentrations re- 
mained essentially unchanged. The total excre- 
tions of the other constituents analyzed were not 
increased. 

The second and last day of the prodromal period 
of this cycle the patient had mild symptoms of 
gout. He had a slight pain in the proximal 
phalangeal joint of the right big toe, but he was 
ambulatory throughout the day. The white blood 
count was 9,500, and his temperature did not ex- 
ceed 37.3° C. His weight had increased 0.5 kgm. 
even though the urinary output was 2,950 cc. 
The increased urinary excretion of Na and Cl, 
observed on the preceding day, reached a maxi- 
mum of 124 m.eq. and 135 m.eq. respectively. 
The intake of these substances on this day was 
72 m.eq. and 76 m.eq. respectively, which gave a 
negative balance of more than 50 m.eq. for each 
ion. Increased excretions of lesser magnitude 
were observed in the other urinary constituents. 
The K e.xcretion increased 30 m.eq. and the titra- 
table acid and phosphate increased 10 m.eq. The 
excretion of uric acid increased 3 m.eq. The ex- 
cretion of all other constituents except NH^ and 
titratable acid was greater than was observed on 
any other day during the cycle. The pH of the 
urine was unchanged. 

The a/farP period began the third morning of 
the cycle. The proximal phalangeal joint of the 
left big toe w.as involved in addition to that of the 
right big toe. The patient was confined to his bed, 
but hi-s appetite remained good, and all of the diet 


was consumed. Though the fluid intake was in- 
creased 200 cc., the urinary volume was 760 cc. 
less than on the previous day, and the weight was 
decreased 0.5 kgm. The concentration of Na and 
Cl in the urine increased, but the amounts ex- 
creted were 10 m.eq. less. The amount of NH 4 
excreted was unchanged, while the pH increased 
to 5,5. Thus on the first day of severe symp- 
toms the pronounced changes in the electrolyte 
balance had passed a maximum and were rapidly 
diminishing. 

The symptoms continued unabated the fourth 
day. In addition to the toes, the right sacroiliac 
joint and right knee were involved. The appetite 
began to wane for the first time during this cycle, 
and the intake of food was diminished by one-half. 
The white blood cell count increased to 13,000, 
and the rectal temperature to 38.8° C. This was 
the highest temperature observed during the cycle. 
Clinically, the symptomatic response by this pa- 
tient on this day was the most marked of any dur- 
ing the cycle. In spite of the severity of symp- 
toms, the excretion of electrolytes and water was 
less than on any day previously discussed. The 
urinary volume had decreased to 1,625 cc., and the 
K excretion was within 4 m.eq. of the intake. 
The excretions of Na and Cl had decreased about 
20 m.eq., but were appreciably above the intake 
because of the lessened ingestion of food. The 
other constituents were all decreased in amount. 
Colchicin was started in the morning of this day, 
but diarrhea resulting from this drug did not begin 
until 24 hours afterward. It is conceivable that 
the excretion of electrolytes was appreciably in- 
fluenced by the fluid drawn into the intestines be- 
fore the onset of diarrhea. 

The third morning of the attack period, the fiftli 
day of the cycle, was associated with a partial al- 
leviation of symptoms. The only new site of in- 
volvement was the left Poupart’s ligament. 
Colchicin medication was continued only through 
the morning. Late in the afternoon diarrhea 
began, and 3 stools were passed before the patient 
retired for the night. Although the diarrhea nas 
associated with subsiding symptoms, the patient > 
appetite remained poor and the intake of food ua.s 
even less than on the previous day. The nnnary 
volume of 920 cc. was the smallest observed dur- 
ing the cycle. The e.xcretion of Na and Cl con- 
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tinned to decrease, while the excretion of K re- 
mained unchanged. 

The sixth day of observation, the last day of the 
attack period, tlic rectal temperature was normal. 
The white blood cell count was 8,650, and the 
body weight had decreased 1.6 kgm. Diarrhea 
persisted, but symptoms of the acute attack had 
disappeared, and the food intake was increased 
to the amount taken before the acute symptoms 
began. The urinarj- volume was 1,530 cc., yet 
some of the consrituents were e.xcreted in amounts 
far below those obser\’ed in the prodromal period. 
The total Na excretion on this day was only 4.4 
m.eq., compared with 124 m.eq. four days previ- 
ously, and the Cl excretion was 125 m.eq. less 
than the maximum of 135 m.eq. The excretion 
of K was decreased by one-half. The other elec- 
trol}'tes showed little or no variation. On this 
day the urinary pH was 5.1, the lowest observed 
during the cycle. 

The recovery period began on the 7th day of the 
cycle and continued for 6 days. During this 
period the rectal temperature did not rise above 
37.3° C., nor did the white blood count reach 
9,000. The first 2 days of this period, the urinaiy 
volume was below the amount for the last 4 days. 
The urinaiy pH remained between 5.3 and 5.5. 
The excretion of Na was 4.6 m.eq. on the first 
day of the period, which was approximately the 
same as that excreted on the previous day. The 
excretion of Cl had diminished to 7.6 m.eq. The 


excretion of K was 27 m.eq. Approximately the 
same amount of K was lost in the stool as was 
excreted in the urine on this day. In contrast, 
the amounts of Na and Cl in the diarrheal stool 
were negligible. The excretion of 3.7 m.eq. of 
uric acid was the lowest of any day described. 

The last 4 days of this period, the urinarj’- vol- 
ume was appro.ximately 1,600 cc. daily. The ex- 
cretion of K was 55 m.eq., and the excretion of 
Ca was slightly more than 5 m.eq. The daily ex- 
cretion of NH< varied between 20 m.eq. and 25 
m.eq., and the excretion of phosphate was 5 m.eq. 
less than the NH^. The end of the recover)- 
period completes this cycle. Two additional days 
are included in the Tables, which comprise the 
prodromal period of the following attack. These 
2 da 3 ’s, that are a part of the next cj'cle, are in- 
cluded in order to emphasize the diuresis and the 
salt loss in the prodromal period and to clarify the 
duration of the cycle just desenibed. 

In addition to the electroh-tes excreted in the 
urine, apredable amounts were lost in the stools 
or removed in the samples of blood that were 
drawn daily (Table II). Atchley, Loeb et al. 
(6) have shown that stool anal 3 -ses contribute 
little to the knowledge of a balance experiment in 
its entirety. This observation was confirmed by 
us except on the days when there was diarrhea. 

The changes in the xvhole blood and serum are 
given in Table IV. The white blood cell count 
has been discussed above as an aid in the inter- 


TABLE rv 


Experimental observations on blood and plasma on the patient F.M. 


Date 

Whole blood 


True plasma. Electrolytes are corrected to pHg = 7 

.45 


Total 

COs 

Pcctt 

Oijr- 

genca- 

padt>' 

Cell 

vol- 

ume 
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blood 
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Uric 

add 
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Bicar- 

bonate 

* Chlo- 
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Pro- 
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So- 
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inor- ! 
gacic 
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gen 

Decem~ 

her, 

1933 

7 

8 

m. 

Per 
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22.3 

21.7 

mm. 

Bz 

44.3 

41.5 

tn. eij. 
Per 
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1 9.37 

per 

cent 

46.8 

46.2 

j 

9,500 

mgm, 

per 

lOOec. 

7.9 

7.0 

rrt. eq. 
Per 
liter 

24.7 

24.6 

m. eq. 
Per 
liter 

102.5 

102.2 

m, eq. 
per 
liter 

1.8 

1.9 

m. eq. 
per 
liter 

.79 

.73 

1 

77J. eq. 
per 
liter 

17.8 

16.9 

m. eq. 
per 
liter 

141.2 

142.6 

m. eq. 
per 1 
liter 

3.3 

1 

n. eq. 
per 
liter 

5.0 

5.0 

Tz. eq. 
Per 
liter 

152.3 

156.0 

1 

rr.gm. 

per 

100 cc. 

17.6 

21.7 
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21.6 

41.7 

III 
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.73 

111 
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1.6 

.64 1 

1^ 

140.0 
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18.7 

141.2 
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4.0 

5.2 

155.7 


18 

23.2 

40.0 


41.5 

8,550 

8.5 

26.2 

102.7 

2.1 j 

,77 i 

17.2 

141.4 

7.1 


155.6 


20 

22.5 

41.5 


42.3 

illii 


25.2 


2.0 

.80 



7.1 


156.5 

23.4 

















































416 


JOHN H, TALBOTT, BERNARD M. JACOBSON AND S. A. OBERG 


pretation of the clinical course of the acute attack. 
The cell volume exhibited minor fluctuations dur- 
ing the attack but fell appreciably during the 
period of recovery. This significant decrease in 
cell volume was infrequently observed in the other 
cycles that were studied. The number of deter- 
minations of oxygen capacity was insufficient to 
lid in the interpretation of this phenomenon. The 
concentrations in the serum of calcium, inorganic 
phosphate and urate were not appreciably influ- 
enced by the attack of gout. In the complete 
cycle described at this time there was no increase 
in the concentration of K before the attack. In 
the attack that followed there was an increase in 
concentration of K from 4.0 m.eq. to 7.1 m.eq. 
Such an increase was confirmed in several of the 
subsequent attacks. The COj content of the 
serum and the concentration of Cl during the 
prodromal period were in the normal range, but 
their changes in concentration during the acute 
attack reached a magnitude not approached by any 
other electrolyte except proteinate. The Cl de- 
creased in concentration from 102.2 m.eq. on the 
second day of the prodromal period to 96.2 m.eq. 
on the last day of the attack period. The COg 
content of the serum increased 2.9 m.eq. over the 
same period. A decrease of 3 m.eq. in the serum 
sodium concentration was observed in all of the 
cycles in which sodium was determined. The con- 


centrations of Na, total base. Cl, CO,, PO4 and 
urate at the end of the recovery period were all 
within 1 m.eq. of their concentrations before the 
onset of symptoms. 

The electrolyte balance for the patient K. H. 

In Table V are given the various data of the 
electrolyte balance for this patient during a cycle 
of gout of 14 days’ duration. There are certain 
features in the response of K. H. that are at vari- 
ance with the response of F. M. Her weight 
showed a steady rise of 2.2 kgm. during the 
period observed. The paradoxical gain in weight, 
observed in F. M. before the attack, was con- 
firmed, but the magnitude of gain was less. Like- 
wise, a diuresis before the onset of symptoms wa.s 
observed, but the amount was not as large. The 
maximum amount of urine excreted by K. H. was 
2,120 cc. on the day of severe symptoms. This 
volume was 200 cc. greater than that of the pre- 
ceding day and 700 cc. greater than that observed 
on the day before the onset of symptoms. An in- 
creased excretion of Cl, from 80 m.eq. to 135 
m.eq., accompanied the diuresis. This maximum 
excretion does not represent as great an excess for 
K. H. as for F. M., because the chloride intake 
was somewhat greater. The excretions of urate, 
phosphate and titratable acid on the days when the 
diuresis was observed were increased in amount. 


TABLE v 


Daily ohservalions on the patient K. H. 


Date* 

Gout 

Rectal 

tem- 

perature 

Weight 

Intake 

Urinary constituents 

Period 

Chloride 

Volume 

Chloride 

Urate 

Phos- 

phate 

Am- 

monia 

Titrat- 
able acid 

April, lOSA 

severity 

°C. 

ksm. 

m. eq. 

CC. 

nt. eq. 

mgm. 

mgm. 

rn. eq. 

m. eq. 

Prodromal 

15-16 

0 

37.5 


116 

1510 

58.2 

148 

418 

13.5 

21.5 

16-17 

0 

38.0 

71.3 

116 

1820 

83.7 

168 

325 

21.0 

19.6 


17-18 

0 

37.8 

71.5 

116 

1450 

77.5 

147 

299 

18.9 

18.2 


18-19 

+ 

38.0 


116 

B 1 !9 

90.0 

164 

442 

17.8 

23.2 

Attack 

19-20 

++ 

37.8 

71.9 

112 

B ' iS 

103 

182 

524 

18.4 

28.2 


20-21 

+ 

37.8 

72.5 

112 

B i B 

135 

191 

630 

18.5 

27.9 


21-22 


37.7 

72.3 

112 

B M 9 

■ mm 

186 

512 

19.3 

24.9 


22-23 

+ 

38.1 

72.3 

112 

B jiB 

m «■ 

190 

422 

18.9 

22.8 


23-24 

4 * 

37.7 

72.6 

112 


la 

202 

535 

21.0 

26.8 


24-25 

0 

37.8 

72.5 

■a 

1950 

90.2 

mm 

520 

19.4 

24.3 

Recovery 

25-26 

0 

37.7 

72.5 

■ a 

2000 

101.9 


551 

19.9 

22.3 


26-27 

0 

37.4 

72.8 


2050 

110.8 

B^ 

393 

19.1 

25.7 


27-28 

0 

37.9 

72.6 

■ 9 

1680 

95.6 

181 

390 

17.9 

22.9 


28-29 

0 

37.4 

72.9 

117 

1770 

94.6 

151 

445 

17.6 

19.7 



• The followint; dru^ were pivcn: 19-20, pantopoa 20 mgm., barbital 300 mgm.; 22-23, pantopon 20 mgm., colchici 


10 nigm.; 23-24, colchicin 14 mgm. 
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but the concentrations remained unchanged. The 
excretion of ammonia in the urine from K. H. 
w-as considerably less than in the urine from F. M. 
and Uvo control subjects. This diminished ex- 
cretion was probably related to the impaired kid- 
ney function. Daily blood samples for complete 
anah'ses were not drawn from this subject. In 
Table VI are given certain data for the whole 
blood and serum. Evidence of renal insufficienc}' 
may be deduced from the persistent elevation of 
the serum chloride concentration above 110 m.eq. 
and from the lowering of the serum CO» content 
below 23 m.eq. 

DISCUSSION 

This study of the quantitative changes asso- 
ciated %vith an attack of acute gout has yielded 
pertinent data concerning the disturbance of elec- 
trol 3 'te balance in this disease. In one of the pa- 
tients gout was uncomplicated by an}' other or- 
ganic pathology- ; in the other patient, it w’as as- 
sociated wnth renal damage. The anahtical re- 
sults from these patients were, in all respects, 
qualitatively similar. 

The mass movement of zvaler and sodium chlo- 
ride before the appearance of symptoms was a 
constant obseiwation during the 21 c)’cles studied 
on F. M. This water and electrohde shift came 
later in the attacks studied on K. H. The diu- 
resis from F. M. usually began 24 to 72 hours 
before the first symptoms of gout were complained 
of and before am- elevation in body temperature 


was obseiY’ed. The maximum urinaiy* output v/as 
observed directlv' before or on the da\' of maxi- 
mum symptoms and was approximately twice the 
dailj' output observed during the recover}' period. 
The return of the urinary volume to the normal 
level occurred over a period of several days which 
extended through the recovery period. It should 
be emphasized here that there was no medication 
during the prodromal period nor in most in- 
stances on the day of maximum diuresis. Any 
effect on the electroMe and water balance from 
the drugs administered may be excluded with the 
exception of the last days of the attack period. 

A diuresis before or early in an attack of gout 
was first observed by Scudamore (14) and has 
been amply confirmed by our data. Scudamore 
did little more than comment upon its occurrence, 
and he offered no explanation for the phenome- 
non. Qinically, a diuresis with a loss of body 
fluid and salt may be spontaneous or may result 
from experimental therapeutics. It is known that 
stan-ation, ketone addosis, ammom'um chloride 
acidosis, glycosuria, thyro.xin and parathormone 
administration may be assodated with an in- 
creased urinary’ output There is little m-idence 
that any of these factors is involved in the diure- 
sis of acute gout. 

The diuresis of adrenal insuffidenc}' is not un- 
like the spontaneous diuresis of gout. In adrenal 
insuffidenc}' (15) there is an increased excretion 
of Na with a loss of water secondary' to the loss 
of base; likeidse, in gout the loss of -water ap- 


TABLE VI 


Experimenlal observalions on bJood and plasma on the patient K. H. 


Date 

Whole blood 

True plasma 

Total 

COj 

Oxy- 
gen ca- 
pacity 

CeU 

volume 

Sugar 

Crea- 

tinine 

White 

blood 

<ills 

Bicar- 

bonate 

Chlo- 

ride 

Sodium 

Total 

inorganic 

base 

Phos- 

phate 

Non- 

protein 

nitrogen 

Protein 

Uric 

acid 



m. cq. 


msm. 

rr.gm. 


m, eq. 

m. eq. 

m, eq. 

771. eq. 

m. eq. 

rrgrs. 


rtgm. 


RrV 

ter 


tCT 

fer 


per 

per 

per 

per 

per 

Per 

per 

per 

HIM 


liter 


iOOcc, 

100 cc. 


liter 

liter 

liter 

liter 

liter 

100 ce. 

liter 

100 cc. 


IM 





6,250 









mm 


6.72 

36.7 

121 

1.7 


22.9 

110.0 

142.5 

155.5 

2.0 

38.3 

80.0 

8.8 

n 

nn 





6,650 







69.6 

8J 

18 






7,250 






37.3 

70.8 

8.7 

ly 















20 






5,750 






34.8 

66.4 

9.1 

21 






6,250 







68.3 

8.9 

22 






7,150 






38.1 

63.0 

8-3 

23 






6,750 






34.9 

68j 

8.8 

24 






6,050 








8.2 

































418 


JOHN H. TALBOTT, BERNARD M, JACOBSON AND S. A. OBERG 


pears to be secondary to the loss of Na and CL 
During the prodromal period, the period of in- 
creased excretion of these electrolytes, the urinary 
volume is increased, but during the recovery pe- 
riod there is not a concomitant decrease in volume 
with the significant decrease in the amount of 
base. While the introduction of adrenal insuffi- 
ciency into this discussion presents an interesting 
analogy, it is not proposed to associate the patho- 
genesis of gout with a temporary deficiency of the 
cortical hormone. 

A diuresis from a transient disturbance of pu- 
rine metabolism has not been excluded. Certain 
purine bodies are known to possess a diuretic 
action, and one or more of these might be formed 
in sufficient amounts before the attack of gout to 
produce an increased urinary output. This ex- 
planation associates the diuresis intimately with 
the generally assumed pathogenesis of the disease. 

The increase in body weight on the days of in- 
creased urinary output is almost paradoxical. On 
the second day of the prodromal period F. M, 
excreted more than 2 liters of urine, while his 
weight increased 0.5 kgm. Dr. J. P. Peters (16) 
has suggested that this may be a function of a dif- 
ference in loss from insensible perspiration. Con- 
firmation of this helpful suggestion is being 
sought at present. 

The changes in the whole blood and serum that' 
are associated with an attack of gout are of a 
lesser order of magnitude than might be antici- 
pated from the data on urinary excretion. The 
decrease in concentration of serum Na was only 
3 m.eq., while the urinary excretion of Na de- 
creased from 125 m.eq. to 4 m.eq. The concen- 
tration of Cl in the serum decreased more than 
that of Na, and with this decrease there was an 
associated increase of the CO^ content. These 
changes follow the loss of body fluid and pre- 
sumably are not inherent in the attack of gout. 
The elevation of the serum K concentration that 
was observ’ed during the prodromal period has 
not been noted in other diurcses except that from 
adrenal insufficiency. There was no elevation of 
the serum Ca concentration during any attack, as 
was reported by Coates and Raiment (17). The 
blood sugar concentration was not followed 
through the cycle described here but was done 
during a subsequent cycle. The determinations 
were made because of a possible etiologic relation- 


ship between gout and diabetes mellitus. The 
blood sugar concentration on the first day of 
symptoms was 87 mgm. per 100 cc. The con- 
centration gradually increased until it reached 
111 mgm. on the last day of maximum symptoms. 
During recovery the blood sugar concentration 
decreased to the level found preceding the attack. 

An inquiry into the disturbance of the metabo- 
lism of uric acid was not the main object of this 
study; nevertheless certain data were obtained 
that are related to this subject. We did not con- 
firm the observations of His (18) and Brugsch 
(19) of a decrease in the concentration of uric 
acid in the urine before an attack. The uric acid 
in the urine from the patient K. H. showed no 
significant change in the concentration during the 
14-day cycle. An increased concentration in the 
urine from F. M. appeared late in the attack pe- 
riod. This may be explained by its occurrence on 
the day of minimum urinary output. The large 
daily excretion of uric acid by F. M. and the small 
excretion by K. H. presented a marked contrast. 
The average amount excreted by F, M. between 
attacks was about 800 mgm, daily and by K. H. 
it was 150 mgm, to 200 mgm. daily. The latter 
was about one-half the amount of uric acid ex- 
creted by two control subjects given a similar diet. 

In most discussions of the pathogenesis of gout, 
the formation and destruction of uric acid have 
been considered to be of primary significance. 
The equilibrium of uric acid between blood, tis- 
sues and urine and the solubility of sodium urate 
in these media have been of secondary impor- 
tance. From the observations of the solubility of 
sodium urate m vitro, there is little to suggest that 
its concentration is ever near the maximum solu- 
bility in blood or extracellular fluid (20). The 
concentration of uric acid in the urine, however, 
is frequently of a sufficient magnitude that its 
solubility may be influenced by the concentration 
of the other constituents (21). The reciprocal 
solubility between urates and sodium chloride as 
noted by Roberts (22) in aqueous solutions was 
not observed by us during the attacks studied. 

This study of the water and mineral balance 
associated with attacks of acute gout presents the 
pathologic physiolog)’ of the disease from a dif- 
ferent viewpoint than given heretofore. Our 
purpose is not to place less emphasis upon the 
disturbance of purine metabolism in gout; rather. 
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it is desired that gout sliould be considered a dis- 
ease associated with a more comprehensive meta- 
bolic disturbance. The changes in the electrolj'te 
balance in F. M., considered significant by us, 
were probably exaggerated because of the fre- 
quenc}' of his attacks. The confirmation of these 
changes in a second patient with a complicating 
renal disease was most satis factor)'. Various as- 
pects of the pathogenesis of gout have been sug- 
gested by this work and either have been studied 
or are being studied at the present. The inciting 
of an acute attack by a diuretic and the prevention 
of the diuresis preceding an attack are included in 
this study. The influence of various minerals 
added to the diet has been investigated and will 
be reported later. 

SUM il ARY 

1. Two patients have been studied during sev- 
eral attacks of acute gout while on a metabolic 
regime. 

2. Changes in water and salt metabolism were 
observed as follows : 

a. A diuresis begins before any clinical or sub- 
jective evidence of gout is manifest. 

b. A negative sodium and chloride balance ac- 
company this diuresis. 

c. With the diuresis, there is also an increased 
excretion of potassium, calcium, ammonia, titrat- 
able acid, phosphate and urate. 

3. The metabolic processes associated with 
acute gout are not adequately defined by a de- 
scription of uric acid metabolism alone. 

PROTOCOLS 

Case 1. F. M., a single white man of 20, entered the 
Massachusetts General Hospital on August 8, 1932, com- 
plaining of polyarticular arthritis. The mother and fa- 
ther denied having had any arthritis or gouL At the age 
of 6 years, the patient had a pain in his left hip, a diag- 
nosis of tuberculosis was made, and the leg was immobi- 
lized for 8 months. Subsequent recovery was satisfac- 
tory. When he was 12, he had an inflammation of 
several joints which persisted several days. During the 
next 4 years, a similar attack of short duration recurred 
yearly. Two years before his admission, he began to 
have from 3 to 5 attacks annually of polyarticular arthri- 
tis.^ These attacks subsided following administration of 
salicylates. He was fond of well-prepared food and 
alcoholic beverages. 

On admission to the hospital, this patient was well de- 
' eloped and well nourished. The blood pressure was 


130/85, Three subsequent determinations varied between 
120/70 and 134/76. Kis chief complaint was pain in both 
hip joints. The physical exaim'nation revealed nothing 
unusual except tender hip joints. The eye grounds ap- 
peared to be normal. No tophi were found. A tentative 
diagnosis of atypical recurrent rheumatic fever was 
made. The laboratory studies were as follows : The red 
blood count was 5,250,000. The white blood cell count 
was 16,240. The urine at 5 examinations showed no al- 
bumin or sugar, and there were no casts or red cells in 
the centrifuged sediments. The whole blood uric add 
concentration at 5 examinations varied between 4.7 mgm. 
per IQQ cc. and 9.6 mgm. per 100 cc. A prostatic smear 
showed many white blood cells and red blood cells. The 
electrocardiogram was interpreted as normal. The 
x-rays of the right foot, both hands, both anl:Ie joints, 
and the pelvis showed no variation from the normal. He 
was discharged one month after admission with a diag- 
nosis of gout. 

One year later he was re-admitted to the hospital for 
further study. About 3 months prior to this admission, 
he had noticed a nodule on the dorsal surface of the left 
index finger, and one month later a tophus appeared in 
the lobe of the right ear. He was in the hospital 2 
months at this time and had 5 attacks of acute gout. 

Two and one-half months later he was admitted to the 
metabolism ward of the hospital, where he remained 
about 7 months. On admission at this time he had sev- 
eral tophi that had not been observed previously. One 
tophus was over the left olecranon bursa, another vras 
over the patellar bursa on the right, and there were 
several small nodules on the right patellar tendon. The 
x-rays of his feet, knees, sacroiliac joints, hands, elbows 
and shoulders appeared normal. His basal metabolism, 
determined in the periods of freedom from attacks, 
varied between -r 1 per cent and -r 6 per cent. The 
whole blood uric acid varied between 6.3 mgm. and 9.7 
mgm. per 100 cc. .A urinary concentration test and a 
phenolsulphonephthalein excretion test showed a normal 
renal response. Crystals were removed from a tophus 
on the ear that were morphologically similar to those of 
sodium urate, 

January 28, 1933, he was re-admitted to the metabo- 
lism ward. Additional tophi were observed over the 
extensor tendon of the right elbow, over the second pha- 
langeal joint of the third finger of the right hand, and 
over the left phalangeal joint of the little finger of the 
right hand. The x-rays taken at that time were inter- 
preted as follows; "The left shoulder joint shows faint 
shadows of calcification in the bursa. The left knee, 
right ankle, and both feet show degenerative changes 
about the joints, and there are definite punched-out areas 
of bone destruction involving the articular margins of 
the right great toe, the left second toe, and the left 
patella. The left knee joint space is definitely narroa-ed. 
These changes are consistent with gout. The elbows, 
sacroiliac joints, right Imee, and right hand shov.- noth- 
ing abnormak No calcified blood vessel walls are seen.” 

Clinical diagnosis: gout. 
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Case 2. K. H., a widowed white woman of 44, en- 
tered the Massachusetts General Hospital on March 29,, 
1934, complaining of polyarthritis, nervousness, frontal 
headache and enlargement of her thyroid. Her mother 
had had rheumatism for many years which had been 
diagnosed as hypertrophic arthritis. The serum uric 
acid from her mother at one examination was 3.4 mgm. 
per 100 cc. The father of the patient had had mild joint 
disease which had been diagnosed gout. On one exam- 
ination his serum uric acid concentration was 7.7 mgm. 
per 100 cc. 

The patient had her first symptoms of joint disturbance 
at the age of 14. Since that time she had had several 
attacks yearly of low-grade arthritis. When she was 
34 years old, a bilateral oophorectomy and a hysterec- 
tomy were performed. At the age of 38, she had pain 
and swelling in the right great toe which persisted for 

4 weeks. One year later, she had her tonsils removed. 
Three years before admission, she had noticed a pro- 
gressive enlargement of the thyroid. She had had no 
symptoms of hyperthyroidism, but complained of drowsi- 
ness, loss of hair and slowing of speech. One year be- 
fore admission, she had an attack of right upper quad- 
rant pain that suggested acute cholecystitis to the 
examining physician. She had had some frequency and 
dysuria. 

On admission, she was well developed and nourished. 
A nodular goiter was observed, but there were no signs 
suggestive of myxedema. There were many lesions of 
acne rosacea on her face. The eye-grounds were normal. 
Examination of her joints showed tenderness and pain on 
motion of the mid-phalangeal joint of the right index 
finger and bony proliferation about the knee joints. The 
laboratory studies were as follows : The red blood count 
was 4,150,000; the white blood count was 11,000. The 
specific gravity of the urine varied between 1.007 and 
1.013 in 3 samples collected hourly following 12 hours 
of abstinence from fluids and food. There was on sev- 
eral determinations a slight trace of albumin in the urine 
bj’- the nitric acid test. The urinary sediment from 4 
catheter specimens included numerous white cells, many 
bacteria and few red blood cells. No casts were seen. 
The excretion of 1 cc. of phenol sulphonephthalein in- 
jected intravenously varied, at the end of 15 minutes 
after injection, between 0.0 per cent and 8 per cent in 

5 different tests. The whole blood uric acid concentra- 
tion varied between 8.2 mgm. and 10.2 mgm. per 100 cc. 
The nonprotein nitrogen of the serum was 38 mgm. per 
100 cc. The basal metabolic rate was —20 per cent and 
— 17 per cent during the period of study reported at this 
time. The x-rays were interpreted as follows : “ There 
is a rounded area of destruction at the base of the middle 
phalanx of the right hand. There is soft tissue swelling 
in this region, as well as about some of the corresponding 
bones of the other hand. There is narrowing of the 
joint spaces in these joints. There are some areas of 
subcartilage destruction in the corresponding joints of 
the second left finger. These changes might be produced 
by gout or chronic infectious arthritis.” An x-ray taken 


of the gallbladder region showed areas of increased den- 
sity that suggested stones. 

Qinical diagnosis ; gout, cholelithiasis, cystitis, nodular 
goiter, secondary anemia and chronic nephritis (gouty 
kidneys?). 

DIETS 

Diet Number 4 was eaten by F. M. and con- 
tained the following amounts of foods : farina 25 
grams, dates 25 grams, 40 per cent cream 50 
grams, grapefruit sections 200 grams, orange sec- 
tions 200 grams, white bread 85 grams, salt-free 
butter 50 grams, jelly 10 grams, milk 350 cc., 
macaroni 25 grams, American cheese 25 grams, 
corn niblets 100 grams, whole egg 100 grams, 
potato 100 grams, prunes 50 grams, honey 35 
grams, tomato juice 25 grams, penuche containing 
brown sugar 90 grams, and 40 per cent cream 20 
grams, sugar 25 grams, sodium chloride 1.45 
grams. 

Diet Number 6 was eaten by K. H. and con- 
tained the following amounts of foods : corn flakes 
40 grams, dates 25 grams, 40 per cent cream KX) 
grams, grapefruit sections 200 grams, orange sec- 
tions 200 grams, white bread 85 grams, salt-free 
butter 50 grams, jelly 10 grams, milk 350 cc., 
macaroni 25 grams, American cheese 25 grams, 
corn niblets 100 grams, whole egg 100 grams, 
potato 100 grams, prunes 50 grams, penuche con- 
taining brown sugar 90 grams, and 40 per cent 
cream 20 grams, sugar 52 grams, sodium chloride 
1.45 grams. 
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The use of artificial fever in the treatment of 
various diseases offers an opportunity to observe 
some of the specific effects brought about in the 
human body by changes in temperature alone. 
Variations occurring in the number and kind of 
cells in the circulating blood may be studied dur- 
ing fever artifidally produced by radiant energ)' 
tvith the elimination, in the main, of some of the 
complicating factors (foreign proteins, toxins, 
etc.) which may play a part in the spontaneous 
rises in temperature resulting from acute disease. 
A knowledge of the peculiar influence of fever 
upon the white blood corpuscles is important in 
evaluating the role of infection in differential 
diagnosis, and may change somewhat our concept 
of a Ieukoc}*tosis in the presence of a febrile dis- 
ease, The development of a non-specific leuko- 
cytosis with artificial fever emphasizes, perhaps, 
the retarding mechanism, or negative stimulus, 
in such diseases as tj’phoid fever, measles, influ- 
enza, etc., which are characterized by a leiflro- 
penia. 

The method (3) of maintaining the body tem- 
perature constantly and accurately at a certain 
fever level for periods of hours, presents an arti- 
ficial set-up particularly suitable for study of the 
effect of fever upon the blood cells. The use of 
any of the several electrical methods to elevate 
and maintain the patient’s temperature is followed 
by the same relative changes and does not influ- 
ence the results. This is borne out in our own 
clinic with the use of diathermy, radiothermy, and 
radiant energ}-, and by the reports of others (2). 

In a study of patients treated with the radiothenn, 
Hinsie and Carpenter (7) found a slight reduction in 
red blood cell count and hemoglobin during a series of 
treatments. There was also an increase in polymorpho- 
nuclears and a relative decrease in lymphocytes. Hinsie 
and Blalock (6) reported an increase of about 75 per 
cent in leukocyte count as a result of artificial fever pro- 


duced by the radiotherm and carried on for 7 hours by 
wrapping the patients in blankets. This rise usually- 
reached a maximum at the end of the 9th hour, and re- 
gained its normal level at the end of about 20 hours. 
They found the rise to be less pronounced over a course 
of 20 treatments. The leukocytosis was characterized 
by an increase in the percentage of polymorphonuclears 
at the expense, chiefly, of the lymphocytes. They also 
found an increase in the non-filamentous forms. Tenney 
(15) reported similar findings. 

In the use of the radiotherm, Biennan and Fishberg 
(2) found an increase of white blood cells during the 
period of temperature elevation. The percentage of 
polymorphonuclears 'was increased and that of the 
lymphocytes was correspondingly lowered. He also 
found an increase in the number of red blood cells, and 
in many instances a marked increase in the immature 
forms of red blood cells. 

A group of patients, subjected to diathermy, was 
studied by Perkins (14). All of these patients were 
suffering from dementia paralytica. The temperature 
was raised to 105° F. and then allowed to drop to normal 
as rapidly- as possible. Patients were given ten such 
treatments, five per week for two weeks. He found a 
leukocytosis in this group which was not particularly 
affected by- the first few treatments given, but was de- 
cidedly increased by- the time the entire series of ten 
treatments had been completed, and this increase x>crsisted 
for at least three days after the completion of therapy. 

In patients treated with balneotherapy, Neymann (13) 
found an increase in white blood cells, especially- of 
polymorphonuclears, directly- after the bath. In patients 
treated with diathermy-, he reported an increase of one 
million red blood cells per cu. mm, and a slight relative 
increase of polymorphonuclears and eosinophiles, and a 
corresponding decrease of small and large monocytes. 
These values returned to a normal level 24 to 48 hours 
after treatment. 

In all of these studies the body- temperature varied 
considerably over the febrile period. 

Bunker (4) reviewed the literature on the parenteral 
introduction of various protein substances into the organ- 
ism. Almost always the injection of these s-ubstances 
was followed at a brief interval by a definite leuko- 
penia, w-hich was not infrequently succeeded by a leuko- 
cytosis. In patients inoculated with tertian malaria, this 
observer found that there was a definite reduction in the 
number of leukocytes in the peripheral blood in 30 out 
of 33 instances, with a subsequent leukocytosis of some- 
what moderate degree in 27 out of 35. The reduction 


^ This work was aided by funds from the Rockefeller 
Foundation for Medical Research. 
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had its onset at about the time of the chill, reaching its 
maximum during the latter part of the ascent or at the 
apex of the temperature curve. iThe maximum degree of 
leukocytosis usually followed by 2 to 4 hours the time of 
maximum leukopenia, and appeared near the summit of 
the temperature curve, or more usually during its gradual 
descent. 

Knudson and Schaible (9), in a study of dogs kept in 
an ultra-high frequency field, found a considerable in- 
crease in the number of red blood cells and the hemo- 
globin, and a marked increase in immature forms of red 
cells. There was also a marked increase in the total 
white blood cells due to an absolute and relative increase 
in the polymorphonuclears. The lymphocytes and eosino- 
philes were usually relatively markedly decreased. The 
changes in monocytes were less marked and less con- 
stant. A rather similar change was found "by Lawrence, 
et al. (8, 10) following the injection intravenously and 
intraperitoneally of sodium bicarbonate or ammonium 
chloride or infection of the peritoneal cavity with B. coli 
or the injection of killed cultures of B. coli and diph- 
theria toxin in the guinea pig. Similar changes have 
been observed in dog and man. A postoperative neutro- 
philic leukocytosis was found by the same workers in 
obstructive jaundice experimentally produced in dogs 
while the response of the lymphoid series was inconstant. 

Murphy and Sturm (11) exposed mice, rats and guinea 
pigs to dry heat from 55° to 60° C. for five minutes, and 
noted an immediate fall in white blood cells. The poly- 
morphonuclears recovered slowly, and required several 
weeks to regain the normal number. The lymphocytes 
rose rapidly after the initial fall, and continued to rise 
for two or three weeks, often 200 per cent to 300 per 
cent above normal. 

Caillet and Simonds (5) heated mice repeatedly with 
air at 60° C. for five minutes at intervals of 10 days. 
This resulted in a temporary lymphopenia followed by 
an increasing lymphocytosis up to about the 40th day, 
or the third or fourth heating. After this time, each 
successive heating became less and less effective, until 
after about 200 days, or 12 to 13 heatings, the total 
leukocyte count and the per cent of lymphocytes re- 
turned to, or below, normal and showed little or no 
effect from further heating. No record of the tempera- 
ture of the animals is given, and these experiments can- 
not be compared directly because the animals were totally 
enclosed in the hot air chamber. In brief, identical 
changes may be brought about by the circulating blood 
cells by several methods which do not seem at all related. 


METHOD AND MATERIAL 
In order to determine the changes occurring in 
the number of blood cells during artificial fever 
treatments, in which the patients’ temperature was 
elevated and maintained at a constant level for a 
definite period by radiant energ}-, 10 patients were 
studied during a total of 11 treatments. There 
were 7 treatments for the gonococcus infection; 


one patient in this group was also suffering from 
latent syphilis and chronic infectious arthritis. 
The diagnoses in the remaining 4 cases were 
syphilis of the central nervous ■ system, chronic 
infectious arthritis, brain tumor, and carcinomato- 
sis. All observations of temperature during treat- 
ment were made by means of a resistance ther- 
mometer placed in the rectum of the patient. 

In the patient suffering from infectious ar- 
thritis alone, the rectal temperature was .elevated 
for 4% hours at 40.5° C. There were 9 treat- 
ments in which the temperature of the body was 
raised to 41.5° C. and 41.6° C. and maintained 
between 5 hours and 5% hours, exactly at this 
temperature. Included in this group were the 
cases with the gonococcus infection, the case of 
brain tumor, and that of syphilis of the central 
nervous system. The body temperature of the 
patient with carcinomatosis was raised to 41.6° C. 
and maintained exactly at that level for 21 hours. 
All patients were afebrile before and after treat- 
ment. 

In practically every case the red blood cell 
count, hemoglobin, white blood cell count, and 
differential count, including the Schilling hemo- 
gram made from cover-slip blood smears stained 
with Wright’s stain were determined before treat- 
ment and every hour, starting at that time at 
which the temperature had reached the desired 
height, and was being maintained at a constant 
level. These determinations were continued for 
several hours after the termination of the fever 
(during which time the patient’s temperature was 
normal). The blood studies were then followed 
at intervals until the patient was discharged from 
the hospital. All of the blood cell counts were 
done under constant conditions by one of us 
(P. C.), using the same pipettes, counting cham- 
ber, and a calibrated hemoglobin standard (100 
per cent equals 13.8 grams hemoglobin per 100 
cc.). The counts were made from blood taken 
from the ear. 


RESULTS 

In all but two cases the maximum increase in 
vhite blood cells was more than 100 per cent of 
he original number. In the case of the patient 
vith the lower fc\’er temperature (40.5° C.) the 
naximum increase was only 49.1 per cent and 
16.6 per cent in one of the patients with the tern- 
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pcrature held at 41.6° C. for 5 hours. The 
maximum increase was over 200 per cent in two 
cases (temperature 41.6° C. for 5 hours), and 
reached 315 per cent in the patient with the pro- 
longed fever (41.6° C. for 21 hours). 

The maximum increase in white blood cells ap- 
peared at different times, and the time of the drop 
to the normal figures rTiried. In three of the 
cases the maximum increase occurred at the end 
of the period of fever. These three cases had a 
fever of 41.6° C. of 5 hours’ duration. In two 
of the cases the maximum increase occurred at 
the third hour of the fever. In trvo more cases 
the maximum increase was noted 2 hours after 
the termination of the five-hour fever. The peak 
of the leukocj'tosis was noted at the 4th hour of 
the fever in two cases. In the case with the 
lower fever (40.5° C. for 4yo hours), it appeared 
one hour after the termination of the fever. In 
the case in which the higher temperature (41.6° 
C.) was maintained for 21 hours, the maximum 
increase was noted at the 10th hour. In the 
latter case, blood counts were made at less fre- 
quent intervals. 

The return to normal or the previous level 
varied. One case had a white blood corpuscle 
count below 10,000 per cu. mm. within three 
hours following the termination of the fever ; an- 
other within 6% hours. The count of the pa- 
tient with the low fever reverted to normal in 6 
hours. In the case of the patient whose maxi- 
mum increase was only 36.6 per cent, the white 
blood cell count returned to the pre-treatment 
level in 2 hours. The original white blood cell 
count in this case was 11,600 per cu, mm. In six 
cases the counts were slightly elevated 6 to 8 
hours after the treatment was terminated. In 
five cases the counts were normal by the follow- 
ing day. In one patient it was still slightly 
elevated. The white blood cell count of the pa- 
tient who received the verj' long fever was still 
markedly elevated the day follom’ng the termina- 
tion of the fever, although the temperature at the 
time was normal. The cell counts obtained from 
this patient on the third day were normal. 

Along with the increase in the total number of 
white blood cells, there was a marked relative and 
absolute increase of polymorphonuclears in all 
cases. Before treatment there was no case in 
which the percentage of these cells was above 72 


per cent. As a result of the fever, the poly- 
morphonuclears increased in eveiy- case, vaiy-ing 
from 84 per cent to 93 per cent. Likewise, the 
total number of the polymorphonuclears increased. 
Before treatment the maximum number of these 
cells in any case was 8,400 per cu. mm. The 
fever caused the total number of these cells to 
vary between 11,760 and 23,200 per cu. mm. 

There uas a substantial increase in the nfelative 
and absolute numbers of immature forms of poh'- 
morphonuclears as a result of the fever in more 
than half of the cases. The pre-febrile level 
varied from 0 to 7.5 per cent. In five of the 
cases, including the patient with the short fever, 
they remained below 6 per cent, while the rest 
varied from 12 per cent to 24 per cent during or 
following the fever treatment. 

The decrease in relative and absolute numbers 
of lymphocytes was as marked as the increase in 
polymorphonuclears. Before the fever the per- 
centage of lymphocytes varied from 21 per cent 
to 42 per cent. The lov,- point in lymphocy'tes in 
the indi-vddual cases varied from 1 per cent to 10 
per cent. The fall in absolute numbers was not 
as great as the difference in percentages might 
indicate, due to the great increase in the total 
white blood cell count However, in practically 
every’ case the number of lymphocytes v,-as less 
than half of the original, and in one case was %o 
of the original. 

There was a tendency for the monomtes to in- 
crease, both in absolute and relative numbers. 
The changes in basophiles and eosinophiles were 
not significant. 

In general, there was only a slight rise in 
hemoglobin (0 to 10 per cent). In two cases, 
however, it rose to 20 per cent above the Im-el ob- 
tained before treatment. One of these was the 
case treated for 21 hours. There was a corre- 
sponding rise in the red blood cell counts. The 
maximum increase usually appeared toward the 
end of the treatment, or shortly' after the treat- 
ment was terminated. 

In the blood of the patient treated for 21 hours, 
normoblasts were found from the 10th hour to 
the 21st hour of the fever. One to three such 
cells were found while 200 white blood cells were 
being counted. In none of the other patients 
were normoblasts found. 
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Four of the cases are reported in some detail to 
liow the character of the changes noted. 

The lowest elevation of temperature studied 
^as in a patient (F. M.), weighing 96 kgiD., 
Lilfering from chronic infectious arthritis of 
iree years’ duration, with a normal temperature 
36.9° C. rectal) and an initial white blood cell 
Dunt of 9,400 per cu. mm. The rectal tempera- 
jre was elevated to 40.5° C. by means of radiant 
nergy within 70 minutes and maintained at 40.5° 


Temp. 

37 ^/ 


C. for 4^ hours by means of radiant energy. 
The temperature was then lowered (by blowing 
air upon the patient’s skin) in hours to 37.0° 
C., and after one more hour it remained normal 
(36.5° to 36.7° C.). Complete blood studies 
were made at hourly intervals between 9:00 a.m. 
to 8:40 p.m., except the last observation during 
the height of the fever, which interval was ex- 
tended 30 minutes (1%-hour interval) to include 
the end of the febrile period. A complete blood 
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Fig. 1. (F. M.) 

Temperature is expressed in 'C., R.B.C. in millions, Hb in per cent, 
and W.B.C. in thousands. 5 hours of fever at 41.5' C. 
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study was done at 9 :30 a.m. the following morn- 
ing. Barbital and chloral hydrate were used for 
narcosis. The patient was given all the fluids he 
would drink during and after the treatment. The 
ma.\imum fluctuation of the hemoglobin was no 
greater than 10 per cent, and this occurred 4 
hours after the end of the febrile period and later 
than the peak of the leukocytosis. The maximum 
elevation of white blood cells occurred one hour 
after the termination of the fever (temperature 
of 38.0° C.). The immature poljTnorphonucIear 
leukocj-tes did not increase above the normal per- 
centage during the rise in total white blood cell 
count to 14,00 per cu. mm. There was a slow 
stead}- fall in total white blood cell count after 
this. The chart and table give the complete data 
(Figure 1, Table I). 

Another patient (M. T.) received two artificial 
fever treatments of five hours each at 41.6° C., 
16 days apart. This was an IS-year old girl, who 
was suffering from acute gonorrheal urethritis 
and salpingitis. The white blood cell count at 
the time the patient was placed in the radiant 


cnerg}' cabinet for her first treatment was 9,600 
per cu. mm. Her rectal temperature was 37.0° 
C. A period of 100 minutes elapsed before the 
patient's temperature reached the desired level. 
Blood studies were made every hour from this 
time throughout the febrile period, and for 6 
hours following this period. The maximum in- 
crease in white blood cell count noted in this case 
occurred at the 3d hour of fever and reached 
19,800 per cu. mm. It fell gradually from this 
time on and when the last count was made that 
evening it was 11,800 per cu. mm., i.e. slightly 
elevated, although the temperature then was 
36.5° C. The follorv-ing morning the white blood 
cell count was 9,000 per cu. mm. This patient's 
hemoglobin rose once and only 5 per cent. This 
increase appeared at the time the temperature 
reached 41.5° C., and it remained at the pre\-ious 
level throughout the rest of the period. The ma- 
ture and immature polymorphonuclears increased 
in relative and absolute numbers, while the lym- 
phoc}'tes decreased. 


TABLE I 

Correlation oj total number of leukocytes with absolute values before and at the maximum rise. 
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The patient still had gram-negative diplococci 
in urethral smears and was given a second arti- 
ficial fever treatment 16 days later. The leuko- 
C3d:e count before the second treatment was 7,000 
per cu. mm. (rectal temperature 37.3° C.). One 
hundred minutes elapsed before the temperature 
reached the desired level (41.5° C.) and blood 


counts were made at hourly intervals as in the 
first treatment. The leukocyte count reached 
24,000 per cu. mm., which occurred 2 hours after 
the fever was terminated. The patient’s tempera- 
ture at this time was 37.6° C. Seven hours after 
the termination of the fever the white blood cell 
count was still elevated, 14,800 per cu. mm., with 
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a temperature of 37.3° C. Tlie following morn- 
ing the white blood cell count was 10,750 per cu. 
mm. The hemoglobin during this treatment did 
not var)- at all. Similar changes in polymorpho- 
nuclears and in lymphociTes were noted as in the 
first treatment, except that this time the immature 
poljTTiorphonuclears did not go above 5 per cent 
of the total white blood cells. However, there 
was a substantial increase in absolute numbers of 
these cells. This patient also received barbital 
and chloral hydrate as a narcotic at the beginning 
of the treatments (Figure 2, Table II). 


The longest fever period in this series was one 
of 21 hours at 41.6° C. This patient (B. W.) 
was suffering from carcinomatosis and this was 
her fourth fever treatment. She had had one 
treatment of 6 hours, one of 7 hours, and one of 
13 hours at 41.6° C. in the two month period be- 
fore this treatment. Barbital, sodium bromide 
and chloral hydrate were used for narcosis. Her 
white blood cell count was 4,850 per cu, mm. 
three days before this long artifidal fever treat- 
ment was given. During the febrile period 
blood counts were made at approximately 5 hour 


ItBp. 
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Fig. 3. (B. YV.) Twexty-oxe Houes of Fevee at 41.5° C. 
Temperature is expressed in °C., R.B.C. in millions, Hb in per 
cent, and W.B.C. in thousands. 
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intervals. The highest white blood cell count ob- normal. The absolute and relative increase in 

tained in this case was 20,150 per cu, mm. at the mature and immature polymorphonuclears was 

10th hour of the fever, A leukocytosis of 13,850 also noted in this case, as well as the absolute and 

per cu, mm. was still present 32 hours following relative decrease in lymphocytes. The heino- 

the termination of the fever, although there was globin increased 20 per cent. The patient was 

no elevation of temperature. The third day fob given all the fluids she would take. The maxi- 

lowing the termination of the fever the count was mum increase in white blood cell count was noted 


Tmp. 



Fig. 4. (B. S.) 

Temperature is expressed in °C., R.B.C in millions, Hb in per cent, and W.B.C. in flio^sands. 
The intervals between the longitudinal, heary lines represent hourly determinations on the day o i 


fever tre.atmcnt. 
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at the 14th hour. Normoblasts -vvcre found in 
the smear from the 10th to the 21st hour of the 
fever (Figure 3, Table III). 

The greatest leukocytosis occurred in a patient 
(B. S.) who was suffering from gonorrheal con- 
junctivitis and gonococcus infection of the lower 
birth canal. Barbital, sodium bromide and chlo- 
ral hydrate were used for narcosis. The leuko- 
C3'te count on the morning of her fever treatment 
was 11,650 per cu. mm. The rectal temperature 
was 37.2° C. at this time. The body temperature 
was raised to 41.6° C. in hours and main- 
tained at this level for 5 hours. Blood counts 
were made every hour until the 8th hour after the 
fever. The white blood cells increased to a maxi- 
mum of 27,000 per cu. mm. at the 4th hour of 
the treatment. The leukocide count decreased 
gradually to 14,600 per cu. mm. at the end of the 
8th hour, with a rectal temperature of 36.8° C., 
following tlie treatment. On the following morn- 
ing the count was 7,100 per cu. mm. The in- 
creased relative and absolute numbers of poly- 
raorphonuclears were also noted in this case. 
The immature polymorphonuclears increased 
from 7 per cent to 24 per cent. There was also 
a fall in the relative and absolute numbers of 
lymphocytes during the fever. The hemoglobin 
was elevated 15 per cent at the 2nd hour after the 
treatment. The blood counts in this patient were 
followed for a month following the treatment, 
during which time there was no evidence of the 
gonorrheal infection. There were no marked 
changes in the counts during this time (Figure 4, 
Table IV). 

Table V summarizes the results in all the cases 
studied. 

DISCUSSION 

Any strict comparison of the indi'i’idual cases 
upon the basis of percentage and relative numbers 
IS not possible because of the small series studied, 
but several general conclusions ma)’’ be drawn, 
since our observations are in keeping with the 
general findings of others who have used other 
means (radiant energy*) for producing artificial 
fever. 

Although the nearly mature polymorphonuclear 
leukocytes did not increase in every case, it is in- 
teresting that these immature cells appeared in 
large numbers during the peak of the leukocytic 


response and then decreased as the number of 
leukocytes decreased. 

The fall of from 28.5 per cent to 6.5 per cent 
in the lymphocytes in the patient receiving the 21 
hour fever treatment (41.6° C.), as well as the 
fall in lymphocytes in the other cases, cannot be 
explained. Whether these cells are stored some- 
where in the body or take some spedfic part in 
attacking the pathological process present or are 
destroyed by the febrile reaction is not clear. 
The evidence in the experimental data published 
(Nakahara) (12) is not suffident, in our opinion, 
to warrant the assumption that they are destroyed. 

The slight amount of concentration of the 
blood, as evidenced by the rise in hemoglobin 
percentage and the red blood cdl count, is prob- 
ably not responsible for the leukocytosis, which 
is far out of proportion to the increase in hemo- 
globin, although many complicated factors are 
involved such as the increased demand for oxygen 
during the fever. Barbour (1) has stated that 
blood is first diluted and then concentrated when- 
ever there is a considerable rise in temperature. 
Every precaution w’as taken to prevent dehydra- 
tion and, therefore, concentration of the blood. 
In some of the patients the maximum increase in 
hemoglobin percentage occurred after the treat- 
ment was fim’shed. At the termination of the 
treatment, during the 60 to '80 minutes of the 
cooling-off process, the fluid intake is usually 500 
to 1000 cc., which would tend to cause dilution 
rather than concentration of the blood. Later as 
the body tissues store flm’ds some such change 
might be expected though it was not observed. 
Also, the change in the distribution among the 
types of the white blood cells is another point 
against the leiflcocytosis being a result of the con- 
centration of the blood alone. 

This finding, namely*, a leukocy'tosis during a 
prolonged, maintained artificial fever, suggests 
that an elevation of the white blood cell count in 
a patient with a spontaneous fever (due to in- 
fection) may* in certain cases be an index of the 
fever rather than of the extent of the infection. 
A leukocytosis with a low fever, or without fever, 
may be of greater clinical significance. It should 
be emphasized that many factors in addition to 
the fever may be responsible for the leukooTosis ; 
in fact, as suggested by Lawrence et al. (10), tis- 
sue autolysates may be the main stimulus. Dur- 
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ing fever the production of these may be increased 
in sites of inflammation. The balance between 
the circulating and stored mature cells is probably 
a critical one and one which artificial fever, as 
well as spontaneous febrile reaction, may readily 
upset. Upon the subsidence of the fever the 
balance is rapidly restored to its previous level. 
Some of the cells of the myeloid and erythrocyte 
series that are nearly mature are also capable of 
appearing and disappearing (i.e., being stored as 
immature cells if they do not mature in the blood) 
in response to a febrile reaction. 

An increase in pulse rate (of 100 to 200 per 
cent) and presumably an increase in circulation 
rate might cause the cells to be washed out of 
storage sites into the circulation, but in some pa- 
tients the peak of the leukocytosis occurred after 
the treatment, when the pulse rate, blood pres- 
sure and presumably the circulation rate had re- 
turned to normal or nearly normal. The appear- 
ance of these immature cells would suggest the 
mobilization of all the available cells (mature and 
nearly mature, both leukocytes and erythrocytes) 
into the circulating blood. The increase may rep- 
resent the total in reserve, or number available, at 
any given short period of time (hours) and be- 
fore the stimulus calling them out has had time to 
activate the maturation or formation of a large 
number of new cells in the marrow or myeloid 
structures, such as would occur over a longer 
period of time from the reaction to an infectious 
process in the body. There is no evidence point- 
ing to the place of storage of these cells after 
they are called forth, nor do we need to suppose 
that the^'^ are destroyed after the supposed need 
for them is past. 

The patients studied were as nearly normal as 
any of those receiving treatment in our clinic, and 
the constancy of the reaction would seem to indi- 
cate that the qualitative nature of the changes ob- 
served are significant of the changes brought 
about primarily by the elevation of the tempera- 
ture. As suggested above, however, the destruc- 
tion of tissue in the pathological conditions treated 
nia}' influence the situation somewhat; in this con- 
nection it is notable that the case of acute gonor- 
rheal infection showed the greatest leukocytosis. 

The number and kinds of observations may 
seem few, but they represent all that the indi- 
vidual patient would tolerate during the treat- 


ment by artificial fever. In the stage of semi- 
delirium at 41.5° C. the patients may be upset 
easily by any slight irritation. In some patients 
it was very difficult at times to obtain accurately 
filled pipettes because of the antagonism of the 
patients to the procedure, making it necessary to 
repeat this procedure many times. 

SUMMARY 

1. The cytological variations in the blood re- 
sulting from prolonged artificial fever, produced 
by radiant energy, were studied in 10 afebrile pa- 
tients (only one with acute disease) during a 
total of eleven treatments. 

2. A leukocytosis was found in every case. 
The maximum change, the onset, duration and 
the extent of this change, in relation to the fever 
period varied from patient to patient. 

3. A relative and absolute increase of poly- 
morphonuclear leukocytes was observed during, 
or immediately following, the febrile period. 

4. There was a substantial relative and abso- 
lute increase in immature polymorphonuclear 
leukocytes in 6 of the 11 cases. 

5. There was a relative and absolute decrease 
in lymphoc34es in all cases. 

6. There was a slight rise in the red blood cell 
count and hemoglobin during or immediately fol- 
lowing the period of fever. Immature red blood 
cells were found in a single case, which also ex- 
hibited the greatest increase (20 per cent) in 
hemoglobin (during a fever of 41.6° C. for 21 
hours. 

7. These observations suggest a mobilization 
into the circulation of available and nearly mature 
cells of the myeloid and erythrocytic series as a 
result of the fever, while the cells of the lymphoid 
series decrease (storage ?) during this period. 

BIBLIOGRAPHY 

1. Barbour, H. G., The heat regulating mechanism of 

the body. Phj'siol. Rev., 1921, 1, 295. 

2. Bierman, W., and Fishberg, Ella H., Some physio- 

logic changes during hyperpyrexia induced by phys- 
ical means. J. A. M. A., 1934, 103, 13o4. 

3. Bishop, F. W., Horton, C. B., and Warren,^ S- •• 

A clinical study of artificial hyperthermia 
by high frequency currents. Am. J. M. Sc., -> 
184, 515. 

4. Bunker, H. A., Jr., Serial hourly leukocyte counts i 

tertian malaria, as observed in malaria-trcate 



LEUKOCYTOSIS IN’ ARTIFICIAL FE\’ER 


433 


general paralytics. Am. J. M. Sc., 1926, 172, 
681. 

5. Caillcf, 0. R., and Simonds, J. P., Repeated ex- 

posure to high temperature; effect on Ij-mphoid 
tissue and on Icukoc>'tc count. Ardi. Path., 1929, 
8, 622. 

6. Hinsie, L. E., and Blalock, J. R., Leucocj'tes in gen- 

eral paralysis treated by radiothermy. Psychiat. 
Quart, 1931, 5, 432. 

7. Hinsie, L. R, and Carpenter, C. M., Radiothermic 

treatment of general paralysis. Psychiat. Quart., 
1931, 5, 215. 

8. Lawrence, J. S., and Josey, .A.. I., Studies in the 

physiologj- of the eosinophil. II. The effect of 
subcutaneous and intraperitoneal injections of B. 
coti on the white blood cells of the guinea-pig 
III. The effect of the intraperitoneal injection of 
ammonium chloride on the white blood cells of 
the guinea-pig. IV. The effect of intraperitoneal 
and intravenous injections of sodium bicarbonate 
solution on the white blood cell picture. Folia 
Haematologica, 1932, 48, 313, 323, 330. 

9. Knudson, A., and Schaible, P. J., The effect of ex- 

posure to an ultra-high frequency field on growth 


and on reproduction in the white rat Arch, 
Path., 1931, II, 723. 

10. Lawrence, J. S., Huffman, M. M., Jones, E., Had- 

dock, S. J., and Nowak, S. J. G., Variations in the 
number of white blood cells associated with ex- 
perimental obstructive jaundice. Arch, Path., 
1930, 9, 683. 

11. Murphy, J. B., and Sturm, R, Effect of dry heat on 

the blood cormt in animals. III. Studies on 
lymphoid activity. J. Exper. Med., 1919, 29, 1. 

12. Nakahara, W., The source of the lymphocytosis in- 

duced by means of heat. J. Exper. Med., 1919, 
29, 17. 

13. Ne>Tnann, C. A., Principles and Practice of Physical 

Therapy. In “ Hyperp>xexia Produced by Physi- 
cal Agents.” Vol. I, Chap. 17. Pemberton and 
Coulter, Hagerstown, Md., 1933. 

14. Perkins, C. T., Hyperthermia in dementia paralytica. 

I. (a) Blood chemistrj- studies (concluded). 11. 
Studies on the blood count. Arch. Phys. Ther- 
apj-, 1933, 14, 461. 

15. Tenney, C. F., Artificial fever produced by short 

wave radio and its therapeutic application. Ann. 
Int. Med., 1932, 6, 456. 




ox AX URTICARIAL RESTOXSE TO LIGHT AXD ITS PHOTOPHYSIOLOGY ^ 

By HAROLD F. BLUM, H. ALLIXGTOX akd R. WEST 

(Frnii! Ihr Dii-isioa of Physiology. Uitiz'orsity of California Medical School and 
the Cozccll Memorial Hosfital, Berkeley) 

(Received for publication Januarj- 28, 1935) 


The opportunity has recently been aEorded to 
study a ease of ahnornial sensitivity to sunlight 
which fits the description of urticaria Solaris given 
by Duke (1923) and others. Certain observa- 
tions have been made which shed considerable 
light upon the photojihysiologv- and pholopathol- 
og\- of skin and will be described herein. The 
clinical findings will be reviewed elsewhere in the 
near future and it will suffice here to say that the 
patient has appeared at the time of our observa- 
tions, and subsequently, to be completely normal. 
e.xcept in the fact that a few minutes’ exposure 
to sunlight produces an immediate and severe ery- 
thema and edema accompanied by itching. The 
type of reaction involved appears to be sharply 
differentiated from the normal reactions of the 
skin to light, and in the following discussion we 
will follow the plan of contrasting the two phe- 
nomena. 

General description. When a portion of the 
skin of this individual is exposed to sunlight for 
a few minutes, a marked enthema and edema ap- 
pear. W'ith short exposures, say two minutes, 
the er}-thema may not appear until a few minutes 
after the cessation of the irradiation. This erv'- 
thema is discreeth- limited to the area exposed. 
After a short time edema appears, likewise re- 
stricted to the exposed area, and still later an 
erj'thema develops surrounding and spreading 
outivard from the edematous area. Figure 1 
shows the appearance of the edema and erythema 
following an irradiation of three minutes. A 
ver\- short exposure may result in an erj-thema 
only, without edema. In all cases, even the most 
severe, both edema and erj-thema disappear in the 
course of a few hours, leaving no discoloration of 
the exposed skin nor any other trace of the oc- 
currence. 

The resemblance to the “ triple response " de- 
scribed by Lewis (1927) is striking. He clearly 


<lemonstrated the similarity of such reactions to 
that produced by histamine pricks and fonnulated 
the hypothesis that a histamine-like ’’ H ” sub- 
stance is released as the result of cell damage and 
is responsible for the “ triple response.” We are 
immediately led to the hypothesis that in the case 
lierein described, a photochemical reaction occurs 
in the skin which results in the release of “ H ” 
substance. 

This type of response differs verr- markedly 
from the reaction of normal skin to ultraviolet 
light. For example, immediately following ex- 
posure of a normal skin to the radiation from a 
quartz mercurr- arc. no erythema is observable 
other than a slight one produced by heat. After 
a period of an hour or more, an ervthema appears 
which may persist for a day or more, and pig- 
mentation begins to appear before this erjlhema 
has subsided; edema does not ordinarily occur 
as a result of moderate doses. Y’hile Lewis 
(1927) believed that the delayed ervthemic re- 
sponse following ultraviolet irradiation is an ex- 
ample of the “ triple response.’’ resulting from 
the elaboration of " H ” substance, Krogh (1929) 
contended that it is probably dependent upon the 
production of another less diffusible substance. 
At any rate, the difference in the rate of appear- 
ance of the abnormal response and that of the 
normal, a matter of minutes as against hours, in- 
dicates a distinct difference in the two processes 
even if both be the result of production of " H ” 
substance. 

The active -coaz'c lengths. In Figure 2A is 
shown a cuia-e representing the relative effective- 
ness of the war-e len.gths which elicit the erythema 
of normal skin.- It will be seen that the ery- 
thema-producing radiations are limited to those 
of wave lengths less than 3200 A. and that there 
is a sharp band of active wave lengths having its 
maximum at 2970 A. Proceeding tov.-ard the 

-The cun-e i? taken from that of Lukiesh, Ho'i;ad.v.- 
and Taylor (1930). 


^ This investigation was assisted by a grant from the 
oard of Research of the University of California. 
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Fig. 1. Urticarial reaction of skin of back following 3 minutes of exposure to 
sunlight. The square area of edema corresponds to the area exposed to the sun’s 
rays. The spreading area of erythema around the edematous region is clearly shown. 


short wave lengths of the spectrum, a minimum 
occurs at about 2800 A followed by a second in- 
crease in effectiveness. Three groups of workers 
agree on the position of the maximum at 2970 A, 
hut there is not complete agreement as to the 
values for tile shorter wave lengths. In general 
there seems to he some di.sagreement as to 
whether [)igment jtroduction corresponds to ex- 
actly the same wave lengths as er\-thcma jjroduc- 
tion. hut certainly the agreement is good in the 
region of 2970 A.-" 

I'rom the curve it is reasonable to assume that 
the maximum at 2970 A reiire.-ents an alL<orj)tion 


■■ a di^cU'^il'n of tluL sec L.iurcn' (1*U3L 


hand of some compound which when activated 
brings about reactions which end in the produc- 
tion of erythema and jhgmentation. Obviously, 
an abnormal sensitivity to sunlight might repre- 
sent an enhanced activity of this normal ery- 
thema-producing mechanism, but in this case the 
wave lengths active in bringing it about iiiksI be 
the same as those which elicit the normal reaction. 

For this reason it is important to know the 
wave lengths which arc active in bringin.g about 
abnormal skin efTccts, and we have made a suffi- 
cient numlier of observations to determine eftec- 
tivelv the wave lengths which bring about the 
abnormal edema aufl erythema in our patient. 
Table I shows the results of various exjiosurcN to 
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Fic. 2. A, spectral region produdng normal delaj-ed erjthema 
response (after Lucldesh, Holladay and Taylor (1930)). B, spec- 
tral region producing abnormal “triple response” in our patient 
(roughly approximate). C, transmission of Coming 986 filter. 
The approximate spectral position and relative intensity of the 
lines emitted by the quartz mercury arc are also shown. D, ab- 
sorption spectrum of “ hematoporphyrin.” (Composite from sev- 
eral porphjTins, after Hausmann and Krumpel (1927).) 


the sun’s ra3-s. An examination of these data 
■will demonstrate that the active wave lengths lie 
between 3900 and 5300 A and that only the re- 
gion between 4100 and 4900 A is very active, 
since only er}Thema or very slight edema was 
produced after long exposure to the region be- 
tween 3900 and 4100 A, and to that bettveen 
49(X) and 5300 A. Thus for rough purposes we 
maj' saj' that the active region lies between 4000 
and 5000 A. Observations using the quartz mer- 
cury arc, which are also described in Table I, 
correspond with those for sunlight. Fifteen min- 
utes of irradiation at 25 cm. distance, with the 
4050 A line rirtuallj^ removed and all longer wave 
lengths in the visible region completely eliminated 
bj' the use of Coming 986, failed to produce any 
trace of the immediate “ triple response,” although 
It produced a strong delaj^ed erythema followed 


by pigmentation. On the other hand, the full 
radiation from the arc, or only those lines passing 
through window glass, i.e., above 3200 A, pro- 
duced a slight erythema in the same time. Ref- 
erence to Figure 2C shows the lines of the mer- 
cury arc; the general lack of radiation in the 
spectral region producing the immediate “triple 
response,” i.e., between 4000 and 5000 A, is eri- 
dent. B}" controlling various factors it might be 
possible to obtain a more exact estimation of the 
effectiveness of ■\’arious wave lengths, but as it 
seemed that little was to be learned from more 
exact data this studj- was not carried further. 

So far as thej* go, these observa.tions demon- 
strate a number of very striking facts. In Fig- 
ure 2B the active wave length for this response is 
represented approximate!}' and may be compared 
with that for the erv-thema response of normal 
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the circulation remaining cut off during this 
period. A corresponding portion of the opposite 
arm was exposed simultaneously for comparison. 
After the reactive hyperemia following removal 
of the cuff had subsided, the two arms were com- 
pared ; both showed erythema and edema in com- 
parable degree. This was true in a number of 
experiments. While these results would suggest 
that O 2 is not necessary for the reaction, they 
cannot be considered as absolutely eliminating this 
possibility, since it is impossible to say definitely 
whether or not a high degree of anoxemia was 
produced in the skin of the arm, and Blum and 
Spealman (1934) found that a very low O, ten- 
sion must be established in order to abolish such 
reactions. Thus the results cannot be accepted 
as conclusive, although if they were they would 
indicate that the reaction herein described does 
not belong to the type of photosensitization pro- 
duced by hematoporphyrin in the laboratory. 

On considering these facts we were not sur- 
prised to find that porphyrin could not be demon- 
strated in the urine of our patient. Duke (1925), 
Frei (1925) and Vallery-Radot et al. (1926) 
were likewise unable to demonstrate porphyrin 
in the urine of their patients. 

We must look further for a pigment which 
will satisfy the requirements, but we have no 
great hope of success. Bile pigments are re- 
ported to be photoactive but their absorption spec- 
trum does not meet the requirements, and more- 
over our patient showed no indication of jaundice 
and no excess of bile pigments in the urine. We 
know of no hem compound which has the re- 
quired absorption spectra. The “ yellow fer- 
ment ” of Warburg and Christian (1933) has its 
absorption in the same spectral region which is 
effective in the production of the immediate 
"triple response,” but any explanation in terms 
of this compound must be highly speculative. 
For the present we must be content with evidence 
proving the existence of a photosensitizing sub- 
stance without being able to identify it. 

Relationship to other conditions. As Lewis 
(1927) has pointed out, many irritating sub- 
stances may produce the " triple response.” Thus 
the urticarias, while probably all resulting from 
tissue injur)' and resultant “ H ” substance pro- 
duction, may be brought about by quite dissimi- 
lar mechanisms. It seems probable that the 


present example of photosensitivity has little re- 
lationship with the allergies, though the tendency 
has been to place such cases in this class (see 
Duke, 1925). The fundamental mechanism 
would appear to be different, namely, the produc- 
tion of " H ” substance following the photoacti- 
vation of a particular kind of light-absorbing 
molecule. The classification of this type of re- 
action with the " physical allergies,” e.g., reactions 
to 'heat and cold, by Duke (1925) is perhaps 
somewhat misleading; actually the problem is a 
photochemical one and is simplified when con- 
sidered as such. 

The relationship to other types of photosensi- 
tivity, e.g., hydroa, eczema solare, lupus erythema- 
tosus, etc., is extremely interesting. While it is 
possible that all such conditions have a common 
etiological factor, this is by no means a necessary 
assumption and seems highly improbable. The 
symptoms are different enough to be given dis- 
tinctly separate clinical classifications, although 
the custom seems to differ. Rasch (1926) sug- 
gests a relationship between certain of the sepa- 
rately classified conditions, but the identity of a 
common photochemically active sensitizer has 
never been definitely established, and in only one 
condition — ^that herein described — ^lias the spectral 
region of absorption of such a sensitizer, i.e., the 
effective wave lengths, been clearly delimited. 

Duke (1923) has described a case in all ways 
comparable with ours, in which the response was 
likewise elicited by violet and blue light. The 
case described by Frei (1925) and the two by 
Vallery-Radot et al. (1926, 1928) were also defi- 
nitely sensitive to violet and blue light, and the 
latter investigators delimited the spectral region 
between 4000 and 5500 A (1926), which agrees 
with ours within the accuracy of the methods. 
One of Wucherpfennig’s (1928) cases (desig- 
nated HW.) probably belongs to this group. 
Although the active wave lengths given by tin's 
author do not agree exactly with ours, there seem 
to be objections to his method of measurement 
which may account for the apparent difference. 
The cases described by Ward (1905) and b> 
Cummings (1926) were also sensitive to wave 
lengths greater than 3200 A,^ but the spectra 
region was not delimited further than by the ob- 

Through window glass. 
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sen-ation that the patients were sensitive through 
wndow glass. Their cases probably represent, 
however, the same condition as that described 
herein. 

The case which Beinhaucr (1925) studied and 
described as urticaria Solaris manifested an im- 
mediate “ triple response ” and was in this respect 
similar to the cases mentioned above. However, 
in that case the response was elicited by an alto- 
gether different part of the spectrum, i.e., bj^ 
wave lengths shorter than 3200 A.“ Therefore, 
it must have been etiologicall}’ different. Two of 
Wucherpfennig’s (1928) cases (designated Pa. 
and Mi.) may or may not belong to the same 
category as Beinhauer’s but are certainly not the 
same as ours, Duke’s or Vallery-Radot’s. 

The case of Weiss (1932) was apparently dis- 
tinct from ours in that the urticarial reaction was 
delayed about four and one-half hours, and that 
it was produced by quartz mercury arc radiation, 
which was barely effective in our case. 

In the very' interesting series of Barber, Howtt 
and Knott (1926) all the patients appear to have 
shown some degree of eczema, which was absent 
in our case and in those to which reference has 
just been made. It would seem proper, therefore, 


some patients with hydroa show a greater sensi- 
tivity to ultraviolet radiations, others may show 
an increased tolerance to such radiations. Un- 
fortunately, few of the investigators of this con- 
dition have used sunlight in their tests; yet this 
is the radiation to which the patients are most 
frequently exposed and it is the most powerful 
source of visible light readily at hand. 

From this brief resume it would appear that 
no common etiological factor for photosensitivity 
in man has been demonstrated, and that there al- 
most certainly exist more than one. Since the 
etiological factor in photosensitization must be 
the photoactive compound which absorbs the light, 
it would seem highly important to attempt to char- 
acterize this factor in terms of the wave lengths 
of light which produce the clinical effects. The 
determination of this spectral region is as impor- 
tant in the diagnosis and classification of these 
diseases as is the isolation of the microorganism 
associated with a bacterial disease. 

Since these cases are rare, it is hoped that they 
will be carefully studied when discovered. The 
writers would greatly appreciate receiving reports 
of any such cases and would gladly cooperate in 
giving advice or assistance where possible. 
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Jaboulay (1) appears to have been the first to 
lertorm the operation of periarterial neurectomy 
n man. The procedure, however, did not achieve 
popularity until after the appearance of a series 
51 papers by Leriche and hi.s a.-^socialcs (2. 3). 
The effect on patients suffering from peripheral 
vascular disease has been especially extensively in- 
vestigated. Denervation of the kidneys more re- 
cently has been performed on patients suffering 
from nephralgia and hydronephrosis, success be- 
ing achieved in the relief of pain. 

AX.tTOMICAL 

The renal nerve supply is derived mainly from 
the celiac ganglia with small branches from the 
plexuses around the adrenal gland and the aorta. 
Usually one branch comes from the splanchnic 
nerves direct. Through the celiac ganglion the 
renal nerves are brought into connection with the 
splanchnic nerves and with the vagus. The vagus 
nen-e also sometimes sends a direct branch to the 
kidneys. A few branches are received from the 
superior mesenteric ganglion. 

It has long been recognized that the splanchnic 
nerves form the chief vasomotor supply of the 
kidneys. Bradford (4) found that stimulation of 
the anterior roots of the cord from the sixth 
thoracic to the second lumbar segment caused the 
kidneys to constrict. Of the.se roots the tenth to 
twelfth dorsal were most effective. Vasodilator 
fibers were also present but were weak in com- 
parison with the constrictors. 

Langley and Anderson (5). Jost (6). and Hirt 
(7) have clearh- demonstrated fibers coursing 
from the third, fourth, and fifth lumbar ganglia 
to join the renal plexus. Most of the nerves are 
non-medullated, but some in the plexus are mv- 
elinated (Renner (S)). Ganglion cells which are 

^ Delivered at the International Medical Assembly. In- 
terstate Postgraduate Medical .Association of Xorth 
-America. Philadelphia, Xovember 8, 1934. 


numerous within the plexus are not found in the 
renal parenchyma. 

Smirnow (9) observed that the nerves follow 
the blood vessels into the renal tissue even to the 
smaller capillaries. Motor nerve endings were 
seen in the smooth muscle of the vessels, as well 
as small nerve fibers in the capillary- tuft of the 
glomeruli, the glomerular membrane and in the 
tubules. Sensory- nery-e endings occurred in the 
smooth muscle of the pelvis and in the connectiy-e 
tissue of the adventitia and media of most renal 
vessels and the capsules. Secretory- nery-es to the 
kidneys hay-e never been cony-incingly demon- 
strated (Cushny (10)). 

PHVSIOLOGrCAL 

Section of the splanchnic nery-es in animals yvas 
shown by Claude Bernard (11) to be followed 
by increased excretion of urine more dilute than 
normal. This obsery-ation has been confirmed 
many times (Eckhard (12), Klecki (13) Grek 
(14), Rohde and Ellinger (15), Asher and 
Pearce (16), Jungmann and Meyer (17)). It 
also increases markedly the elimination of chlo- 
rides and carbonates and to a less e.xtent that of 
urea, phosphates and sulfates. Elimination of 
creatinine, ammonia and phenolsulfonphthalein is 
unchanged according to Marshall and Crane (18). 
Section of the splanchnic nery-es in frogs causes 
more glomeruli to fill yvith blood than in the con- 
trol kidney (Bieter (19)). Should polyuria, in- 
creased blood floyy- and increased e.xcretion of salt 
and urea, occur folloyy-ing denery-ation of the kid- 
neys in padents. it would be of benefit. 

Burton-Opitz and Lucas (20) shoyved that the 
vasoconstriction following stimulation of the 
splanchnic nery-es or renal ple.xus occurs only- 
on the side stimulated. Complete section of the 
renal nery-es in animals yvas probably first per- 
formed by Carrel and Guthrie (21. 22). They 
were able to transplant both kidneys from one 
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dog to another after having removed both kidneys 
from the latter. Except for some protein, the 
urine e.xcreted was normal, 'riiis work was con- 
firmed by Dedcrer (23, 24), Ibnka (25), and 
Holloway (26). who further showed that homeo- 
transplants function adequately for some time. 

Lobenhofi'cr (27) found that transplanted kid- 
neys remain histologically normal at least for a 
few weeks, nor was there any difference in trans- 
planted and normal kidneys in their ability to ex- 
crete water and sodium chloride. Diuresis in- 
duced by hydremia showed that vascular efficiency 
wa> maintained. 

.\niinals in which total hypophyscctomv fol- 
lowed l)v dcccrchration had been jierformed did 
not exhihit increased How of urine or any marked 
change in the output of chloride (Fee (28)). 
Denervation of the kidneys, however, resulted in 
the production of large amounts of hypotonic 


urine. Administration of pituitrin reduced the 
increased output to normal. Bayliss and Fee 
(29) found that perfusing innervated kidney.s 
with heart-lung ])reparations, unlike isolated per- 
fused kidneys, did not excrete large amounts nf 
hypotonic urine until denervation was efleclcd. 

Renal denervation, just as splanchnic section in 
normal dogs, results in diuresis which may jicrsi-st 
for months (Rohde and Ellinger (15), Sticrlin 
and Yerriotis (30), Caldwell. Marx, and Kown- 
Irce (31)). or not more than two weeks (Oninhy 
(32)). The total amount of water, chlorides 
and urea eliminated was greater on the dcncrvateo 
side, and with little change in the amount of cre- 
atinine and phcnolsulfonphthalein (iMarshali and 
Rolls (33). Milliken and Karr (34), Kiisakari 
(35)). 

llecht’s e.\'])eriinent (36). in which oil wa- in- 
jected into the aorta after tying the ves-el di-tal 
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to tlic renal arteries, slinwed tiiat more oil cntercf! 
the ve.ssels of the denervateci tlian the normal kid- 
ney. Milles. Midler and Petersen (.37) also 
found by x-ray c.xamination of injected kidneys 
that denervation caused chronic vasodilatation. 

Oninhy (.32) tested the res])onse of denervated 
kidneys to intravenous injection of hyjjcrtonic so- 
lutions of sodium chloride, urea and caffeine, and 
found that the reactions were jiractically identical 
with those of normal kidneys. 

Rhoads. \'an .Slyke. Hiller, and .Mving (.38) 
have shown that infiltration with novocainc or 
section of the renal ncrve.s in dogs v.-as without 
consistent effect on either the excretory efficiency 
of the kidney, as measured hy the urea clearance, 
or on the renal blood flow. There appeared, 
nevertheless, to he a ]iossil)ility that the renal 
blood flow, and with it the function, might be in- 
creased in nephritic patients by denervation. 

Miiller and Petersen (39) obser\'ed that de- 
neiwation prevented infection of kidneys by colon 
bacilli infused intravenously. X-ray photographs 
taken after injection of an opaque medium showed 
that dilatation of the larger arteries had ocairred 
on the denen-ated side. Chilling animals caused 
constriction of the renal vessels in the innervated 
but not in the denervated kidneys. (Milles. Mul- 
ler, and Petersen (40)). If the chilling was re- 
peated daily, morbid changes occurred in the vas- 
cular bed of normal kidneys, conversely dener- 
vated kidneys remained unaltered. Clinical ob- 
servation has implicated chilling of the skin as an 
important cause in the initiation of nephritis and 
in the appearance of exacerbations. Physiolog- 
ical evidence indicates that the caliber of the ves- 
sels of the kidneys follows closely that of the skin 
vessels (Cohnheim and Roy (41), Wertheimer 
(42)). Denen-ation in patients might dissociate 
these functions as it does in animals. 

Hecht (43 ) found that suspensions of clumped, 
attenuated Staphylococcus aureus injected into 
the veins of rabbits caused more micotic abscesses 
to develop in normal than in denervated kidneys. 
If denen-ated kidneys are less susceptible to in- 
fection than are normal ones, denen-ation might 
he of therapeutic value in some conditions. 

Xormal kidneys excrete intravenouslv injected 
Bacillus prodigiosus in a wave-like fashion. Fol- 
lowing denen-ation the number excreted -was 


greath' reduced and the e.xcretion became con- 
tinuous (Milles and Xedzel (44;). It is possible 
that intermittency of e.xcretion was due to periodic 
activitv of the glomeruli (Richards and Schmidt 
(45))'. 

Kidneys of dogs following injection of colon 
bacilli, were not apparently injured for a period 
of about 30 minutes but. with the onset of chills, 
albumin, red blood cells and bacteria appeared in 
the urine (Muller. Petersen and Rieder (46)). 
If one kidney had been denervated. it continued 
to e.xcrete normal urine after the injection of bac- 
teria in spite of chills, iloriconi (47) tvas un- 
able to prevent the appearance of suppurative 
nephritis in dogs by decapsulation and denen-ation. 

It has been a favored theort' that arterial hyper- 
tension in nephritis is due to nen-ous reflexes 
originating in the kidneys. Experiments per- 
formed on dogs by Page (48). in w-hich renal 
hypertension had been produced by constricting 
the renal arterv- (Goldblatt. Lynch, Hanzal and 
Summen-ille (49)). did not support this view. 
He show-ed that hypertension resulted even when 
the nen-e supply to the kidneys was severed. It 
was considered important to ascertain in patients 
whether the renal nen-es were concerned in the 
genesis of nephritic hypertension. 

PRE\-IOUS CLIXICAL D.AT.-t 

Temporary- partial denen-ation of the kidnevs 
has been attempted by means of paravertebral in- 
jections of local anesthetics. Wiedhopf (50) 
found that blocking the 11th and 12th dorsal and 
the first lumbar segments in patients produced an 
increase m urine and sodium chloride excretion, 
but Lurz and Rohrich (51) rvere unable to con- 
hrm this. Three cases of reflex anuria were 
thought by Haslinger (52) to be benefited by 
paravertebral injections of novocain. Splanchnic 
anesthesia also has its advocates in the treatment 
of reflex anuria (Xeuw-irt (53), Havlicek (54)). 

Renal denerv-ation in man was probablv first 
performed by Papin (55) and by Legueu and 
Flandrin (56) for relief of pain in the kidnevs. 
Since that time a number of urologists have per- 
formed the operation for nephralgia and painful 
conditions arising from contractions of the renal 
pelvis (Harris and Harris (57). Herbst (BS}, 
Hess (59), Stone (60)). Milliken and Karr 
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(34) and Hess (59) from theoretical considera- 
tions gave the following indications for renal 
denervation : 

1. Nephralgia, with or vathout accompanying 
non-obstructive h 3 ^dronephrosis. 

2. Unilateral hematuria without evidence of 
renal pathology. 

3. As an adjunct to the removal of stones in 
the pelvis, with the hope that clenerA^ation ma}’’ 
prevent subsequent recurrence. 

4. Anuria that lasts longer than a feAv hours. 

5. Early tuberculosis. 

Rieder (61) has reported the results of unilat- 
eral denervation in the case of a patient suffering 
from what appeared to be early malignant 
sclerosis. The blood pressure was 240/110 mm. 
Hg, the nonprotein nitrogen 52 mgm., and the 
urine contained red blood cells and albumin. 
There were no eye-ground changes. Nine months 
after operation the blood pressure was 140/90 
mm. Hg, and the nonprotein nitrogen in the blood 
was normal. The urine excreted from the de- 
nervated kidney was less concentrated than that 
from the other kidney. Subjectively the patient 
was much improved. 

If. as Volhard (62) believes, nephritis is caused 
by spasm of the vessels within the kidneys, pro- 
vided the spasm is maintained by the nerves to 
the vessels, denervation should relieve it and in- 
crease the blood flow. General experience with 
the operation of denervation indicates that inter- 
ruption of the nerve supply to vessels which are 
spastic restores normal tone, but that denervation 
of vessels ivith normal tone has little effect. 

Page and Heuer (63) have shown that dener- 
vation of the kidneys in a patient with essential 
Inqjertension did not change the renal efficiency 
as measured by the urea clearance nor did it sig- 
nificantlv reduce tlie abilitv to concentrate urine. 
Measurements ])erformed before the oi)eration in- 
dicated that renal function was normal. 

Selection of patients for operation 

Our intention was to select patients in whom 
nephritis had become chronic and progressed so 
far that, on the basis of previous observations 
(\'an Slyke. Stillman, et ai. (64)'). further prog- 
ress to the terminal stage appeared certain unless 
corrected by therapeutic means. In order to 


avoid too great hazard in the operation, hmvei-er, 
cases were chosen in which the urea clearance was 
still well above the 20 per cent level, Avhich marks 
entrance into the terminal stage. The onset of 
the nephritis had occurred 16 months before op- 
eration in the earliest case and 26 months in the 
latest. Evidence of the clinical condition is given 
b}"- the graphic charts. 

METHODS OF STUDY 

The patients were studied in the hospital several 
months before operation was performed. Reliance for 
studies of renal efficiencj’’ was placed on the urea clear- 
ance test of M filler, A'fcintosh, and Van Slyke (65), not 
only because it is the most delicate test, but because 
Van Slyke, Rhoads, Hiller and Alving (66) have shown 
that in dogs it parallels the renal blood flow. The ability 
of the kidneys to concentrate urine was ascertained by 
the technique of Addis and ShevlcA’- (67), in Avhich one 
measures the specific gravit)'- of a 12-hour specimen of 
urine passed during the latter half of a 24-hour period, 
during which the patient received no fluids. A West- 
phal balance, modified bj^ Alving and Van Slyke (68), 
was employed for the determination. Correction was 
made, as described by Lashmet and Newburgh (69), for 
the gravity contributed by the protein present in tlic 
urine. The figures thus represent nonprotein specific 
gravity of maximum concentration. Urinary protein 
was estimated by the Shevky-Stafiford method (70). 
Red blood cells and casts were counted according to the 
technique of Addis (71). The hemoglobin of the blood 
was recorded in terms of volumes per cent of oxi'gen 
capacitj% Plasma proteins were ascertained by the 
method of Howe (72). Plasma lipids were measured 
bj"- the method of Kirk, Page and Van Slyke (73). Blood 
pressure measurements were made at about 9:30 a.ni. 
with the patient in bed. On the charts these measure- 
ments for each week are averaged for convenience in 
representing them. Clianges in the eyegrounds are re- 
corded as follows: (1) constriction of the arterioles, (-) 
arteriolosclerosis, (3) e.xudate, (4) hemorrhages, (•'>) 
papilledema. The estimated time elapsing between on- 
set of the disease and admission to the hospital is re- 
corded in the lowest line on the charts, as the first number 
following the word “ months." Diets were for the nm.V 
part relatively high in protein and constant in caloric 
intake. They were supplied by a diet kitchen.' 

Operative proeedurc 

The technique of bilateral renal denervation as we bnu- 
performed it ma\’ briefly be described as follow.''. Lmei 
general anesthesia the usual kidney incision is made u[i 
the right side, the perirenal fat separated, and the kidne,- 
exposed. With great care, in order to avoid bleeding. 

1 We wish to thank Miss G. Drew for her sliiliul ni.v.- 
agement of the diets. 
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Fig. 2. Ofer.\ti\-e Exposure of the Kidney Showing the Xer\-es of the Ren.^l Pedicle. 


the fat is stripped away from the kidne}', which is gradu- 
ally coinpletely freed and drawn well outside of the body. 
The ureter, renal artery, and vein having been identified, 
the renal vessels are stripped of all fat downward to 
their point of origin. If the freeing of the vessels is 
meticulously performed, the operator then will plainly 
see the sj-mpathetic nerves coursing from their origin to 
the kidney. The}' appear as a fan-shaped, triangular 
mass upon both the dorsal and ventral aspects of the renal 
vessels, the base of the triangle being directed toward 
the aorta and vena cai-a, the apex converging upon the 
renal vessels. Upon reaching the renal vessels, the 
neiwes apply themselves more closely to them and sur- 
round them in a more or less well defined basket weave 
ple.xus. 


The nen-es having been identified their exdsion is be- 
gun. Beginning upon the ventral aspect of tlie vessels 
e-xposed by drawfng the kidney backward, the fan-shaped 
mass of nerves is careful!}' freed and divided near the 
vena cava. The mass is grasped, drawn upward and out- 
ward, and the nerves stripped from the artery and vein 
up to their entrance into the kidney. Having completed 
the removal of the nerv'es from the ventral aspect of the 
vessels, the kidney is drawn forward and a similar resec- 
tion of the nerves upon the dorsal aspect of the vessels 
is performed. These two procedures remove practically 
all the nerves to the kidne}'; but there may remain a few 
which are applied to the opposing surfaces of the artery 
and vein. These vessels are therefore separated, and a 
search made for any remaining neri'es. If fo'und the}' 
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are resected. At the completion of the operation the 
artery and vein should appear as naked, isolated struc- 
tures completely stripped of all nerves. The kidney is 
then replaced in its fatty bed, and the wound closed. 
Two weeks to a month or more later a similar operation 
is carried out upon the opposite side. 

The operation has been well borne both during and 
after the procedure. Neither the renal artery or vein 
has been injured in any patient thus far subjected to 
operation, nor has there been a single incident to mar the 
postoperative convalescence. E.xperience has shown that 
adequate exposure is of the greatest importance in the 
performance of the operation, and we have, therefore, 
when operating upon the left side, unhesitatingly divided 
the twelfth or the twelfth and eleventh ribs in order to 
secure it. 

PROTOCOLS 

Case 1. (See Figure 3.) Hospital Number 8333, 
(E.A'IcG.), female, age 57 years. The onset of the disease 
was insidious in character seven months before admission 
to the hospital. She complained of severe headaches, 
nausea and scanty passage of urine. Dr. E. Mayne 
found hematuria, albuminuria, edema, and the blood pres- 
sure elevated to 210 mm. of Hg. Rest and a low protein, 
low salt diet did not improve her condition, and as she 
appeared to be raipdiy getting worse she was referred 
to the hospital by Dr. Mayne. Edema had been especially 
severe and troublesome. 

The physical examination disclosed that the eyegrounds 
were normal except for a small fresh hemorrhage in the 
right retina. The heart was very slightly enlarged. 
The radial vessels were thickened and slightly tortuous. 
Pitting edema was observed up to the knees. Blood 
pressure was 198/104 mm. of Hg. Inhalation of amyl 
nitrite caused it to fall 58 mm. of Hg systolic and 40 mm. 
diastolic. The electrocardiogram showed all the T waves 
positi\'o, conduction time 0.16 seconds, moderate left 
ventricular preponderance. 

Twenty-three months after the onset of the disease it 
was clear that the urea clearance was stabilized at about 
50 i)cr cent of normal and that maximum concentrating 
ability was 1.020. The hemoglobin rose to normal and 
hematuria disappeared. Total plasma protein also ap- 
proached normal, but the albumin fraction remained at 
3 per cent. Excretion of protein in the urine fluctuated 
little from 5 grams in 24 hours. Tlie blood pres.sure 
varied from 160 to 200 mm. of Hg systolic and SO to 
110 mm. diastolic. 

Ivight renal denervation was i)erformcd March 3, 1934. 
during the 24th month of the disease. The kidney was 
bound down by many dense adhesions but was found 
to be of normal size. It was moderately scarred, and 
the renal arteries were smaller than normal, were beaded, 
and showed definite sclerosis. The masses of nerves re- 
moved showed on sectit'u that the majority were non- 
inyelinate<l. hut a few myelinated nerves were present. 
Tlie postoperative cour.'e wa< utieventful. and at no time 
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did oliguria develop. The urea clearance te.st periornic'l 
IS davs after operation showed that it had ini;>roM' 
slightly. About three months later cystoscofiy was done 
by Dr. O. I.owsley, and the urea clearance uns p'T- 
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formed on specimens from tlie catlieterized ureters. The 
results were ns follows : 



Time ! 

('or- 

urine 

volume 

per 

rninuie 

1 l*rra ' 

i " 1 

nioo<! , 
' urea N 

1 

1 Clear- 
1 ance 

1 in per 
cent of 
j nor- 
i mal 

Denervated kidnev. . 

r:ir.utfs 

30 

.62 

1 fr.zm. i 

1 5SO.O 

rrcK. 

23.49 

i 36.2 

Control kidnev 

30 

.59 

; 528.0 i 

1 1 


31.9 


Six months after operation the urea clearance had not 
changed from the preoperative level. -Miility to concen- 
trate urine rose from 1.020 maximum nonprotcin specific 
gravity to 1.027. The protein excretion in the urine fell 
sharply to less than one gram in 24 hours. The blood 
pressure fell and remained at almost 150/90 mni. of Hg. 
but has shown a definite tendency to return to the pre- 
operative level. Subjectively the patient feels much im- 
proved and has returned to her household and social ac- 
tivities. \Ve have not urged the dener\-ation of the left 
kidney. 

Case 2. (See Figure 4.) Hospital Xumber 8634. 
(E.G.) female, aged 22 years. The onset of the disease 
was acute three months before admission to the hospital. 
She suffered from a severe sore throat and two weeks 
after its onset woke up one morning to find edema of 
her face, hands and feet. Two days later ascites devel- 
oped. Hematuria and albuminuria were found, and the 
blood pressure was 150/90 mm. of Hg. The patient 
began to vomit and suffered from severe headaches : con- 
sequently she was referred to this hospital by Dr. H. 
Greisman. 

Phj'sical examination disclosed marked edema of the 
legs and a small amount of fluid in the abdomen. In both 
eyegrounds there were numerous old and fresh hemor- 
rhages. Anemia was very marked, and the blood pres- 
sure was 158/98 mm. of Hg. Gastric analysis showed 
that there was no free HCl in the fasting specimen and 
none 40 minutes after alcohol, but 33 after histamine. 
Total acid in the fasting specimen was 3.1, 11.4 after 
alcohol and 47.0 after histamine. The pH of the serum 
was 7.24, CO., 17.29 millimols per liter, chlorides 109 
milli-equir-alents, and total base 148.2 milli-equivalents 
per liter. Blood lipids were as follows : total fat 1896 
mgm., total cholesterol 718 mgm., free cholesterol 194 
tngm., ester cholesterol 524 mgm., lipid amino-nitrogen 
12.a mgm., lipid phosphorus 19.8 mgm., total lipid nitro- 
gen 35.5 mgm. per 100 cc. of plasma. 

One month after admission paravertebral anesthesia 
was administered by Dr. H. Wertheim at Dr. A. Alving's 
suggestion. Xovocain was injected on both sides of the 
■vertebrae from the ninth thoracic to the first lumbar seg- 
ments. Two hours prior to the injection the clearance 
was 13.9 per cent of normal. Two hours after the anes- 
thesia it was 15.2 per cent and 14.1 during the ne.xt two 
hours. Evidently paravertebral novocain anesthesia had 


no effect on the renal blood flow as measured by the urea 
clearance test. 

During the next seven months, as shown by Figure 2, 
urea clearance and hemoglobin rose steadily. Thereafter, 
however, no further improvement occurred, and it became 
evident that the case had become chronic. The most con- 
centrated urine the patient could excrete had a specific 
gravity of 1.012, and there was only a slight increase as- 
sociated with the rise in urea clearance. Other data are 
evident from the chart. 

Right renal denervation was performed on May 23, 
1934. in the sixteenth month after the onset of the disease. 
The kidney was rather large and pale, measuring 12 cm. 
in length. 6.5 cm. in width at the pelvis and 4,5 cm. in 
thickness. It was moderately scarred, but the main 
renal vessels were quite normal in appearance. 

Twenty-one days after operation the patient was ev'sto- 
scoped. and the urea clearance test was performed on the 
urine collected from the ureteral catheters. 
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Studies made during the ne.xt four months showed that 
unilateral denervation caused no significant change in the 
urea clearance, ability to concentrate urine or the hemo- 
globin. Hematuria markedly dfmim'shed. and plasma 
proteins rose very slightly. ELxeretion of protein in the 
urine diminished about 60 per cent. Changes in blood 
pressure level were not considered significant. The pa- 
tient was edema-free even though salt was allowed in 
the diet. Determination of plasma lipids showed that a 
marked fall had occurred. Lipids in 100 cc. of plasma 
were; total fat 1220 mgm., total cholesterol 535 mgm., 
free cholesterol 238 mgm., ester cholesterol 297 mgm., 
lipid amino-nitrogen 4.6 mgm.. lipid phosphorus 142 
mgm. and total lipid nitrogen 172 mgm. 

The left renal denervation was performed on October 2, 
1934, about four months after the initial operation. The 
kidney was smaller than on the right, measuring 10.3 x 5 
X 4 cm. There appeared to be no evident change in the 
clinical or laboratorv- findings over those observed fol- 
lowing the first operation. 

Case 3. (See Figure 5.) Hospital Xumber 8860. (J. 

S.), female, age 22 years. Two months before admis- 
sion the patient noticed that her feet and ankles were 
swollen. One month before this she became pregnant. 
Four months later she was admitted to the Presbvterian 
hospital because of asdtes. Excretion of urine had di- 
minished, and she complained of palpitation, substemal 
oppression and transitory loss of vision. The Wasser- 
man test was negative. Much protein and a few red 
blood cells were found in the urine. It was necessary to 
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I'k;. 4. Dn.ATr.cAi. Denkpa-ation in Patient with Chronic Active 

Xephriti?. 
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Fig. 5. Bilater-\i, Dexerv.atiox ix P.\tiext ^^^TH Chroxic 
.Acth-e Nephritis ix the Xepheotic St.\ce. 
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perform thoracentesis and paracentesis to remove some 
of the fluid. Intravenous injections of gum ‘acacia were 
given without any beneficial effect being observed. Her 
basal metabolism was found to be — 18 per cent. 
Colitis developed with diarrhea and bloody stools. Be- 
cause of the patient’s serious condition an abortion was 
performed. About one month later phlebitis of the left 
arm appeared, which healed with conservative treat- 
ment. A week later the patient was sterilized by re- 
section of the tubes. The right kidney was seen to be 
much enlarged, while the left was about normal in size. 
Three months later she was discharged from the hos- 
pital but returned in two days because severe edema im- 
mediately developed. Her basal metabolism was then 
— 24 per cent. We are indebted to Dr. A. Harris and 
Dr. W. Anderton for this information. 

Physical examination disclosed marked anemia, edema 
and malnutrition. The eyegrounds were normal except 
for beginning arteriosclero:is. Blood pressure was ele- 
vated to 180/130 mm. of Hg. 

The electrocardiogram showed the T waves to be nega- 
tive in Leads I and II. Conduction time was 0.16, 
and S., were split, and left ventricular preponderance 
was present. Renal efficiency was markedly impaired. 
The first e.xamination indicated that she had retained 
power to concentrate urine, but four months later the 
maximum nonprotein specific gravity of the urine was 
1.015. Marked anemia was found, and the plasma pro- 
teins were reduced to well below the level at which 
nephrotic edema appears. Excretion of protein in the 
urine averaged about 10 grams in 24 hours. 

The patient was fed a high protein, low salt diet. A 
small rise in plasma protein occurred, and much of the 
edema slowly subsided. The renal efficiency, however, 
appeared to be gradually diminishing, and during four 
months marked loss of ability to concentrate urine oc- 
curred. Blood pressure also increased. 

Right renal denervation was performed on April 18, 
1934, in the 21st month after onset of the disease. The 
kidney was congested, hyperemic and large, measuring 
12.5 X 7 X 4.5 cm. in length, breadth and thickness. The 
main arteries appeared constricted. 

The urea clearance and ability to concentrate urine 
rose slightly after the operation. Hemoglobin and 
plasma proteins also were increased, and excretion of 
protein in the urine diminished by about 50 per cent. 
Xo significant change in blood pressure occurred. 

On July 6. 1934, about seven weeks after the first op- 
eration. denervation of the left kidney was performed. 
.■\g;iin this kidney was found to be large, lobulated and 
perhaps somewhat pale. It measured 11.5 x 6 x 5 cm. in 
its various diameters. Directly following this operation 
no significant change was observed in the clearance, 
hemoglobin, blood pressure or urinary protein excretion. 
The patient was discharged from the hospital and lived 
in >urroundiugs very adverse to her health. Slic drank 
rather heavil> and wa- unable to take any care witli her 
diet. She suffered from a series of colds. Examina- 
tion- made .at internal- -bowed that the renal function 
wa- gradually being lo-t. ria-ma proteins have re- 


mained about 5 per cent, and the excretion of protein in 
the urine has continued at a reduced level. 

Case 4 (See Figure 6). Hospital Number 8740 (G. 
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P."). female, age 19 years. Eighteen months hefore ad- 
mission site noticed gradually increasing swelling of her 
ankles. .Mhumin and red blood cells were found in her 
urine. After a short rest in bed she resumed her work. 
Edema reappeared and during the next eighteen months 
was almost constantly present. 

Examination showed that she was very pale. Her 
face and legs were swollen with edema. Fluid was pres- 
ent in her chest and abdomen. Eyegrounds were nor- 
mal. The blood pressure was 130/90 mm. of Hg. 

The urea clearance was 103 per cent of normal on 
admission, hut the maximum nonprotein specific gravity 
of the urine was 1.019. Hemoglobin was moderately re- 
duced. and about 5 million red blood cells were being ex- 
creted in 12 hours in the urine. Excretion of protein 
ranged from 10 to 20 grams in 24 hours. Plasma pro- 
teins were severely depicted to 4.09 per cent total protein, 
albumin 1.19. globulin 2.90, and .-\/'G ratio 0.41. Serum 
chloride was 103.7 milli-equivalents per liter, and total 
base of serum 149.6 milli-equivalents per liter. Lipids in 
100 cc. of plasma were as follows: total fat 2121 mgm., 
total cholesterol 5S9 mgm., free cholesterol 442 mgm., 
ester cholesterol 147 mgm.. lipid amino-nitrogen 6.64 
mgm., total lipid nitrogen 17.75 mgm., lipid phosphorus 
11.65 mgm. Liver function was normal as measured by 
the rate of deaminization and urea formation by Kirk 
(74). The Wassermann test was negative. 

Renal efficiency fell progressively even though she was 
confined to bed. Hematuria and proteinuria continued, 
and the blood pressure rose slowly, reaching a maximum 
of 180 mm. systolic and 110 mm. diastolic. 

On April 26, 1934, twenty-six months after onset of 
the disease, denervation of the right kidney was per- 
formed. The kidney was large and pale and measured 
12.5 X 6.5 X 5 cm. in its various diameters. 

Shortly before operation the urea clearance was 52.3 
per cent of normal, and eighteen days after, was 54.0 per 
cent of normal. Edema which constantly had been pres- 
ent disappeared promptU- following operation, although 
unrestricted amounts of salt were allowed instead of the 
previous low salt diet. Xo significant change occurred 
in her ability to concentrate urine. A slight fall in 
hemoglobin appeared, presumably due to the operation. 
Ko significant rise in plasma proteins occurred, although 
some diminution in proteinuria was obseiwed. 

Blood pressure fell somewhat. Clearance tests per- 
formed on the urine from the catheterized ureters showed 
that there was no significant difference in the clearance 
of the denervated as compared with the other kidney. 



Time 
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30 

30 
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On June IS. 1934, about seven weeks after the first op- 
eration, denervation was performed on the left kidney. 
The kidney measured 13 x 7 x 5.8 cm. in diameter. The 
expo.sure was difficult, and the operator was not satisfied 
with the completeness of the excision of the nerves about 
the renal artery. 

The urea clearance rose after the second operation, 
reaching a ma.ximum of 78 per cent of norma! within 
three months. The ability to concentrate urine as meas- 
ured by the nonprotein specific gravity rose from 1.014 
to 1.023. Plasma proteins increased to a maximum of 
5.7 per cent, and the protein in the urine decreased mod- 
erately. Blood pressure also increased somewhat, but 
appears now to be falling. 

.\ very severe infection of the throat with hemolytic 
streptococcus apparently interrupted the trend toward in- 
creasing renal efficiency'. Two months after operation 
lipids had diminished to the following values : total fat 
1561 mgm., total cholesterol 442 mgm.. lipid amino- 
nitrogen 6.9 mgm., total lipid nitrogen 23.4 mgm., lipid 
phosphorus 17.4 mgm. per 100 cc. of plasma. 

Case 5. (See Figure 7.) Hospital Xumber 8295. 
(D.M.), aged 9 years. Onset of the nephritis occurred 
four months before admission during the course of a 
febrile disease, probably scarlet fever. The child had no 
complaints e.xcept for almost continuous edema of the 
ankles and often of the face. 

Physical e.xamination showed that there tvas moderate 
edema of the face, sacral region and shins. The lymph 
glands of the left submaxillary region were enlarged 
and tender. Blood pressure was elevated to 148/72 mm. 
Eyegrounds were normal. Many red blood cells and 
casts were found in the urine. It boiled almost solid 
with protein. 

Hemolytic streptococci were grown from a culture 
taken from her throat. Two weeks later her tempera- 
ture rose, and the cervical glands became acutely in- 
flammed. Surgical drainage yielded pus from which 
hemolytic streptococci were grown. When this infection 
had cleared the hematuria rapidly subsided, but as many 
as 6.200,000 casts, of which 80 per cent were hyaline 
and 18 per cent granular, were excreted in 12 hours. 
Doubly refractive globules were found. 

The urea clearance was 53 per cent of normal, max- 
imum nonprotein specific gravity 1.018, and hemoglobin 
13.4 volumes per cent o.xygen capacity. The e.xcretion 
of protein in the urine taried from 10 to 14 grams in 
24 hours. 

Edema disappeared with rest in bed and a light diet 
moderately low in salt. -After discharge from the hos- 
pital three months later, edema again appeared. She 
was seen nine months later. There was slight edema of 
the shins, blood pressure uas higher, the heart v.as mod- 
erately enlarged, and the retinal arterioles appeared some- 
what constricted. The urea clearance had fallen to 34 
per cent of normal. Two weeks later lobar pneumonia 
Types X and XXIX developed. The temperature was 
normal two days after onset, but complete resolution did 
not occur until after seven weeks. Gross hematuria de- 
veloped, and the clearance fell to 25 per cent of nomurl. 
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Fig. 7. Bil.vtkk.vl Denervatiox in Patient with 
Chronic Active Nephritis. 


One month after onset of pneumonia cardiac decompensa- 
tion developed. 

The prognosis appeared hopeless since the renal ef- 
ficiency. as measured by the urea clearance and ability 
to concentrate urine, was steadily diminishing. Hemo- 
globin also fell progressively, and the blood pressure re- 
mained high. 

On Mav 17, 1934. during the twenty-third month of 
the di-^ease. right renal denervation was performed. The 
kidney was of the large wiiitc variety measuring ]2.k6.n 


4.2 cm. The renal vessels appeared of normal size and 
showed no evidence of sclerosis. 

Following operation the clearance and hemoglobin 
continued to fall slowly. Plasma proteins rose sharply 
from 4.89 per cent to 5.65 per cent and finally to 5.95 
per cent in two months. The blood pressure was not 
altered significant^G Five months later on October 22, 
1934, left renal denervation -was performed. The kidney 
in size and color resembled the right. During the three 
months of observation following, the clearance continued 
to fall, as w'ell as the ability to concentrate. Proteinuria 
continued, and blood pressure remained elevated. 

E.vant'utafion of blood vessels of vnisclc 

At operation, specimens of lumbar muscle were re- 
moved for microscopic examination of blood vessels. Dr. 
C. P. Rhoads has given as his opinion that the vessels 
of only one patient (Number 2) exhibited definite evi- 
dence of intimal thickening. Case 5 also had slight 
morbid changes of the vessels; but the remaining patients 
showed no definite alteration. 

DISCUSSION 

Renal denervation had no immediate effect on 
renal efficiency, as measured by the urea clearance 
test. Van Slyke, Rhoads, Hiller and Alving (66) 
have found that in dogs the urea clearance paral- 
lels chiefly the renal blood flow. If the same 
parallelism occurs in nephritic patients, failure to 
increase the clearance indicates failure to increase 
the renal blood flow. The observation that clear- 
ances performed on specimens collected from the 
ureter of the denervated and inervated kidney of 
the same patient are practically alike, demonstrates 
in a conclusive manner the non-effect of denerva- 
tion on the urea clearance. Nor did the speci- 
mens from the two ureters show any eflect of 
denervation on the urine volume. Over a period 
of months following" operation, the clearances of 
four patients have shown no tendenc}' to change 
in a way other than that which might have been 
anticipated from the previous trend. One case 
(Number 4) differed in that it rose one month 
after the last denervation. 

Rhoads, Van Slyke. Hiller and Alving (3S) 
found no change in the clearance following dc 
nervation of normal dog kidneys. Page and 
Heuer (63) showed that denervation of the kid- 
neys of a patient suffering from essential hyper- 
tension did not alter the clearance. Tlie kidne>^ 
of this patient were normally efficient as measuref 
hv the clearance and concentrating abilitv. 
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Denervation caused ncitlier increased urine flow 
nor diminished ability to concentrate, altliou"h 
animal experiments in tiic literature (11, 12, 13, 
14, 15, 16, 17, IS) led us to expect these changes. 
On the contrary, two patients (Cases 1 and 4) ex- 
hibited a siijnificant increase in conccntratinc; 
power during the months after operation. In the 
remaining three cases a slow loss of this capacity 
occurred, parallel with reduction in the urea clear- 
ance. The loss in concentrating power was, how- 
ever. no more rapid than is likely to f)ccur during 
the usual progress of cases of this type (c.g.. sec 
charts of Cases 9 and 11 of .\lving and \'an Slvke 
( 68 )). 

Excretion of red blood cells in the urine was 
sharply diminished in one case (Xutnber 2), fall- 
ing from one hundred million cells to slightly more 
than one million in a concentrated 12-hour .speci- 
men. It was uninfluenced in the other cases, in 
which excretion was already minimal. Excretion 
of protein was reduced in four of the five jia- 
tients. 

The most marked effect was obsen'ed in Case 1 . 
Excretion of protein in the urine had been con- 
stantly at a level of 3 to 5 grams in 24 hours for 
a period of at least 16 months. Directly follow- 
ing unilateral denervation it fell to less than a 
gram and has remained so for 7 months. Pro- 
teinuria was diminished from an average level of 
10 to 15 grams to 5 grams in Case 2, from 10 
grams to 5 grams in Case 3. from 12 grams to 8 
grams in Case 4, and was uninfluenced in Case 5. 

A rise in plasma protein might have been ex- 
pected as a result of decreased excretion in the 
four cases cited above. It is, however, difficult to 
tell whether the operation affected the plasma pro- 
tein level. In Case 4 a rise from a preoperative 
level of about 4.5 per cent of total protein to 5.5 
per cent occurred, but not until four months after 
the second denervation. In Case 3 there may 
have been a similar rise. However, it is common 
for similar rises to occur spontaneously, especially 
when the urea clearance falls to about 20 per cent 
of normal (See Alving and Van Slyke, Cases 6 
to 11 (68)). The most that one can say defi- 
nitely is that denervation does not lower the 
plasma proteins, and may assist in raising them. 

As a result, probably, of the increase in plasma 
proteins, edema disappeared in Case 4, in -which 
it had been present before operation. Following 


the fir.st denen-ation. it disappeared in a dramatic 
fa-shion, and, except for a slight recurrence for a 
period of a week, has not returned, in spite of the 
fact that salt was increased to 9 grams per day. 
Of the other patients, Numbers 1. 2. and 5, were 
edema-free before ojieration and have remained 
so. Xumber 3 showed sporadic edema both be- 
fore and after. 

Plasma lipid concentration was studied in two 
cases (Xumbers 2 and 4). Reduction in all frac- 
tions was observed following deneiwation. It is 
difficult, however, to be certain that this was not 
a spontaneous change. 

Blood pressure fell in all of the cases and re- 
mained below preoperative level for from weeks 
to months following each operation. The fall was 
not permanent, however ,' in each case the pres.sure 
later returned to, or near to, its former level. Ex- 
periments performed by Page (48) on dogs, in 
which hypertension was produced by x-ray irra- 
diation of the kidneys or by constricting the renal 
arteries (49). showed that hypertension resulted 
in animals with their kidneys denervated as surely 
as in normal animals. There -ivas. therefore, little 
reason to hope that denerr'ation in patients -u'ould 
permanently reduce their blood pressure. Fur- 
thermore, it has been shown by Page (75) that 
renal effidenc}', as measured by the clearance, is 
dissociated from the level of arterial blood pres- 
sure in patients -with hypertension of the nephritic 
or essential variety. The probabilitj' may be as- 
sumed that renal blood flow also is not directly 
dependent on the level of arterial blood pressure. 

From clinical observations of the -weight and 
response of the patients to ingestion of -\vater, -we 
have no reason to believe that deneivation alters 
the water balance of the body. It is reasonable, 
therefore, to assume that the extrinsic renal netx'es 
do not control its -ivater balance. 

Our cases were selected from those in which 
the prognosis was bad and. further, those in -ivhich 
the morbid process had become chronic. Pos- 
sibly if the operation were performed early in the 
course of the disease, more favorable results might 
be achieved. This is a matter on which we hope 
to report at a later date. 

COXCLL'SIOXS 

1. Renal deneix-ation in patients -with chronic 
nephritis caused excretion of protein to diminish 
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in four out of five cases. Unilateral denei'A'^ation 
may be as effective as the bilateral ooeration in 
this regard. 

2. Renal efficiency, as measured by the urea 
clearance test, is not altered following unilateral 
or bilateral denervation. It appears probable, 
from this result, that denervation does not in- 
crease renal blood flow. 

3. Decreased abilit}^ to concentrate urine did 
not occur, although from animal experiments in 
the literature it might have been anticipated. On 
the contrary, two of five patients exhibited in- 
creased concentrating power. 

4. The level of blood pressure fell in all of the 
cases for a few weeks after operation, but in all 
but one case regained its original value. Failure 
of denervation to affect the blood pressure appears 
to be evidence against the theory that nervous im- 
pulses, originating in the kidneys and conducted 
by their extrinsic nerve suppl 3 ^ are responsible 
for the genesis of hypertension in patients with 
chronic nephritis. 
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Dochez, Mills and Knecland (2) have shown 
that on infection with the virus of “ common 
cold,” apes which had previously harbored a few 
H. influenzae in their throats may yield heavy 
cultures of this organism from both throat and 
nose. With the spread of distribution there was 
a change in cultural and immunological character- 
istics such that strains isolated during the infec- 
tion fell wdthin the categorv' designated by Pitt- 
man (6, 7) as the smooth or fluorescent variant 
of H. influenzae. It seems that strains of this 
kind are responsible for most cases of influenzal 
meningitis, and that, as compared with the more 
familiar forms, they are characterized bv' a su- 
perior viability in the blood and tissues of experi- 
mental animals. “ Fluorescent ” strains may be 
recognized by their mucoid fluorescent growth on 
suitable media, by the demonstrable capsule and 
by the exhibition of a specific soluble substance 
which can be detected immunologically.^ 

It seemed desirable to supplement recent studies 
on the distribution of H. influenzae in the hiunan 
upper respirator}' tract (4, 13) by a consideration 
of the spread of this organism, both within the 
upper respiratory tract and elsewhere, with espe- 
cial reference to the occurrence of fluorescent 
strains. 

The nomenclature of influenzal variants is a 
vexed question. Since a distinct rough variant 
has been described (3, 10), the use of the term 
R for ordinary strains of influenza bacilli (6) 
seems likely to lead to confusion. We would sug- 
gest, therefore, the adoption of the terminology 
proposed by Dawson (1) for the pneiunococci. 
In this paper, we shall designate fluorescent 
strains of H. influenzae as M (mucoid), and 
ordinary strains as S (smooth), reserving R for 
the rough variant. 

METHODS AXD MATERIAL 

The Pediatric Service at the New Haven Hos- 
pital co nsists of 60 beds (including a contagious 

vBy means of precipitation or agglutination tests these 
strains may be classified in six serological groups desig- 
nated .4 to F. 


division) to w'hich are admitted patients under 
the age of 13 suffering from all types of acute 
non-surgical diseases. Nose and throat cultures 
are taken on all patients on admission and are 
repeated irregularly. 

The nose and throat swabs are streaked on sep- 
arate blood agar plates, and if the illness is thought 
to be respirator}', the swabs are usually shaken 
up together in 1 cc. of broth, v,’hich is then in- 
jected into the peritoneal caUt}' of a mouse. If 
the mouse dies or is killed, subcultures are made 
of the peritoneal exudate and heart’s blood. 
Aural and other purulent discharges are invariably 
cultured, and blood cultures are taken as indi- 
cated. Blood and spinal fluid cultures are made 
within 20 minutes of death on all children who 
have died on the serv'ice. 

In addition to the wards, there is an active out- 
patient clinic from which many cultures come 
to the laborator}'. 

All plates are carefully examined in oblique 
light for the small translucent nonhemolytic col- 
onies of influenza bacillus. 

Certain gram-negative diplococd give small col- 
onies which may be confused nnth those of the 
influenza bacillus, especially if the plates are ex- 
amined at 24 hours. At 48 hours such colonies 
are usually larger and more opaque than the in- 
fluenzal colonies. Some of these diplococcus 
strains have been subcultured. These did not re- 
quire the accessory “V factor” of Thjotta and 
Aver}' (11). Small non-hemol}'tic or , slightly 
green streptococci may form colonies readily mis- 
taken for those of Pfeiffers bacillus. If there are 
only a few colonies of H. influenzae on a plate, 
one may be unable to get a satisfactoiy smear, 
and, if mixed with other common organisms, in- 
fluenza bacilli will usually be outgrov.'n on subcul- 
ture. Hence an accurate estimate of the prev'a- 
lence of H. influenzae is hardly possible. 

_ Certain criteria of the spedes H. influenzae are 
given below. 
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Growth on blood 
agar plate 

Small, trans- 
lucent colonies. 

No hemolysis. 

From February to December, 1933, only strains 
which promised to be interesting from their pre- 
dominance or from their location in the nose, or 
other unusual site, were tested for fluorescence. 
After some checking with Dr. Pittman, we came 
to feel considerable confldence in our recognition 
of fluorescent (M), borderline (±) and ordinary 
(S) strains. Unfortunately, a number of M 
strains obtained in this period were not typed. 
From December 23, 1933, to March 17, 1934, we 
attempted to study all strains systematically. All 
were subcultured on special media and on blood 
agar plates, and strains were kept on blood agar 
slants, transfers being made every 9 to 10 days. 
Dr. Pittman has kindly typed most of our M 
strains for us. All strains obtained in this latter 
period, except those lost on subculture, were sub- 
jected to the growth requirement test (11). 

The technique used for this test, with slight 
modifications, was that communicated to us by 
Pittman (9) but Savita broth was used as a basic 
medium. The X factor was prepared by hemo- 
lyzing rabbit red cells with ether. The cells, 
thrice washed, were mixed with saline and ether 
in the proportion 10 : 10 : 4. The container was 
capped to prevent evaporation and kept in the 
icebox for 2 days. The rubber cap was then re- 
placed by a cotton plug, and the tube placed in 
the incubator overnight to allow the ether to evap- 
orate. The material was then centrifuged, and 
the solid residue discarded. The supernatant 
fluid, kept as stock in the icebo.x, was found to be 
sterile. 

For the V factor about 500 cc. of unwashed 
brewer’s yeast was mixed with 2,000 cc. of tap 
water. The mixture was heated slowly in an open 
pan with frequent stirring. When the tempera- 
ture reached 80° C., the suspension was quite 
homogeneous. It was filtered through filter pa- 
per and through Berkefeld N candles. 

To perform the test, 4 tubes were set up as 
follows : 

A B 

2 cc. broth 2 cc. broth 

-f- 0.05 cc. 1/100 0.05 cc. 

dilution of X 1/100 X factor, 

factor + 0.1 cc. 
yeast extract (V). 


Growth requirements 
Requires both X and 
V factors (11, 12). 

The tubes were incubated overnight to rule out 
contamination. A small portion of a single col- 
ony was fished with an inoculation needle into 
Tube A. The rack was then incubated for 24 
hours. At this time H. influenzae would have 
grown well in A. A small loopful from this tube 
was then passed into each of the other three, and 
the rack was again incubated for 30 to 48 hours. 
Smears were made from Tube D. Tubes B and 
C should show no growth, if the organism was 
H. influenzae. 

In our hands the “ accessory factor ” broth 
(X-V broth) has supported a more luxuriant 
growth than Levinthal (5, 9) or blood broth. 

For reading fluorescence we have used both 
Levinthal agar (5, 9) and a medium prepared 
from the test factors (X-V agar). The latter 
may be made as follows : To 80 cc. of meat in- 
fusion broth add 20 cc. of yeast extract and 0.3 
cc. of undiluted X factor. Mix the whole with 
100 cc. melted 3 per cent agar, and pour plates. 
Such plates are satisfactory if used within 24 
hours. 

It has been our practice to streak each sector 
of a plate heavily with one of the strains to be 
tested. Plates have been read at 24 hours, each 
batch being controlled with a known fluorescent 
strain. The plate should be viewed by trans- 
mitted light against a dark background, and the 
opaque fluorescent appearance of a good M strain 
is striking. All influenza bacilli grew well on 
these media, but the growth of S strains is rela- 
tively meager compared to that of the M forms, 
and the S colonies are translucent. Certain strains 
are characterized by a luxuriant opaque growth 
with little fluorescence. These resembled certain 
of our stock strains, the fluorescence of which 
has been lost on subculture, and were classed as 
± or intermediate. 

If a stock mucoid strain has lost its fluorescence, 
one may sometimes restore it by inoculating a 
hea\^' culture into a mouse and killing the mouse 

C D 

2 cc. broth Same as A. 

-f 0.1 cc. 

yeast extract (V). 


Morphology 
Gram-negative 
rods and 
cocco-bacilli. 


Growth on special 
media 

More luxuriant 
than on ordinary 
blood media. 
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after 12 to 24 hours. It will be noted that M 
strains ha%'e sometimes been obtained on mouse 
culture only. However, the sunu'val of H. iitflu- 
enzae in the mouse is irregular, and the death of 
a mouse inoculated from nose and throat swabs 
is seldom due to Pfeiffer’s bacillus alone. The 
mouse is not a satisfactory medium for the routine 
culture of H. iufluoicac. 

RESULTS 

As an estimate of the frequenc}' with which mu- 
coid variants may be found in the upper respira- 
tor)'- tract, we give the figures from the latter part 
of this study (December, 1933, to March, 1934). 

Children studied 1S6 

Influenza bacilli found in upper respirafoo’ tracts of 43 
Mucoid variants found in upper respiratory tracts of 4 
Intermediate variants found in upper respiratory tracts 
of 8 

Thirty-four of the 67 strains studied, includ- 
ing all the M strains, were subjected to the growth 
requirement test. A number of organisms not 
thought to be H. influensae were also tested. In 
all instances the results were as expected. It 
would seem that H. influenzae can usually be 
identified by its morphoIog>'- and by the tv'pical 
colony on blood agar. 

Data on the entire period of study, and on some 
cultures taken before and after that period, are 
given in the tables. Material from 29 patients, 
who showed no M or intermediate variants in 
their upper air ways but had S forms in nose or 
ear, is summarized in Table I. Table II is based 
on a study of 11 children with intermediate ■±. 
strains in their upper respiratory tracts, while the 
13 who had mucoid strains are reported in Table 
III. Table IV includes four patients who had 
influenza bacilli in sites other than the upper re- 
spirator}' tract; these strains were all mucoid. 
One of these children (K.L.) had influenzal men- 
ingitis. Another (R.C.), with otitis media, ap- 
pears also in Table I. This child had one posi- 
tive blood culture only and made a complete re- 
covery. A third, Eng., 6 years of age, died out- 
side the hospital one hour after the onset of laiyn- 
gitis. The strain isolated from the heart blood 
at autopsy was kindl}* given us by the Pathology 
Department. In the pleural fluid of the child 


R.F. tubercle bacilli were demonstrated by guinea- 
pig inoculation. 

DISCUSSION 

Pittman has emphasized (7) the extreme in- 
stability of freshly isolated M strains. It is pos- 
sible that mucoid variants may dissociate or be 
ov'ergrown during the first transplant, and that 
the use of media suitable both for primary’ isola- 
tion of H. influenzae and for demonstration of 
fluorescence might give different results from 
those recorded here. On the translucent media 
which we have used the growth of H. influenzae 
is inhibited by the presence of green streptocoed 
or pneumocoed (9). Our statement of findings 
must include the proviso “with the techniques 
used.” Our conclusions must also include the 
qualification “ in children ” for bacterial behavior 
in adults might be quite different. 

Of the cases of patients with H. influenzae in 
their noses there are three which one might hesi- 
tate to class as infections of the respiratory’ tract. 
Yet the asthma of the child F (Table II) was 
probably on an infectious basis, the child E.G. 
(Table I) had a tuberculous otitis media (proved 
at autopsy), and M.B. had a severe oral infection. 
Some of the children were seen several times, with 
and without respiratory infection ; Pfeiffer’s badl- 
lus, often present in the nose in respiratory dis- 
ease w'as not found there apart from such disease. 
The vdew that U. influenzae may spread to the 
nose or ear during infections of the respiratory 
tract is supported by the present study. The in- 
stances given include cases of scarlet fever and 
of Type I pneumococcus pneumonia, as well as 
of “ common cold.” Hence it is difficult to in- 
terpret the significance of this spread. In many 
cases we feel sure that the influenza bacillus played 
no great part in the disease. We cannot be sure 
of its role in otitis media. Our figures indicate 
that a spread of the bacillus may occur without 
the appearance of mucoid variants. 

It is interesting that all the strains obtained 
from “distant sources” (Table TV) were mu- 
coid. This finding accords well with Pittman’s 
observation of the superior viabih'ty of M strains 
in^the blood and tissues of experimental animal g 
(7, 8). However, except in the case of the pa- 
tient K.L. with meningitis, we have no means of 
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TABLE I 


Isolation of S forms of H. influenzae from nose, ear, e/c.f 


Patient 

Age 

Date 

Nose 

C. A 

4 years 

April 17, 1933 

S 


1 year 

February 7, 1933 

S 

R. L 

6 weeks 

January 27, 1933 

S 

J. R 

14 months 

February 7, 1933 

S 

J. V 

6 months 

January 3, 1933 

S 

P. de S... 

7 months 

March 19, 1933 

S 

W. H. . . . 

5 months 

September 16, 1933 

S 

E. G 

2 years 

April 5, 1933 

S 

H. C 

4 weeks 

March 23, 1933 

S 

P. P 

6 years 

February 3, 1934 

s 

K. A 

8 years 

January 10, 1934 

s 

2. P 

1 year 

January 1, 1934 

s 

B. R 

2 years 

March 9, 1934 

s 

S. D 

8 years 

November 10, 1933 

— 

P. A 

2 years 

March 12, 1934 

s 

V. C 

S years 

March 14, 1934 

s 

F. C 

9 months 

March 4, 1933 

s 

E. L 

3 years 

April 5, 1933 

s 

R. L 

5 years 

April 5, 1933 

s 



April 25, 1933 

s 

R. C 

3 months 

December 23, 1933 

s 



January 4, 1934 

— 



September 16, 1934* 

— 

A. K 

2.5 years 

April 21, 1933 

s 



May 12, 1933 

— 



July 28, 1934* 

— 

J. M 

5 years 

January 7, 1934 

s 



August 2, 1934* 

— 

M. B.... 

9 years 

April 23, 1933 

s 



April 29, 1933 

s 



September 28, 1934* 

— 

D. M.... 

3 years 

November 19, 1933 

? 



December 12, 1933 

s 



December 19, 1933 

— 

P. J 

12 days 

March 15, 1933 

— 



March 16, 1933 

s 



March 24, 1933 

— 

J. Mas.. . 

6 years 

January 9, 1934 

s 



April 19, 1934* 

B 

A. D’A. . 

6 days 

November 18, 1932 




November 30, 1932 




December 21, 1932 

B 



May 6, 1933* 

B 

E. K 

IS months 

February 5, 1933 

? 



March 7, 1933 

s 



March 15, 1933 

s 

I. M 

3 years 

January 13, 1933 

— 



rune 20, 1933* 




September 12, 1933* 




February 18, 1934 

s 


j: S = H. influenzae, S form. 

? = influenzae, strain not tested, 
— = No influenza bacilli recovered. 


Throat 

Mouse 

Ear 

Diagnosis 

s 

B 

■ 

Lobar pneumonia (Pn. unclassified) 

? 



Bronchiolitis 

? 



Bronchitis 

? 


B 

Lobar pneumonia (Pn. unclassified) 

? 

? 


Bronchiolitis 

? 


H 

Rhinopharynigitis 

? 



Otitis media 

s 



Tuberculous otitis media and meningitis 

? 



Bronchiolitis 




Scarlet fever 




Strep, pharyngitis 




Rhinopharyngitis 




Otitis media 



s 

Otitis media 




U. R. 1. 




U. R. 1. 

? 



U. R. L, tuberculous peritonitis 

? 


— 

Scarlet fever 

? 



Scarlet fever 

r 


s 

Otitis media 

— 



Improved 

— 



Gc. vaginitis 

? 



Scarlet fever 

— 



Well 

? 



Bacillary dysentery 

— 

s 


Lobar Pn. (Pn. unclassified), bronchitis 

? 



Fever undiagnosed 

? 



Dental abscess 

? 



Cervical adenitis. Rheumatic fever 




Congestive heart failure 




Bronchiolitis 

s 




— 



Improved 

— 



Bronchopneumonia (pneumococcus). 




Lobar pneumonia (Pn. I) 




Mesenteric adenitis 




Fat necrosis 




Otitis media 

? 


s 

Otitis media 

? 

? 

— 


Bronchitis and bronchopneumonia 

? 

? 



Cooley’s anemia 




Cooley’s anemia 




Cooley’s anemia 

B 



+ U. R. L 


* = Readmission. 

U. R. I. = Upper respiratory infection. 


assaying the importance of mucoid influenza ba- 
cilli in these patients. We may note that Pittman 
has found that most of her meningeal strains are 
Type B (7, 8), and that two of our patients had 
Type B bacteremia without meningitis. 

CONCLUSIONS 

(1) A spread of H. influenzae to the nose may 
occur in a variety of infections of the respiratoiy 


tract. This organism is also frequently isolated 
from aural discharges. 

(2) While mucoid variants are occasionaih 
isolated from the upper respiratory passages, the 
spread of H. influenzae to the nose or car is fre- 
quently unassociated with the appearance of such 
1 variant. No correlation is evident between Mc 
occurrence of M forms and the type and severitj 
of the disease. 
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TABLE II 


Isolalior. of strains inltrmediale beltceen S and M forms 


Patient 

,Age 

Date 

Nose* 



! Ear 

Diasnosis 


years 





i 


A. R 

10 

May 16, 1932 

— 

? 



Diabetes 



February 27, 1933* 

s 

— 

-t- 


Diabetes and U. R. I. 

B. H 

1 

December 2, 1932 

? 

? 

? 


Lobar pneumonia (Pn. XIV) 



March 3, 1933* 


1 — 

1 


Otitis media 



March 9. 1933 




s 




July 9. 1933* 

— 

? 



Lobar pneumonia (Pn. unclassified) 

J.F 

1 

October 10, 1933 

— 


1 — 


Bronchiolitis, bronchopneumonia 



December 18, 1933 

s 



! 




December 25, 1933 




! — 




January 2, 1934 

— 




1 

W. S 

4 

December 10, 1933 

— 

? 



Lobar pneumonia (Pn. I) 



February' 8, 1934 


? 



Empyema, pharynigitis 

Kn 

1 

January 12, 1934 

-- 



s 

Lobar pneumonia (Pn. I), otitis media 

P 

2.5 

January 25, 1934 

s 




U. R. I. 



February 10, 1934 

-t- 





Ra 

1 

Januarv 28, 1934 

S 


— 

-1^ 

Otitis media 

C. R 

2.5 

September 3, 1933 

? 

MM 



U. R. I. 



February 8, 1934* 

- 4 - 




Tonsillitb, adenitis 

F 

3 

February- 23, 1934 

S 




Asthma 



March 2, 1934* 





Asthma 

Del 

1 

March 5, 1934 


s 

— j 


Pharyngitis 

D’Ag.... 

(0.4) 

March 12, 1934 



1 


Bronchopneumonia 


* i = Intermediate form of H. influenzae. For other symbols see Table I. 


Patient 


R. W.. 
E. B... 
A. C... 


R. A... 


L.B. 


Aee 


years 

1.7 

S 

1.3 


A. S 

1.5 

S. R 

4.5 

E. V 

8 

W. K.... 

4.5 

P.T.... 

3 

Bi 

2 

R. F.... 

1.4 

Cd. R.... 

2 


TABLE m 

Isolation of M strains of E, influenzae from upper respiratory tract 


Date 

Kose* 

Throat 

Mouse 

Ear 

Diagnosis 

February 14, 1933 


M 



Laryngitis 

February 23, 1933 

m7b) 

? 

? 


Scarlet fever 

March 27, 1933 

? 

? 



Scarlet fever 

April 15, 1933 

M(E) 

M(E) 




January 10, 1932 

— 




Lobar pneumonia (Pn. IV) 

September 19, 1932* 


? 



Bacillary dysentery’ 

November 23, 1932 

? 

? 

? 


U. K. 1., anemia 

January 7, 1933* 

— 

? 

— 


Lobar pneumonia (Pn. IX") 

January 13, 1933 

M(E) 





Januarv 27, 1933 

— 

? 




December 25, 1933* 

— 

— 

M(E) 


Lobar pneumonia 

March 14, 1934* 

— 

S 



Rhinopharyngitis, cervical adenitis 

March 24, 1934 

S 

S 

S 



January 17, 1933 

— 

S 



ThyTotoxic goiter 

September 18, 1933* 

M 

? 

? 


Thyrotoxic -f- pharyngitis and tonsil- 

September 21, 1933 

M 

? 



litis 

September 27, 1933 

M 

? 




September 30, 1933 

M 

? 




October 12, 1933 

— 

— 

M 


Bronchopneumonia 

February’ 24, 1933 

— 

> 



Acidosis 

March 2, 1933 

— 

? 




September 15, 1933* 

M 

? 

— 


Tonsillitis 

October 17, 1933 

M 

? 

— 


U. R. I., epilepsy 

November 17, 1933 

? 

M 



Pharyngitis 

December 17, 1933 

— 

— 

M(A) 


Epilepsy, U. R. I. 

December 28, 1933 

— 

s 

M(E) 


Lobar pneumonia (Pn. 

January 23, 1934 

— 

— 



Tuberculous effusion 

January 25, 1934 

— 

— 



Pharyngitis 

January 29, 1934 



M(E) 



February 21, 1934 






March 6, 1934 


M(-A) 



Follicular tonsillitis 

March 12, 1934 

M(A) 

M(A) 



Improved 


* M(A) = Mucoid (fluorescent) S, Influenzae, Tj^pe A (Pittman). 
M(B) = Mucoid (fluorescent) H. Influenzae, T>pe B (Pittman), 
M(E) = Mucoid (fluorescent) E. Influenzae, Type E (Pittman), 
For other sjmbols see Table I. 
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TABLE II 

Period of sensitisation 


Number of days 

7 

1 1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

22 

Number of rabbits. . . . 

2 

2* 

2 

3 

4 

5 

0 

1* 

1 

1 

4 

2 

1 


* See footnote to Table I. 


injections were made, was the measure used in 
estimating whether or not skin sensitivity had been 
produced. Two diameters of the resulting wheals 
were recorded in centimeters but no attempt was 
made to measure accurately the oedema or assign 
degrees of intensity to the erythema produced. 
(Table III.) 

TABLE in 

Twenty-four hour readings 

Average size of first reactions in all animals. . . .2.0X1.6 cm. 

Average size of last reactions in all animals 3.5X 2.8 cm. 

Average size of smallest reactions in all animals . 1 .4 X 1 .2 cm. 
Average size of largest reactions in all animals . 4.1X3. 1 cm.i 

Since the number of organisms introduced into 
the skin at each injection was relatively large, the 
contrast between the size of the first and last 
wheals produced was not as great as it might have 
been had smaller doses been employed. Sensi- 
tivity, as reflected by the size of the skin reaction, 
did not always mount in a straight line. The 
initial response was often greater than some reac- 
tions produced by subsequent injections. After 
the first response the wheal would often increase 
beyond the original level only to diminish in size 
or in some instances to increase again if further 
injections were made. In general, there were 
three criteria by which an animal was considered 
to be sensitized. (1) If it had received three or 
preferably more injections which had produced 
wheals greater in diameter than one centimeter. 
(2) If it had shown a maximal reaction following 
some one of the injections after the first. (3) If 
the last injection was followed by a reaction larger 
than one centimeter in diameter and definitely 
larger than the original one. 

When an animal had received repeated skin in- 
jections and was considered sensitive by the cri- 
teria just given, a heat killed culture of the strep- 
tococcus (SDo) employed was injected directly 
into the pericardial sac. A twenty-four hour cul- 
ture of SD„ in beef infusion broth of pH 7.6 
was killed by heating it in a water bath at 56° C. 


for one hour ; sterility was then demonstrated by 
cultures. The organisms were not resuspended in 
salt solution before pericardial injection. 

After the final sensitizing injection a period 
of from one to seven days elapsed before pericar- 
diotomy was' performed. (Table IV.) Under 


TABLE IV 

Days elapsing behveen last infection and operation 


Number of days 

1 

2 

3 

4 

5 

6 

7 

Number of rabbits 

6 

3 

6 

8 

0 

1 

2 

! 

3 


ether anaesthesia the thorax was opened and the 
parietal pericardium was picked up in small for- 
ceps. In this way the operator could be reason- 
ably certain that the inoculum was introduced 
accurately into the pericardial sac. Two cc. of 
the killed culture were introduced into each ani- 
mal in the series, both into the controls as well 
as the sensitized animals. Three animals, pre- 
viously sensitized, died within an hour after op- 
eration and were discarded. None of the control 
animals died. The majority of the sensitized ani- 
mals were sacrificed on the third day after opera- 
tion. A few were sacrificed sooner and a few 
were kept for as long as six days. All of the con- 
trols were sacrificed on the third day. A charac- 
teristic protocol follows. 


PROTOCOL I 


White rabbit number 41 

A. Sensitisation: Uniform doses of 0.1 cc. saline sus- 
pension of twenty-four hour cultures^ of living beta 
haemolytic streptococcus (SDs) were injected intracu 
tancousljL 


Dose 

1 

2 

3 , 

4 

5 

6 


Date given 

March 26, 1932 
March 28, 1932 
March 30, 1932 
April 2, 1932 
April 7, 1932 
April 10, 1932 


Twenty-four hour reaction 

1.5 cm. X 2.4 cm. 

1.4 cm. X 1.5 cm. 
2.0 cm. X 2,5 cm. 
2.0 cm. X 2.5 cm. 

3.5 cm. X 5.5 cm. 

2.5 cm. X 3.0 cm. 


B. Operation: April 13, 1932. Under ether anaesthena 
en pericardiotomy was performed and 2.0 cc. 

le prepared from beta haemolytic streptococcus ( 

IS injected into the pericardial sac. , 

C. Autopsy: April 16. 1932. The animal was sacrdcen 
d the thorax opened. The parietal pericardium ^ 
ague and covered with a thick fibrinous exu ate. 
ricardial sac was greatly distended with an 

ague fluid which gave no growth on culture. 



nXIT-RIMEXTAL CARDITIS 



Fig. 1. X 100. Control Antm.^l. 
cardium, myocardiurnonnaT '"“'apencardially. slight reaction in epi- 


^ whVr showed masses of cells about half 

uid witl, organisms were seen in the 

■as greativ pericardium 

ipeared The valves 

oronarv vesselV seen in the larger 

-O'C diffii-e • fl ' sections revealed an in- 

ardium and botrr‘°'''' P^^- 

ardium ^ 'entncular and auricular mj-o- 


RESCT-TS 

At autopst' cultures were made from the pi 
cardial sacs of both series of animals. In o 
one instance was there a secondary- infection t 
the organism recovered was a staphylococc 
This animal was discarded. The remainintr c 
tures were sterile. In all of the control anim 
the hearts appeared grossly normal. In the sen 
tized animals the gross appearances at autoj: 
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varied considerably. In thirteen there was no 
abnormalit}^ In seven there were slight devia- 
tions from the normal appearance and in eight 
there were extensive changes. In four of these 
there were quite large pericardial effusions. The 
pericardial surfaces were greatly thickened and 
were covered with heavy fibrino-purulent exudate. 
Direct smears from the fluid in those instances in 
which there were pericardial effusions showed 
about an equal number of mononuclear cells and 
polymorphonuclear leukoc 3 '’tes. No bacteria were 
seen in stained preparations of pericardial fluid. 
In the hearts which were grossly abnormal the 
larger coronary vessels were studied as carefully 
as their small size would permit. No thrombi 
were found. No gross abnormalities were de- 
tected on any of the heart vah^es. 

Sections for microscopical study were made 
from the hearts of eighty-nine animals. Thirt}'- 
one normal, healthy young rabbits served as one 
control group. The tin}'- scars, areas of vacu- 
olization of muscle fibers and minute collections 
of round cells appearing in the sections of hearts 
in this series were considered normal and served 
as a standard with which to compare other sec- 
tions. Ten animals were sensitized by repeated 
slcin injections, as previously described, and were 
then sacrificed, without further procedure. 
I\Iicroscopican}^ all of these hearts were normal. 
A third, and the most important control group, 
consisted of twenty normal rabbits that received 
no skin injections whatever. By open pericardi- 
otomy as described above they received 2 cc. of a 
killed culture of SD.^ dii'ectly into the pericardial 
sac and were sacrifled ap]woximately seventy-two 
hours later. Sections from the hearts of fifteen 
of these animals were recorded as normal. In 
the remaining five there were lesions recorded as 
“ slip'ht ” wiiich will be discussed below. 

The microscopical appearance of the hearts of 
the twenty-eight animals, sensitized before the in- 
trapcricardial injection of vaccine, are remark- 
ablv different from those of the controls. Eight- 
een of these show extensive abnormalities which 
far e.xcced those noted in any of the controls. 
Four show clianges roughly com])arab}e to 
" slight " changes noted in the control group 
(mentioned in the paragraj)!! above). The re- 
maining six are considered normal. In the eight- 
een hearts considered extensively diseased the le- 


sions varied considerably both in character and 
in distribution. In some the entire heart was in- 
volved while in others the lesions were focal in 
distribution. In some hearts the pericardial sur- 
faces were extensively diseased ivhereas the myo- 
cardium was relatively spared and vice versa. 
There follows a tabulation of the changes noted in 
the eighteen hearts considered extensively dis- 
eased. 


Pericarditis, diffuse IS 

“ focal 3 

Myocarditis, diffuse 12 

focal 6 

Aortitis 5 

(Aorta visible* 6) 


* The sections did not all include the aorta. 

In most instances the pericardial membranes 
were greatl}'- thickened and covered with dense 
fibrinous exudate. In the earliest lesions poly- 
morphonuclear leukocytes occurred in consider- 
able numbers but in most instances the cells were 




I'lo. 2. X 100. Sexsitizcd .-Vni.mm.. 

2 cc. SD, vaccine intrapericardially. Intense 
pericardial reaction with dense fil'rin flep'i.-'it 
fdtrated by relatively few small romid evil-. 
Haernorrhafre. Crmnective tissue cells in f-rmt 
abundance. Iinasion of intlamrnatr)ry reacnon I't 
afijacent inyocardiiini. 
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:Iiicfly small rouiul cells with little cytoplasm and 
imiform dark nuclei. It is worthy of note that 
the numher of leukocytes was far less than one 
ivould expect in such an intense inflammatory re- 
action with tremendous outpourinc^ of fibrin. 
Perhaps the most striking feature of the reaction 
was the tendency to the formation of scar tissue 
and the whole inflammatory reaction was densely 
invaded hy young fibroblastic cells. In Figure 2 


the epicardial reaction is shown, and as can be 
seen clearly the inflammator}' changes extend deep 
into the adjacent myocardium destroying muscle 
fibers and bringing about cloudy swelling and loss 
of striation in the more normal fibers near the 
periphery of the myocardial lesions. Here also 
there is great invasion of young fibroblasts and 
rapid formation of scar tissue with destruction of 
the normal intracellular substance. 




** •« ^ *r- V 





■ > ' r„v'‘ •, ■' S? 



Fig. 3 . X 100. Sexsitized .-Animal. 

2 cc. SD 2 vaccine intrapericardially. Focal epicardial reaction. Small round 
cells, giant cells, connective tissue cells, muscle necrosis. 
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While the majority of hearts from the sensi- 
tized group showed widespread pericardial 
changes, in some the pericardial reaction was 
focal in distribution and in others it M'^as uni- 
formly very slight. Figure 3 illustrates a focal 
epicardial lesion. There is necrosis of the under- 
lying muscle fibers with many small round cells 
and numerous young connective tissue cells. As 
can be seen clearly in the illustration there are 


many giant cells. In some of the hearts with 
relatively little pericardial reaction the myo- 
cardium was extensively altered. Frequently this 
myocardial change extended down to the subendo- 
cardium and in many there was extensive jlestruc- 
tion of the papillary muscles. Figure 4 shows a 
subendocardial lesion, which is almost precisely 
like the epicardial lesion illustrated in Figure 3. 

A different type of reaction is illustrated in 



'dr-'-, ..vi.- V: -'•■r 

f f .r'l-* - SV- * ’V* ' C ''•j '•'.A . , 

yr,- ■/ 

f . -Vll a.,. 51... •: . . i-'- 

I'k; .1 X mo FtFVsITIZED -VnUM-M.. 


Fk;. •). X 100. Sf.x.^itizf.d .-Xn-im-m.. 

2 cc. SD.- v.'iccinc iiitraiiLTicardially. Focal reaction similar to Jigiirc 3 located 

subendocardial ly. 
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Figflire 5 in whicli a whole section of muscle from 
the depth of the left ventricle is almost completely 
destroyed. There is widespread necrosis of 
muscle with oedema, some haemorrhage, invasion 
of small round cells and fibroblasts. 

Careful search of the blood vessels did not re- 
veal any thrombi. In some of the sections the 
same type of inflammatory reaction was seen in 
the loose tissue about the aorta and in some the 
adventitia was likewise involved. Xone of the 
valves showed any significant change though 


often the diffuse changes noted above involved the 
myocardium at valvular junctions. Careful ex- 
amination of the vessels revealed some perivascu- 
lar lesions but in comparison to other widespread 
changes they are rare. 

DISCUSSION 

When rabbits were made skin sensitive by re- 
peated skin injections with living beta haemolytic 
streptococci and a vaccine prepared from the 
homologous organism was injected into the peri- 



Fig. 5. X 100. Sexsitizeti .\xim.\i_ 

2 cc. SD; vaccine intrapericardially. Widespread diffuse infiammatnry reaction 
of myocardium, necrosis of muscle, oedema, haemorrhage, round and connective 
tissue cell invasion. 
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While the majority of hearts from the sensi- 
tized group showed widespread pericardial 
changes, in some the pericardial reaction was 
focal in distribution and in others it was uni- 
formly veiy slight. Figure 3 illustrates a focal 
epicardial lesion. There is necrosis of the under- 
lying muscle fibers with many small round cells 
and numerous young connective tissue cells. As 
can be seen clearly in the illustration there are 


many giant cells. In some of the hearts with 
relatively little pericardial reaction the myo- 
cardium was extensivel}'- altered. Frequently this 
myocardial change extended down to the subendo- 
cardium and in many there was extensive .destruc- 
tion of the papillary muscles. Figure 4 shows a 
subendocardial lesion, which is almost precisely 
like the epicardial lesion illustrated in Figure 3. 

A dififerent type of reaction is illustrated in 



Fk;. 4. X too. Sr.N.'iTizF.D Axim.m.. 

2 cc. SD, v.icciiic intrapcricardially. Fucal reaction .‘similar to ['ituirc 3 located 
sul)endocardiaIIy. 
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Figure 5 in wliicli a whole section of muscle from 
the depth of the left ventricle is almost completely 
destroyed. There is widespread necrosis of 
muscle with oedema, some haemorrhage, invasion 
of small round cells and fibroblasts. 

Careful search of the blood vessels did not re- 
veal any thrombi. In some of the sections the 
same type of inflammatory reaction was seen in 
the loose tissue about the aorta and in some the 
adventitia was likewise involved. Xone of the 
valves showed any significant change though 


often the diffuse changes noted above involved the 
mj'ocardium at valvular junctions. Careful ex- 
amination of the vessels revealed some perivascu- 
lar lesions but in comparison to other widespread 
changes the\' are rare. 

DISCUSSION' 

When rabbits were made skin sensitive by re- 
peated skin injections with living beta haemolv-tic 
streptococci and a vaccine prepared from the 
homologous organism was injected into the peri- 
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Deficiency disease, otlier than that related to de- 
ficient dietarj' intake or to increased metabolic 
needs, may result from two kinds of disorder of 
the gastro-intestinal tract. First, the secretorj* 
mechanism, and second!}', the absorptive mech- 
anism may be at fault. The present study is not 
concerned particularly with the first, an outstand- 
ing example of which is diminution or loss of 
the “ intrinsic factor ” from the stomach, which 
is responsible for Addisonian pernicious anemia. 
The absorptive mechanism may be at fault in a 
variety of ways, for example, when diarrhea is 
present, or when there are pathological changes, 
such as ulcerations of the bowel, infections, stric- 
ture or tumor, which may, by mechanisms not well 
understood, affect motilitj- or produce mucosal 
changes (1, 2, 3). 

. The difference between the dose of iron or liver 
extract given orall}' and given parenterally to 
bring about optimal blood regeneration in certain 
types of anemia is very great. Absorption of 
these two substances obviously does not take place 
with great ease, although, in the case of the anti- 
pemicious anemia prindple in liver extract, there 
may be some destruction of the substance in the 
stomach and bowel. When the mechanism of ab- 
sorption is disturbed, clinical signs of deficiency 
of these substances might easily appear without 
the signs of deficiency of more readily absorbable 
substances, such as the products of protein, carbo- 
hydrate, and fat digestion. 

For a number of years it has been felt in this 
clinic that some method for Judging variations 
in the absorption rate from the gastro-intestinal 
tract would be of clinical value. This problem is 
fraught with many difficulties. The method em- 
ployed in animals of observing the disappearance 
of a substance in the surgically isolated gut, or the 
analysis of the contents of the gut removed post- 
mortem, a method used by Cori (4) with success 


and by many other observers in am'mal physiologj', 
obviously cannot be used in human beings except 
imder most unusual circumstances. 

Study of the length of time between the inges- 
tion of food and its appearance in feces, together 
with the character of the feces, which Burnett (5) 
employs as an indication of absorption is of some 
value but does not yield specific information. The 
upper small intestine is the organ chiefiy con- 
cerned with the absorption of necessary elements 
of the food, and until more information is ob- 
tained, it cannot be concluded that the motility of 
the bowel as a whole or of the colon and rectiun 
in particular, reflects the rate of absorption of 
materials in the upper small intestine. 

Other objections apply to the study of the quan- 
titative chemistry of the food and the feces. The 
fallacies of such a study appear when it is consid- 
ered that the gastro-intestinal tract acts as a secre- 
tory as well as an absorbing organ. Moreover, 
food substances, readily detectable in the feces, 
may be absorbed well when the gastro-intestinal 
tract is obviously damaged, or they may not be 
demonstrated, because they are destroyed by en- 
zjme or bacterial action. 

These methods of judging the rate of absorp- 
tion may be classified as direct methods. One 
must fall back on indirect methods to gain more 
information in man. The part played by the 
gastro-intestinal barrier has been frequently 
taken into account in studies involving the appear- 
ance of an ingested substance in the blood stream 
or in the urine, for example, in the study of glu- 
cose tolerance tests. In special circumstances, un- 
usual methods have been employed, examples 
being the appearance of iodine in the sputum after 
the ingestion of an iodine salt (6), the transfer- 
ence of weight to distant parts of the body after 
the drinking of a measured quantitv' of water 
(7), the physiological effects of orally adminis- 
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Before it can be declared that the appearance 
time of iodine in the sputum after ingestion is a 
measure of the rate of absorption from the ali- 
mentary tract, it is necessary to take into account 
a number of factors. The emptying time of the 
stomach is undoubtedly important. Nevertheless, 
achlorhydria which was present in most of the 
patients studied, is usually accompanied by no 
great change in the emptying time, and the empty- 
ing time may be hastened (15, 16). A small 
amount of iodine undoubtedly is absorbed by the 
mucous membranes of the mouth (17) and of 
the stomach (18). A slow circulation rate of 
the blood probably would not delay appreciably 
the appearance time of iodine. Factors which 
regulate the level of the iodine of the blood, such 
as tissue storage or kidney or bowel excretion, 
may be important. The functional ability of the 
salivary glands is undoubtedly important. 

To assist in ruling out these factors, potassium 
iodide was given intravenously, and the saliva was 
tested in the usual way. It was discovered at 
once, that relatively large amounts of potassium 
iodide (0.075 to 0.1 gram in 5 per cent solution) 
must be given in order to recover iodine uni- 
formly in the saliva. This fact indicated that the 
0.25 gram potassium iodide given by mouth must 
be rapidly and completely absorbed in normal in- 
dividuals. The time of appearance of iodine in 
the saliva after the intravenous injection of 0.075 
or 0.1 gram potassium iodide, varied between one 
and six minutes in sixteen subjects. In three sub- 
jects the time of appearance was seven, eight, and 
ten minutes, respectively. The time of appear- 
ance after intravenous administration could not 
be correlated with the time after oral administra- 
tion. This fact indicates that variation in the 
appearance time after oral administration of a uni- 
form dose of potassium iodide is dependent chiefly 
upon conditions in the gastro-intestinal tract. 

To summarize: the appearance time of iodine 
in the saliva after the ingestion of 0.25 gram po- 
tassium iodide is delayed in a wide variety of clin- 
ical conditions, including cases of anemia associ- 
ated with achlorhydria. It is probable that this 
delay is a rough measure of disturbance of the 
absorptive ability of the upper small intestine. 

2. The amino-acid nitrogen of the blood after 
the ingestion of glycine and Witte peptone. The 
fasting whole blood amino-acid nitrogen averaged 


for all subjects (4 normal individuals and 19 pa- 
tients) 6.6 mgm. per 100 cc., the extremes being 
5.6 to 7 .8 mgm. per 100 cc. One exception was 
a value of 9.3 mgm. per 100 cc. in a case of lobar 
pneumonia during crisis. These figures corre- 
spond closely with those reported by others (19, 
20 , 21 ). 

Average data for the blood amino-acid nitrogen 
after the ingestion of glycine or Witte peptone 
are presented in Figure 1. The rise of amino- 
acid nitrogen corresponded in general with that 
reported by Folin and Berglund (19) and Witts 
(21). The curves for patient^ resembled those 
for normal subjects. The amino-acid nitrogen 
reached the highest level usually in from 60 to 
120 minutes after the ingestion of glycine. In 
some patients, the highest level was not attained 
'Until 180 minutes had elapsed, which is very prob- 
ably abnormal. The most marked example of 
such a delayed “ peak ” was in a case of chronic 
nephritis with uremia. Also, in one case of myx- 
edema, the “ peak ” was delayed, and in a second 
case of myxedema the ISO-minute value was some- 
what elevated. Witts (21) has reported high 
values of amino-acid nitrogen after glycine in- 
gestion in uremia and myxedema. 

On theoretical grounds, a delay in absorption 
should result in a lower 20-minute amino-acid 
nitrogen level. The rise of amino-acid nitrogen 
20 minutes after the ingestion of glycine was sim- 
ilar in the patients and in the normal subjects, 
(Figure 1). It was the same in those subjects 
having a delayed iodine appearance time in the 
saliva as in those having a normal iodine appear- 
ance time. The average curves of the latter two 
groups are indeed strikingly similar. 

The average curve for amino-acid nitrogen of 
the blood, after the ingestion of 25 grams Witte 
peptone in nine patients, is similar to the other 
curves in Figure 1, but shows a somewhat more 
rapid rise in the first twenty minutes and is of 
shorter duration. Witte peptone, containing 
mostly larger molecules than glycine, should the- 
oretically be absorbed more slowly than glycine. 
The curve (Figure 2), however, might be taken 
to indicate that Witte peptone is absorbed even 
more rapidly than glycine. The proper interpre- 
tation is, probably, that the factor of absorption 
in the gastro-intestinal tract plays only a smal 
part in determining the course taken by the amino- 
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Fig, 1. Average Data of Whole Blood Amino-Acid Nitrogen Follov.tng the Ingestion 
OF 25 Grams GLvaNE, and 25 Grams Witte Peptone, 


acid nitrogen of the blood following the ingestion 
of glycine or of Witte peptone. 

In seven patients 4 grams glycine in 10 per cent 
solution were injected intravenously. The injec- 
tion was attended by no untoward s>Tnptoms. 
Blood samples were obtained at 4 or 5, 20, 40, 60 
and 80 minutes. In all cases except one, the 4 or 
5-minute value ranged between 10.1 and 12.3 
mgm. per 100 cc. A rapid fall then occurred, 
and the fasting level was reached in 40 to 80 
minutes. The injection of 4 grams glycine should 
theoretically result in an immediate rise of the 
blood amino-acid nitrogen to about 22 mgm. per 
100 cc., if the blood volume is 5,000 cc. This 
illustrates how rapidly excess glj’cine can be re- 
moved from the circulating blood. About 75 per 
cent of the injected 4 grams glycine must be taken 
up by the tissues or excreted in the urine in the 
first 4 or 5 minutes. 

A marked similarity in the curves obtained af- 
ter oral and after intravenous administration of 
glycine was observed in two cases. In one, a 


case of alcoholic drrhosis, there was only a mod- 
erate rise in both instances ; in the other, a case of 
chronic nephritis with uremia, there was an im- 
usually high rise. The similarity of these curves 
suggests that the nature of the cuiwe folloudng 
oral administration of glj'cine depends more upon 
the character of the process of removal of glydne 
from the blood stream, than upon the rate of ab- 
sorption from the gastro-intestinal tract. 

The data presented here suggest that the study 
of the fate of glydne in the blood stream is with- 
out value in interpreting the absorptive capadty 
of the gastro-intestinal tract. Glydne is absorbed 
very rapidly, and any difference in the rate of ab- 
sorption in different patients seems to be offset by 
the strong tendency of the regulatoiy mechanism 
to maintain a normal amino-add nitrogen content 
of the blood. This regulatoiy mechanism is un- 
doubtedly influenced by, other factors which can- 
not be easily controlled. The most important fac- 
tors are, probably, the previous state of nutrition 
of the subject, and the needs of the body at the 
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time. Martens (22) gives the opinion, that even 
the permeability of the intestinal mucosa to pro- 
tein products obeys not only the composition of 
the intestinal contents, but also the factors of in- 
ternal metabolism. 

In summary, it may be said that the amino-acid 
nitrogen corrtent of the blood following the in- 
gestion of 25 grams of glycine gives no usefid 
information regarding the rate of absorption from 
the gastro-intestinal tract. 

COMMENT 

It has been pointed out that numerous factors 
play a role in the normal absorptive mechanism. 
Undoubtedly several of these factors may be al- 
tered at one time by disease. It is possible that 
increased function of one factor may compensate 
for decreased function of another. It is prob- 
able that there occur selective hindrances to the 
absorption from the gastro-intestinal tract of cer- 
tain classes of substances, other classes of sub- 
stances passing the barrier in a normal fashion. 
The state of affairs being so complex, it would be 
hazardous to generalize about intestinal permea- 
bility from data regarding the absorptive rate of 
a single substance. The accumulation of much 
experience is required before definite conclusions 
regarding absorption can be made upon a given 
patient. 

The study of the appearance time of iodine in 
the saliva after the ingestion of potassium iodide 
has shown some strikingly contrasting results in 
normals and in patients. One is strongly tempted 
to ascribe these changes to alterations in the ab- 
sorptive rate of the small bowel, at least in re- 
spect to this particular substance. The adminis- 
tration of potassium iodide intravenously whereby 
the influence of the intestinal barrier is avoided, 
gives corroborative evidence which favors this 
conclusion. 

It seems unfortunate, at least from the point of 
view of the study of the absorptive ability of the 
gastro-intestinal tract, that a substance like gly- 
cine which may be detected readily in the blood 
stream, offers so little information regarding ab- 
sorption. The internal metabolism of glycine, its 
storage and disposal, seems to have much more 
influence upon the level in the blood stream than 
the rate at which the bowel delivers it to the cir- 


culation. The same seems to be true of glucose, 
and Trimble, Carey and Haddock (23) have 
stated that the concentrations of sugar existing 
in the venous blood may fail to reflect either the 
course or the completion of the process of glu- 
cose absorption. 

Any procedure, however, which gives definite 
information about the function of absorption of 
the gastro-intestinal tract would be of consider- 
able clinical value today. It would assist in 
elucidating problems of minor degrees of mal- 
nutrition which so frequently present themselves, 
and would aid greatly in the treatment of such 
conditions. 

SUMMARY AND CONCLUSIONS 

1. There is much evidence that nutritional de- 
ficiency may result from disorders of the gastro- 
intestinal tract which hinder absorption of essen- 
tial food factors. A suitable test for the func- 
tional ability of the absorptive mechanism would 
be of considerable clinical value. 

2. The appearance time of iodine in the saliva, 
after the ingestion of 0.25 gram potassium iodide, 
was delayed in a wide variety of clinical condi- 
tions, including patients who had achlorhydria or 
who suffered from some disease process likely to 
condition a disturbance of the absorptive mecha- 
nism. It is believed that this delay is a rough 
measure of disturbance of the absorptive ability 
of the upper small intestine. 

3. The amino-acid nitrogen content of the 
blood, following the ingestion of 25 grams gly- 
cine, gave no information of value regarding the 
rate of absorption from the gastro-intestinal 
tract. 
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The observations wliich we wisli to report have 
been made with two purposes in mind; to deter- 
mine (1) what changes, if any. occur in tlie size 
and shape of the heart, as determined by ortho- 
diagraphy. in patients witli toxic and non-toxic 
goiter, and (2) the effect of partial or subtotal 
thyroidectomy, in the same subjects, upon the 
orthodiagram. Our material consisted of 102 pa- 
tients with toxic goiters, and 35 with non-toxic 
goiters. The non-toxic group consisted of the 
nodular variety except for one case of carcinoma; 
several patients had diffuse enlargements of the 
gland in association with the non-to.xic nodules. 
In a few instances the presence of hyperthyroid- 
ism was not easy to determine. Such cases were 
classified only after consideration and correlation 
of the history.-, physical findings, basal metabolism 
readings, and histologic appearance of the ex- 
cised thyroid tissue. All patients were on the 
Thyroid Surgical Sendee of Dr. C. H. Frazier at 
the Hospital of the University of Pennsvdvania 
and were studied through his courtesy. The op- 
eration consisted of subtotal thyroidectomy in 84 
of the toxic patients (performed in one stage in 
5 1 cases and in two stages or more in 33 ) and 
unilateral lobectomy in the remaining IS (16 
nodular and 2 diffuse). In the non-toxic group 
unilateral lobectomy was done in 23, and sub- 
total tbyroidectomy in 12. The anesthesia in al- 
most all instances was a combination of nitrous 
oxide and local, often with pre-anesthetic narco- 
sis obtained b\' avertin. 

The plan of study included — in addition to the 
usual history-, phv'sical examination, and routine 
blood and urine studies — electrocardiograms, or- 
tbodiagrams. and basal metabolism determinations 
made as soon as possible after admission to the 
M ard.- The latter three studies were repeated 

^ Read in .\bstract before the Section on General 
Medicine, College of Phvsicians of Philadelphia, April 
23. 1934. 

- A number of patients were examined in the Outpa- 
tient Clinic before admission to the Ward, and tlicse 
studies were included in the analysis. 


within 7 dat's after operation and at intervals of 
about 3, 7, and 12 months thereafter. All three 
studies were usually made on the same day ; when 
this was not possible, the interval bettveen them 
did not e.xceed 3 days. In those patients of the 
toxic group who had multiple stage operations, 
fcllow-up intervals were dated from the last op- 
eration. Additional clinical studies were made 
when indicated. Thirtj' patients were followed 
for less than one year. Four toxic patients have 
been followed for over 2 years. Observations on 
the general physical condition with particular re- 
spect to the cardiovascular system and thyroid 
were made at each follow-up examination. All 
orthodiagrams were made bv the same individual 
(A. M.). 

HE.A.RT SIZE 

The literature concerning heart size in patients 
with goiter presents certain difficulties when at- 
tempts at comparison are made because of (1) 
varying classifications of thyroid disease; (2) 
different methods employed in measuring the 
heart and determining significant variations from 
normal in size; and (3) the inclusion of patients 
with associated conditions which might, per se, 
affect the size and shape of the heart. 

Table I presents a review of the literature on 
heart size in goiter before and after thyroid- 
ectomv'. Considering only those authors who 
classify- their cases as toxic and non-toxic, it 
will be seen that the preoperative percentage of 
cases with cardiac enlargement varies from 26 to 
83 per cent in the toxic cases and from 10 to 59 
per cent in the non-toxic cases. Exclusion of 
groups with assodated cardiovascular disease re- 
duces the percentages in the toxic group to the 
range 26 to 32 per cent and in the non-toxic group 
to the range 10 to 14 per cent. The analysis of 
postoperative changes in heart size in the few 
satisfactory- reports indicates that there is a tend- 
ency for hearts enlarged before operation to be- 
come smaller or remain unchanged in size, 
whether associated with to.xic or non-toxic goiter. 


483 



484 


ALEXANDER MARGOLIES, EDWARD ROSE AND FRANCIS C. WOOD 


TABLE I 


Summary of literature on heart she iu patients zvith gaiter before and after thyroidectomy 
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* Method used to determine heart sir.e, P, percussion; T, telcoroentgcnograms ; 0, orthodiagrams. 


Postmortem studies on thyrotoxic patients con- 
firm the presence of cardiac hypertrophy in 50 to 
75 per cent of cases (5, 11, 17). (iMany of these 
patients, however, had associated cardiovascular 
disease.) Furthermore, thyroid feeding in dogs 
causes cardiac hypertrojdiy, which involves all 
chamhers of the heart with slightly greater pro- 
portional increase in the left ventricle (IS). 

METHOD 

\\'e employed the orthodiagraphic method to 
record the contours of the heart. In our ojiinion 
this method, when carefully iierformcd, is more 
reliahle and accurate than jiercussion and tclco- 
rnentgen(\urap!iv. The ])atients were e.xamined 
in the erect i)oslure, in the four standard posi- 


tions."’ The diaphragm and heart borders c 
drawn at the end of normal inspiration. Cardiac 
size was determined by measuring the frontal 
area, transverse diameter and the aiiteropostei ioi 
diameter. To obtain the frontal area it is neces 
sary to coitiplctc arbitrarily the np]K>r and lowei^ 
borders of the heart by continuing the curves ot 
the right and left borders toward the inidb'’^’ 
(Figure 1). No attempt was made to obtain 
systolic and diastolic size of the hcait tor two 
reasons: (1) the difficulty of doing thi.^ in ‘ 
rapidly beating heart, and (2) the dilterenee m 
frontal area in the two phases of the he.iit beat 


•" Antfropo.'tcrior position, right anterior oiiliqiit.- P' ' 
on at 45 degrees, left anterior ohlique portion at 
egrccs and the left l.'iter.al position. 
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Fig. 1. Typical ORTnoDiAGSAM rx Hyperthypoid- 

ISil, ShOWPXG IxCRil.\SED PrOIIIXEXCE OF PCLMOXARY' 

Artery (P. A.). 

The broken line indicates the position of the border 
of the puImonar>- arter>' after relief of hj-perthjToidism. 
The curred broken lines show tiie metliod of arbitrarih- 
completing the upper and lower borders of the heart to 
obtain the frontal area. (See text). 

tYouid fall ttdthfn the limits of error of the 
method and within the range of normal variation. 

Relative heart siae 

Simple empiric observation of the relative sizes 
of the heart and thoradc cage has been superseded 
to a considerable extent by more exact measure- 
ments (19). Diagonal measurements are unre- 
liable, in our experience, because of their vari- 
ability with cardiac position and their wide nor- 
mal range. Determination of cardio-thoradc 
ratio in a series of normals has condnced us that 
the range of normal \a.riation is too wide to be of 
value in the determination of cardiac enlargement 
in the indiridual case. The position of the heart 
in the chest and the cross-sectional shape of tire 
chest are so variable normally that attempts to re- 
late heart size to chest measurements are subject 
to error. This criticism applies also to attempts 
to measure differential enlargements of the ven- 
tricles by the median right and median left diam- 
eters. Many normal hearts occupy a central or 
a left lateral position without respect to a more 
or less transverse position. Xo reliable method 
has yet been derdsed to determine roentgeno- 


graphically the relative contributions of the right 
and left ventricles in an enlarged heart (20). 
.Alterations in shape may, however, suggest pre- 
ponderance of one or the other ventricle. De- 
termination of the size and shape of the heart 
shadow does not. of course, give any information 
as to whether increase in size is due to true 
hypertrophy, dilatation of the chambers, or to 
both. 

It seems more reasonable to relate heart size to 
body size in the inditddual. Theoretically, the 
ideal would be the heart-volume, body-size ratio, 
but in the absence of criteria for that correlation 
we placed greatest reliance on the frontal area 
and transverse diameter in relation to height and 
weight, and made use of tire tables of Hodges and 
Eyster (21, 22). The heart size was considered 
within normal limits when the area not more 
than 15 per cent above or below the predicted nor- 
mal for height and weight.^ and tlie transverse 
diameter less than 1.5 cm, from the prediction. 
.All graphs and tables, however, refer to area 
alone. The anteroposterior diameter of tlie heart 
was used to determine tlie normality of heart 
depth. We believe tliat if a sufficiently wide 
range of normal variation is allowed, cardiac area 
may be accepted as a reliable index of heart size 
in patients whose anteroposterior cardiac diameter 
falls within the average normal range (23). 
Two patients were excluded from our analysis 
because their hearts presented a deJim’tely en- 
larged frontal area, but with anteroposterior di- 
ameters much below tire average normal range 
due to compression in a shallow chest. 

The heart size was considered to have clranged 
significantly when the rm-iation in area vras 10 per 
cent or more of the measurement with which; it 
was compared. This standard was adopted so as 
to include the maximum possiTIe teclinical error 
and die change in predicted heart size due to 
cliange in weight.’^ 

Our analysis of dianges in the ordiodiagram 
as shown in die accompanring figures Iia.s included 
only those patients widiout assodated cor:d:tic'r.s 

* Xorma! ["eani are rarelj- f'lvr.d t<j te mere t.'-.-ar. 15 
per cent above L'le predietec area. 

-From the tables of Hodves and Evster ill. 52 1 h 
teas competed that the cardiac area. i'.Z'-.rt.d -rurz- 3 rer ce.-.t 
for eacit 20 courr-ds c-bar-ce ir. m-febr. r.eicb.t rem.amrc 
the same. 
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(particularly carcliorascular lesions) which might 
attcct the size and shape of the heart. This has 
resulted in the exclusion of 21 of the toxic group 
and 7 of the non-toxic group. Two patients with 
persistent auricular fibrillation, hut without signs 
of failure, were included (Figure 5, A. F.). 

Figure 2A shows the relation between the 
actual and predicted cardiac areas in a group of 
60 females and 20 males without cardiovascular 
or thyroid disease. The ages of the females 
ranged from 14 to 61 years, with an auerage of 
34.S years; the ages of the males ranged from 14 
to 60 \-ears. with an average of 38.9 r'ears. 

Figure 2B shows the same relation between 
actual and predicted area in a group of 60 females 
and 20 males with thyrotoxicosis. The females 
varied in age from 14 to 61 years, with an aver- 
age of 36.7 years ; the males varied in age from 
13 to 59, with an average of 35,6 years. Twenty- 
si.x per cent of the thyroto.xic group bad en- 
larged hearts, and 5 per cent had small hearts. 
In the control group (Figure 2A) cardiac en- 
largement was present in none, and 12.5 per cent 
had small hearts. 

Fourteen per cent of 28 patients with non-toxic 
goiter showed enlarged hearts, and IS per cent 
small hearts (Figure 2C). Twenty -seven of 
this group were females, ranging in age from 14 
to 61 years, with an average age of 39. The one 
male was -44 years old. 

Figure 3 shows individual variations in cardiac 
area throughout the period of obser\ation in the 
28 patients with non-toxic goiters. Twenty-five 
of these patients were followed for one tear or 
more after operation. E.xamination of this fig- 
ure shows that cardiac enlargement was present 
before operation in 4 cases (14 per cent) ; 3 of 
these showed no significant change in size after 
operation ; one became smaller. Increase in 
cardiac area after operation occurred in II (39 
per cent) ; 8 were normal in size and 3 were 
small before operation. Sixteen (57 per cent) 
showed no significant ultimate change. Of the 5 
hearts classified as small before operation. 3 in- 
creased in size postoperatix'elv and 2 were un- 
changed. 

Figiires 4 and 5 represent similar individual 
^ariations in 80 thyrotoxic patients (one case is 
not recorded because of insufficient follow-up 
data). Si.xty-onc of these patients were followed 



Fig, 3. Ixdividu.^l i.x C.\Rr)i.\c .Area 

Tiiroughol't the Period of Obsep.vatio.v ix 28 Pa- 
tients wiTii XoN-Toxic Goiter, 


Thyroidectomy was done in all cases between the first 
and second measurements. .Abscissa represents weeks 
of obsen-ation. The percentaee relation to predicted 
area is e.xpressed by the figures in parentheses in the 
column on the left : other figures represent actual cardiac 
area before operation and at the last examination after 
operation G~ patient growing ihrougho-jt the perio-d 
of observation. The scale f in srp cm. i may be u-ed 
to determine s-ariations in area between any two measure- 
ments on the same curve. Cases in Figures 3. - .and 5 
are grouped according to heart size Iseiorc o;K;raticn. 
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EFFECT OF THYROIDECTOMY 0^ ORTHODIAGRAM 


Figs. 4 .\xd S. Individual V.ariations in C.ardi.ac Area Throughout the Period 
OF Observ.ation in 80 P.\tients with Thyrotoxicosis. 

Thyroidectomy was done between the first and second measurements in all cases 
e.xcept those marked with an x (4 cases), in which operation was done before the first 
measurements. The short perpendicular cross lines indicate the time of a second 
operation, usually a hemi-thyroidectomy. The eleventh cuiwe from the top (Figure 
4) is that of a patient who had only one operation, and in whom cardiac measurements 
were first recorded 3 days postoperatively. The cases incompletely relieved of thy- 
roto-xicosis are indicated by broken lines. AF = auricular fibrillation. G= patient 
growing during obseiration. 
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for one year or more after operation : of these, 
52 were completely relieved of their thyrotoxico- 
sis at the time of the last examination, and 9 
showed evidence of incomiilete relief. Preop- 
erative cardiac enlargement was almost twice as 
frequent (21 cases or 26 per cent) as in the non- 
toxic group. Significant ultimate changes in size 
occurred in 31 (39 per cent). None of the en- 
larged hearts showed further increase in size, and 
11 showed reduction, including 6 in patients who 
were incompletely relieved of their thyrotoxicosis. 
All of the 4 small hearts became larger after op- 
eration. Of the 55 patients with hearts of nor- 
mal size before operation, 12 increased signifi- 
cantly in size after operation, 39 remained un- 
changed, and 4 became smaller. Cases presented 
in Figures 3, 4 and 5 which were followed for 
one }'’ear or more are included in Table I. 

The frequency with which cardiac enlargement 
occurred in our cases of uncomplicated thyro- 
toxicosis seems to be significant. The number of 
cases of non-toxic goiter studied was not large 
enough to warrant any definite conclusions re- 
garding the incidence of cardiac enlargement, but 
its frequency was greater than normal. The 
average degree of enlargement (expressed in 
terms of percentage increase above the predicted 
area) in the toxic group (21 cases) was 32 per 
cent, and in the non-toxic group (4 cases) 21 per 
cent. Of the 21 thyrotoxic patients with en- 
larged hearts, 19 had diffuse goiters, and 2 
nodular goiters. 

Of 53 patients in the thyrotoxic group, eleven 
per cent showed enlargement one 3 ^ear or more 
after successful thyi'oidectom}^ the remainder 
were within the normal zone (Figure 6A; cf. 
Figure 2B). 

Of 12 thyrotoxic patients who were incom- 


pletely relieved, nine were followed for one year 
or more, and one each for 20, 30 and 40 weeks 
respectively. Six showed change in actual area 
of less than 10 per cent, 4 had decreased 10 per 
cent or more, and only 2 showed increase in size 
(Figure 6B). 

Figure 6C shows the relation between actual 
and predicted areas in 25 patients with non-toxic 
goiter one year or more after operation. Com- 
parison of the relative proportion of large, small 
and normal hearts in 25 patients with non-toxic 
goiter before and one year after operation shows 
no significant shift (Figure 2C, cf. Figure 6C). 

We were unable to demonstrate any significant 
relation between the duration of thyrotoxicosis 
or of non-toxic goiter, as determined roughly 
from the history, and the incidence of cardiac en- 
largement. In the tltyrotoxic patients without 
heart failure some of the most marked cardiac en- 
largements occurred in cases of apparently short 
duration. Because of the marked tendency to 
spontaneous fluctuation in the intensity of thyro- 
toxicosis, we made no attempt to correlate this 
factor with abnormalities of heart size. 

The relation between changes in bod}'’ weight 
and cardiac area during the period of observation 
is shown in Table II. Without significant weight 
change, the non-toxic patients showed a greater 
tendency to significant increase in heart size than 
did the toxic group with cardiac compensation 
preserved. The latter showed a more maiked 
tendency to gain weight after operation, as might 
have been anticipated. Actual variations in 
cardiac area bore no direct relation to changes m 
predicted area based on weigiit changes. Ihcre 
did, however, seem to be a tendency toward in- 
crease in heart size with increasing gain of weight 
(compare columns A in Table II). 


TABLK II 

The relation between changes in body wcifjht and cardiac area 


- 

Ultimate change in weight, j 

per cent . — 10 to -P 10 

10 to -t- 20 

-f 20 to -h 30 

-h 30 to -f 40 

-1- 40 to + 50 

> 

Ultimate change in area* i .1 B \ C 

Tosic : 2 ! 20 1 5 

Non-toxic ... 10 ' 14 i 0 

1 1 

A i B 

5 ! 24 

2 1 1 

1 

0 

1 

.-1 

3 

0 

B 

8 

0 

C 

4 

0 

.1 

3 

0 

B C 

0 0 

0 I 0 

1 

0 

B 

<> 

C 

1 

0 

4 

1 

1) 


’ .1 — Ultimate increase in area cf 10 per cent or mere. 
/> — L'ltimatc change in area of less than 10 per cent. 
C — Ultimate decrease in area of 10 per cent or more. 
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Nine toxic patients showed either a reduction 
of the basal metabolic rate to — 15 per cent or 
below, or exhibited other evidence of hypothy- 
roidism after operation. In 5 these changes were 
not associated with any significant variation in 
cardiac area. In 4 there was an increase in heart 
size varying from 9 to 18 per cent up to the time 
of appearance of the thyreoprival signs. In 3 of 
these patients there was coincidental weight gain. 
In 3 non-toxic patients the basal metabolic rate 
dropi:)ed after operation to — 15 per cent or be- 
low, and in 2 others mild thyreoprival symptoms 
appeared. In the latter two no change in cardiac 
area occurred. Of the former, 2 showed increase 
in cardiac area of 11 and 12 per cent respectively 
without significant weight gain. It appears that 
postoperative hypothyroidism may be partly re- 
sponsible for increase in cardiac area occurring 
after thyroidectomy (13). 

Sex did not seem to influence the incidence of 
cardiac enlargement in the toxic group. All but 
one of the non-toxic patients were females. 

Table III shows the age distribution with refer- 
ence to the incidence of cardiac enlargement. The 


TABLE in 

The relation belzvccn age and the incidence of cardiac 
enlargement (15 per cent or more above prediction) 



Toxic 

Non-toxic 

Decade 

1 





Total 

Number 

Total 

Number 


number 

with large 

number 

with large 


of cases 

hearts 

of cases 

hearts 

9 

5 

0 

3 

0 

3 

18 

4 

3 

1 

4 

23 

6 

11 

1 

5 

25 

8 

7 

0 

6 

8 

5 

3 

1 

7 

1 

0 

1 

1 


frequency of enlargement api)ears to increase di- 
rectly with age in the toxic patients, but there is 
no apparent relationship in the non-toxic group. 

Fifteen (19 per cent) of 81 toxic patients 
showed temporary variations of 10 per cent or 
more in cardiac area during the period of ob- 
servation. In these cases there were no signifi- 
cant nltiinate changes in ai'ea from the first to the 
last measurements. These variations did not bear 
anv relation to changes in heart rate or blood pres- 
sure. It is not certain that thyrotoxicosis influ- 


enced these variations in size as no adequate con- 
trol observations have been made in normals. 

Eight toxic patients with preserved compensa- 
tion received digitalis before or after operation in 
moderate dosage for short periods without appar- 
ent effect on their cardiac measurements. 

Nine thyrotoxic patients and one with non-toxic 
goiter, not included in the foregoing discussion, 
were in congestive heart failure when first seen. 
All showed increase in cardiac area, A'aiying from 
9 to 62 per cent above prediction. Their indi- 
vidual variations in heart size are shown in Figure 
7 . Seven of the nine thyrotoxic patients were 
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relieved of their thyrotoxicosis after operation. 
Five were in auricular fihrillation ; in 3 normal 
rhythm returned postoperatively. In 6 the car- 
diac area diminished after operation, despite gain 
of weight in 5. One patient was followed for 
onlv a few days after operation, and her fate is 
unknown. The one patient known not to have 
been completely relieved of thyrotoxico.sis showed 
a slight increase in cardiac area 1 1 months after 
operation. Eight of the nine toxic patients were 
relieved of their decompensation (including the 
one who remained thyroto.xic). The one non- 
toxic patient (a male) had cardiovascular-renal 
disease with hypertension and heart failure; he 
was unimproved four and a half months after 
operation. 

Tracheal stenosis 

The consensus in the literature is that tracheal 
stenosis from thyroid pressure has no demonstra- 
ble effect on the size of the heart. Parkinson and 
Cookson (11), in postmortem e.xaminations of 
43 thyrotoxic patients, found cardiac hypertrophy 
in 22. but only 2 of these showed tracheal stenosis. 
^^’e made no systematic attempt to analyze the 
incidence or degree of severity of tracheal stenosis. 

e have, however, obsen'ed a number of patients 
with substernal goiter causing pressure symptoms, 
in whom there was no cardiac enlargement. 

Pulmonary artery 

Bauer and Helm (24) first called attention, in 
patients with thyroid disease, to the prominence 
and increased pulsation of the pulmonary artery 
and pointed out that increased prominence and 
increased pulsation are not always combined. 
Parkinson and Cookson (11) found a definite 
prominence of this arc in 42 (32 per cent) of 130 
tluTotoxic patients. The heart was normal in size 
in over one third (16) of the cases with definite 
prominence. They confirmed the presence of 
dilatation of the pulmonaiy artery by postmortem 
e.xamination and pointed out that it may be ob- 
scured during life by the position of the heart. 
They attributed the dilatation to the widened pulse 
pressure and increased heart rate in thyroto.xicosis. 
^lenard and Hurxthal (12) found a prominent 
(straight or conve.x) pulmonary arc in 52 (45 per 
cent) of their 115 toxic patients. They further 


report the same finding in 30 per cent of their 
patients with non-toxic goiter and in 32 per cent 
of non-goitrous individuals but think the prom- 
inence is greater in thyrotoxicosis. They observed 
a definte reduction after th\-roidectomy or after 
disappearance of heart failure in 19 (37 per cent) 
of their toxic patients. 

In our series of 81 thyrotoxic patients, 44 (54 
per cent) showed prominence and.^or increased 
pulsation of the pulmonaiy arteiy (Figure 1). 
Of these, 35 showed prominence and increased 
pulsation combined. Four showed prominence 
alone, and 5 increased pulsation alone. Of the 
28 patients with non-toxic goiter. 4 (14 per cent) 
showed one or the other of these pulmonary ar- 
tery changes. This group included one patient 
with slight prominence of the arterv', in whom a 
diagnosis of chronic thyroiditis was made. An- 
other patient showed slight dilatation of the pul- 
monaiy- arteiy- in the right anterior oblique posi- 
tion but not anteroposteriorly. Two patients 
showed increased pulsation without prominence 
of the artery-. 

In 34 of the 44 toxic patients, the abnormality- 
of the pulmonary- artery disappeared in from 1 to 
7 months after operation (average 2.3 months). 
In this group, 16 hearts became smaller, 12 be- 
came larger, and 6 did not change in size. In the 
10 patients in whom the changes persisted. 8 were 
classed as successful results, one was unsuccessful, 
and one was not followed long enough to be 
classified. Of these 9 patients followed, the car- 
diac area decreased in 2 and was unchanged in 7. 
In 3 of the 4 non-toxic patients, the changes in the 
pulmonary- artery- disappeared in 1, 4 and 12 
months respectively- without significant change in 
heart size. In the fourth case there was no 
change one y ear after thy-roidectomy-. 

Seven patients with other complicating condi- 
tions showed abnormalities of the pulmonary- ar- 
tery- before operation. Three were in decompen- 
sation; the others had aortic insuRiciency. mitral 
insufficiency-, mitral stenosis and hy-pertension. re- 
spectively-. The abnormality- disappeared after 
operation in all but the two patients v.-ith mitral 
lesions. 

We were unable to demonstrate any- relationship 
between the occurrence of changes in the pul- 
monary- artery and (a ) change.- in heart -ize. O’) 
sy-stemic blood pressure. ( c ) preoyK-rative heart 
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Nine toxic iiatients showed either a reduction 
of the basal metabolic rate to — 15 per cent or 
below, or exhibited other evidence of hypothy- 
roidism after operation. In 5 these changes were 
not associated with any significant variation in 
cardiac area. In 4 there was an increase in heart 
size varying from 9 to 18 per cent up to the time 
of appearance of the thyreoprival signs. In 3 of 
these patients there was coincidental weight gain. 
In 3 non-toxic patients the basal metabolic rate 
dropped after operation to — 15 per cent or be- 
low, and in 2 others mild thyreoiirival symptoms 
appeared. In the latter two no change in cardiac 
area occurred. Of the former, 2 showed increase 
in cardiac area of 11 and 12 per cent respectively 
without significant weight gain. It ajDpears that 
postoperative hypothyroidism ma}^ be partly re- 
sponsible for increase in cardiac area occurring 
after thyroidectomy (13). 

Sex did not seem to influence the incidence of 
cardiac enlargement in the toxic group. All but 
one of the non-toxic patients were females. 

Table III shows the age distribution with refer- 
ence to the incidence of cardiac enlargement. The 


TABLE III 

The relation bctivecn age and the incidence of cardiac 
enlargement (15 per cent or more aboz’e prediction) 



To.xic 

Non-to.\-ic 

Decade 



! 1 



Total 

Number 

Total 

Number 


number 

with large 

number 

with large 


of cases 

1 hearts 

of cases 

liearts 

2 

5 

0 

3 

0 

3 

18 

4 

3 

1 

4 

23 

6 

n 

1 

5 

25 

8 

7 

0 

6 

8 

5 

3 

1 

7 

^ ! 

« 1 

I 
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frequency of enlargement appears to increase di- 
rectly with age in the toxic patients, but there is 
no apparent relationship in the non-toxic group. 

Fifteen (19 per cent) of SI toxic patients 
showed tcnif’orary variations of 10 per cent or 
more in cardiac area during the period of ob- 
servation. In these cases there were no signift- 
caiit ultimate changes in area from the first to the 
last measurements. These variations did not bear 
any relation to changes in heart rate or blood pres- 
sure. It is not certain that thyroto.xicosis influ- 


enced these variations in size as no adequate con- 
trol observations have been made in normals. 

Eight toxic patients with preserved compensa- 
tion received digitalis before or after operation in 
moderate dosage for short periods without appar- 
ent effect on their cardiac measurements. 

Nine tltyrotoxic patients and one with non-toxic 
goiter, not included in the foregoing discussion, 
were in congestive heart failure when first seen. 
All showed increase in cardiac area, varying from 
9 to 62 per cent above prediction. Their indi- 
vidual variations in heart size are shown in Figure 
7. Seven of the nine thyrotoxic jiatients were 



of normal .situi.'; rhythm. 



«l 61 




Fig. 8. Roentgex-Kvmogr-xms of the Borders of the Left \’exteicee 
AND Pl'LMONARV ArTERY. 

The lung fields show as the lighter zones ; the heart and pulmonary artery respectively produce the black zones ; 
the serrated edges represent the cardiac and vascular pulsations. The ventricular tracings (A, B and C) should be 
read from above downward; systole is represented by the deflection of the heart border to the left, diastole by the 
deflection to the right. The arterial tracings (D, E and F) should be read from left to right; systole is represented 
by the upward deflection of the vascular shadow, as in the usual pulse tracing. The letter P identifies the position 
oi the beginning of the P wave in the simultaneously recorded electrocardiogram; Q, the beginning of the QRS com- 
p'e-x; T, the end of the T wave (27, 28). 

A. Pulsation of the left ventricular border in a normal heart, rate 110. 

B. Pulsation of the left ventricular border in a normal heart, rate 140. 

C. Pulsation of the left ventricular border in a thyrotoxic heart, rate 130. The systolic contraction is quicker 
and greater in extent than in the normal heart beating at approximately the same rate. 

D. Pulsation of the pulmonary artery in a normal patient, heart rate 115. 

E. Pulsation of the pulmonary artery in a thyrotoxic patient, heart rate 150 (faster moving ca=ette). 

E. Pulsation of the pulmonary artery in a thyroioxic patient, heart rate 110. The amplitude of the arterhal pu’s.a- 

tion is greater in the thj-rotoxic patients. 
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rate, or (d) basal metabolism, in either the toxic 
or non-toxic group. The relative importance of 
alterations in pressure within the pulmonary cir- 
culation in this connection cannot be determined 
at present. 

Cardiac pidsation 

Kraus (1) first called attention to the marked 
change in heart size during contraction in hyper- 
thyroidism. Bauer and Helm (24) noted the in- 
creased pulsation of the whole left border. Ros- 
ier (25) believes that the pulsation is character- 
istic in that the systolic contraction is quicker than 
in a normal heart beating at the same rate; that 
the contraction is not wave-like as in normals, but 
the whole ventricle seems to contract at the same 
time. Our own fluoroscopic observations sup- 
ported by roentgen-kymographic studies (27, 28) 
of the pulmonary artery and left ventricular pulsa- 
tions (Figure 8), confirm the presence of the 
characteristic pulsation in hyperthyroidism. This 
characteristic pulsation disappears after relief of 
h 3 qierthyroidism. 

Cardiac shape 

The following characteristics of the cardiac con- 
figuration in hyperthyroidism have been described : 
prominence of the middle left border (pulmonary 
artery) (9, 11, 24, 25, 26) ; prominence and in- 
creased width of the superior vena cava (11, 25) ; 
high aortic knob (24) ; rounded apex (24) ; a 
mitral configuration (9) ; a ham-like contour 
(11) ; cardiac shape and pulsation may, at times, 
first draw the attention of the clinician to the ex- 
istence of thyrotoxicosis (9, 25). The lung fields 
may be unusually clear (25, 26). 

\Ve found that, at times, the anterojiosterior 
cardiac silhouette partially simulates the “ mitral 
configuration,’' because of the filling out of the 
normally concave middle left border by the dilated 
pulmonary artery ; the clouded lung fields and pos- 
terior enlargement of the left auricle seen in mitral 
stenosis arc not present in hvperthvroidism. 
Furthermore, the aortic knob and its jnilsation 
arc not usually as obscure as in the case of mitral 
stenosis. The height of the aortic knob was not 
significantly difFcrcnt from that seen in a group 
of non-goitrous patients of corresponding age 
distribution (25). We dirl not find increased 
width of the suj)erior vena cava (12) (middle 


right border), but the extreme upper right vas- 
cular border was frequently somewhat oblique, 
probably due to right lateral displacement of the 
right innominate vein b}^ the enlai'ged tluToid 
gland. We found nothing characteristic in the 
shape of the heart itself, exclusive of the vascular 
pedicle. When the heart was enlarged, the con- 
figuration suggested bilateral increase with prob- 
ably slight left ventricular preponderance in most 
cases. 

SUMMARY 

Orthodiagraphic studies have been made in 102 
thvrotoxic patients and .35 patients with non-toxic, 
goiter. These studies were made before partial 
or subtotal tlymoidectom}’^ and at successive inter- 
A'^als thereafter up to one year in most instances. 
Our findings have been analyzed with respect to 
the following: (1) the incidence of abnormalities 
of cardiac area before operation; (2) changes in 
cardiac area following complete and incomplete 
surgical relief; (3) the relation between changes 
in cardiac area and (a) duration of goiter or thy- 
rotoxicosis, (b) postoperative weight changes, (c) 
postoperative hypothyroidism, (d) age, (e) sex, 
(f) heart failure; (4) the incidence of changes 
in the appearance of the pulmonarj’’ arter}^ and 
the effect of thyroidectomy on these changes ; and 
(5) the shape and character of pulsation of the 
heart in h^q^erthyroidism. 

CONCLUSIONS 

1. Significant increase in cardiac area occurs 
frec|uently in uncomiilicated hyperthyroidism (26 
per cent of our cases). The incidence of such 
increase in patients with uncomplicated non-toxic 
goiter is also probably abnormal (14 per cent in 
our series of 28 cases). 

2. Following thyroidectomy in uncomplicated 
hvperthyroidism, there is a tendency' for heait.s 
of abnormal size, whether large or small, to retinu 
toward normal and for hearts within the noiina 
zone to remain so. This tendency is not inateri 
allv affected by failure to control complete!} ic 
hviierthyroidism. 

3. Significant changes in cardiac area do not oc 
cur following tlwroidectomy for nncompiicatcf 
non-toxic goiter. 

4. Postoperative hypothyreudism may octa^mn 
ally be a factor in increasing cardiac area. 






Fig. 8. Roentgex-Kymogr-ams of the Borders of the Left Vextricle 
AXD PULMOXARY ARTERY, 

The lung fields show as the lighter zones ; the heart and pulmonary artery respectively produce the black zones : 
the serrated edges represent the cardiac and vascular pulsations. The ventricular tracings (A, B and C ) should be 
read from above downward; systole is represented by the deflection of the heart border to the left, diastole by the 
deflection to the right. The arterial tracings (.D, E and F) should be read from left to right; systole is represented 
by the upward deflection of the vascular shadow, as in the usual pulse tracing. The letter P identifies the position 
of the beginning of the P wave in the simultaneously recorded electrocardiogram; Q. the beginning of the QRS com- 
plex; T, the end of the T wave (27, 28 ) . 

A. Pulsation of the left ventricular border in a normal heart, rate 110. 

B. Pulsation of the left ventricular border in a normal heart, rate 140. 

C. Pulsation of the left ventricular border in a thyrotoxic heart, rate 136. The systolic contraction is quicker 
and greater in extent than in the normal heart beating at approximately the same rate. 

jD. Pulsation of the pulmonary artery in a normal patient, heart rate 115. 

E. Pulsation of the pulmonary artery in a thyrotoxic patient, heart rate 150 (faster moving casctfe). 

F. Pulsation of the pulmonary arterj- in a thyrotoxic patient, heart rate 110. The amplitude of the arterial pulsa- 

tion is greater in the thyrotoxic patients. 
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5. Temporary variations in cardiac area, with- 
out significant ultimate changes, occur after thy- 
roidectom}'’ for uncomplicated hyperthyroidism in 
some cases (19 per cent in our series). The 
cause of these variations is not known. 

6. Congestive heart failure in hyperthyi'oidism 
is almost always accompanied by enlargement of 
the cardiac area. This tends to decrease with 
postoperative restoration of compensation, pro- 
vided the thyrotoxicosis is also relieved. 

7. Increased prominence and/or pulsation of 
the pulmonary artery is frequent in hyperthyroid- 
ism (54 per cent of our cases). It occurs less 
frequently in association with non-toxic goiter 
(14 per cent of our cases). The cause of these 
changes is unknown. W e were unable to demon- 
strate any relation between them and (a) changes 
in heart size, (b) systemic blood pressure, (c) 
preoperative heart rate, or (d) basal metabolism, 
in patients with toxic or non-toxic goiter. In 
about three-fourths of our cases, the abnoi'inality 
of the pulmonary artery disappeared within 1 to 
7 months after thyroidectomy. 

8. Cardiac pulsation, as observed fluoroscopic- 
ally, is usually characteristically altered in hyper- 
thyroidism. 

9. The heart (exclusive of the vascular pedicle) 
does not assume a characteristic shape in persons 
with toxic or non-toxic goiter. 
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The purpose of these observations lias been to 
determine (1) what abnormalities, it any. occur 
in the electrocardiograms of persons with either 
toxic or non-to.xic goiter; and (2) the electro- 
cardiographic effect of partial or subtotal thyroid- 
ectomy in the same subjects. The plan of study 
has been described in a previous communication 
(!)•_ 

This report is based on a study of preoperative 
and postoperative electrocardiograms in 106 pa- 
tients; 27 with non-to.xic goiter. 20 with toxic 
nodular goiter, and 59 with toxic diffuse goiter. 
The records of 31 other patients were excluded 
because the electrocardiographic data were incom- 
plete or because digitalis had been administered 
when one or more of the electrocardiograms were 
made. 

The electrocardiograms were accurately stand- 
ardized (I cm. = 1 millivolt). Overshooting 
was avoided. All tracings were taken with im- 
mersion electrodes with the patient sitting. Com- 
parison of skin resistances at the times of the 
first and last e.xaminations in each instance showed 
no marked variations and no constant direction 
of change. X'ormal tracings were differentiated 
from abnormal ones by the usual criteria. .Any T 
wave in Lead I or II. one millimeter or less in 
height, and any QRS comple.x showing definite 
left a.xis deviation, were considered abnormal. 
Slight tremor of the string occurred in about half 
the thyroto.xic patients at the first examination, 
and in a few instances this was marked ; it usually 
disappeared later in the course of observation. 
-All the thyrotoxic patients were receiving iodine 
when the preoperative tracing was taken, and 
this may have tended to reduce the height of the 
T waves (2). In determining whether or not the 
electrocardiogram of any given patient had 
changed, alterations of less than 1 millimeter in 

’ Presented in abstract before the Section on General 
Medicine. College of Phvsicians of Philadelphia. .April 
23. 1934. 


T waves, and of less than 5 millimeters in QRS 
complexes, were not considered significant. 

The electrocardiographic changes in hyperthy- 
roidism have been considered at length in the lit- 
erature. The most important contributions are 
those of Krumbhaar (3) ; Hamburger, Lev, 
Priest, and Howard (2) ; Jonas and M'ichterlova 
(4) ; Coelho (5) ; Goodall and Rogers (6) ; Gos- 
sels (7) ; Willius, Boothby, and AYilson (8) ; 
Smith and Colvin (9) ; White and Aub (10) ; and 
Don and Langlet' (11). Don and Langley report 
studies similar to those described here. Some 
writers (3, 12, 13) believe that the electrocardio- 
gram in hyperthyroidism is usually characteristic 
with large P and T waves. Others (9, 10. 14) 
disagree with this view and state that the T waves 
may be large, small or inverted and bear no rela- 
tion to the degree of toxidtj.'. Similar disagree- 
ment is found with regard to the effects of treat- 
ment. Thus Hamburger and his co-workers (2) 
state that relief of hyperthyroidism is usually ac- 
companied by reduction in the height of the T 
waves, while Don and Langley (11) could find 
no relation between reduction of the basal meta- 
bolic rate and changes in P and T waves. 

Table I contains a classification of the electro- 
cardiograms in patients with various t>'pes of 
goiter and the changes which occurred in them 
after thyroidectomy. 

P zvaz’es. Twent}'-five of the 79 toxic cases 
had P waves 3 mm, or more in height in one 
or more leads at the preoperative e.xamination. 
-All but 4 of these showed a reduction to less than 
3 mm. at the last examination. Two of these 4 
were incompletely relieved of their thyrotoxicosis : 
the third had hypertension : and the fourth, mitral 
stenosis. In no instance did normal P waves in a 
preoperative tracing increase to abnormal height 
at the last e.xamination. One patient in the non- 
to.xic group had a P wave 3 mm. high before op- 
eration. which was reduced to 2 mm. at the la-t 
e.xamination. The T waves in this ca.-e were of 
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TABLE I 

Classification of electrocardiographic abnormalities in various types of goiter 


Types of goiter 

Abnormalities 

Non-toxic 

Toxic nodular 

Toxic diffuse 


B* 

y 


Total 

.4 

B 

c 

D 


■ 

B 

i 

D 

C 

H 

Total 

toxic 

Number of patients 

B 



B 

g 

11 

2 

2 

5 

H 


11 


■ 

59 

79 

P wave 3 mm. or higher 




1 

1 

5 




H 

8 

4 


B 


25 

QRS complexes increased in size immediately after 

















operation 





o 





0 I 

3 

1 



4 

4 

All QRS complexes smaller at last examination than at 



1 











1 



first 

1 




1 





O 

6 

3 

1 

1 

11 1 

11 

Shift of electrical axis toward the left from first to last 












1 





examination 

1 


1 

2 

4 

6 

1 

1 

1 

9 

18 

7 

5 

1 

31 

40 

T waves 4 mm. or higher at first examination 

3 



3 

6 

4 

1 


1 

6 

8 

4 


1 

13 

19 

T waves increased in size immediately after operation . . 



1 


1 



1 

1 

2 

8 

3 

5 

2 

18 

20 

Slight temporary reduction of T waves after operation . 

5 


1 

1 

7 

4 


1 

1 

6 

4 

3 


2 

9 

15 

Temporary reduction of T waves to abnormal degree 

















after operation 

3 




3 

2 




2 

6 

2 

2 

I 

11 

13 

T waves smaller at last examination than at first 

1 



1 

2 

4 

2 



6 

6 

5 



11 

17 

T waves larger at last examination than at first 

2 


4 


6 

3 


2 


5 

4 


4 

1 

9 

14 

T waves 4 mm. or higher at last examination 

3t 



31 

6 

3§ 



1 

4 

6!1 

211 

2 



14 


* A — Normal at first and last examination. 

B — Normal at first and abnormal at last examination. 

C — Abnormal at first and normal at last examination. 

D — ^Abnormal at first and abnormal at last examination. 


t Present at first examination in 1 case. 

J Present at first examination in all cases, 
§ Present at first examination in 2 cases, 
jj Present at first examination in 4 cases. 
If Present at first examination in 1 case. 


very low amplitude throughout, but there was no 
other evidence of cardiovascular disease, and noth- 
ing to indicate thyroto.xicosis. One thyrotoxic 
patient, whose other tracings were normal, showed 
inverted P waves in all leads at her last exam- 
ination. 

Auricular flutter was present before operation 
in one thyrotoxic patient ; this was followed im- 
mediately after operation by auricular fibrillation. 
Normal rhythm was subsequently established. 
Auricular fibrillation was present in 12 other cases 
of hyperthyroidism. In 2 it was a temporary 
postoperative phenomenon. In 10 it was present 
at the first examination : in 7 of these it disap- 
peared soon after operation, and in the other 3 
it has persisted. 

P-R iulcrvnl. A minor grade of heart block 
was i)resent throughout the period of observation 
in one non-to.xic patient ( P-R interval = 0.24 
second). No other instance of disturbed auriculo- 
ventricular conduction was obscrA’cd. 

()RS complexes. Four toxic patients showed 
a temporarv postoperative increase in the size of 
their ( )RS comple.xes. 'Phis was not seen in any 


of the non-toxic group. In 11 of the toxic pa- 
tients, the QRS complexes were definitely smaller 
in all leads at the last examination than at the 
first. This occurred in one of the non-toxic 
group. One toxic patient showed an excessively 
high complex before operation, which was latci 
reduced to normal. In another instance left a.xis 
deviation appeared six months after operation but 
had disappeared one year after operation. One 
th 3 n‘otoxic woman, aged 29, showed a right bundle 
branch defect (new nomenclature) throughout the 
period of observation (3 years) and has shown 
no other evidence of cardiovascular disease. 

The variations of the QRS complex dcscniicd 
above were relatively infrequent, and their sig- 
nificance is difficult to determine. Flowever, a 
definite shift of the electrical axis toward the left 
from the first to the last examination was noted 
in 40 (51 per cent) of the 79 toxic cases, and m 
onlv 4(15 per cent) of the 27 non-toxic jiaticnts- 
\\'hcn this tendency was first noted, it was l)clic\ef 
to be due to increase in bodv weight follow iiu 
postoperative reduction of the basal metabolic 
rate. 'Phis explanation, however, is not su]>]>orte' 
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Fig. I. ELECTR0CARDI0GRA^rs OF V.O., A Woman' of 23 Years, Who Had a Toxic Diffuse Goiter, 
Duration- 6 Weeks, Basae ^[ETABOLISM Befo'.e Operation' (Jun'e 14, 1931) -r 56 per cen't. 

Right lobectomy June 15, 1931. Left lobectomy October 28, 1931. Last basal metabolism on August 
10, 1932 was -f 18 per cent. 

This figure shows : 

(1) Marked changes in T waves. T, was inverted February 2, 1931, less inverted June 24, 1931, 
upright October 24, 1931, inverted once more November 3, 1931, less inverted March 3, 1932, upright 
June 8, 1932, upright December 3, 1932. 

(2) Shift of the electrical axis to the left fpatient gained 7 lbs.). Inde.x on Februaiy 2, 1931 = 
— 8. Inde.x on December 3, 1932 = — 3. 

(3) P waves were large at first and subsequently reduced in size. 


Op 

.4 1/16/32 B C 

1/13/32 I 1/21/32 1/14/33 




Fig. II. Electrocardiogram of B.S., a Wonian of 33 Years, with a Xo.x- 
Toxic Nodl'l.ar Goiter 

Thyroidectomy was done on January 16. 1932. 

This figure shows that marked changes may occur in the T waves of a non- 
toxic patient. On January 13. 1932. T, was slightly inverted. On January 21, 

1932, five days after operation, T„ was more deeply inverted. On Januaiy 14, 

1933, T„ was normal. She had received no digitalis. 
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TABLE I 

Classification of electrocardiographic abnormalities in various types of goiter 


Types of goiter 

Abnormalities 

Non-toxic 

Toxic nodular 

Toxic diffuse 

A* 

B* 

C* 

D* 

Total 

A 

B 

c 

D 

Total 

A 

B 

C 

V 

Total 

Total 

toxic 

Number of patients 

16 

0 

4 

7 

27 

11 

2 

2 

5 

20 

33 

11 

9 

6 

59 

79 

P wave 3 mm. or higher 




1 

1 

5 




5 

8 

4 

6 

2 

20 

25 

QRS complexes increased in size immediately after 













1 




operation 





0 





0 

3 

1 



4 

4 

All QRS complexes smaller at last examination than at 

















first 

1 

1 



1 





0 

6 

3 

1 

1 

11 

11 

Shift of electrical axis toward the left from first to last 

















examination 

1 


1 

2 

4 

6 

1 

1 

1 

9 

18 

7 

5 

1 

31 

40 

T waves 4 mm. or higher at first examination 

3 



3 

6 

4 

1 


1 

6 

8 

4 


1 

13 

19 

T waves increased in size immediately after operation. . 



1 

1 

1 



1 

1 

2 

8 

3 

5 

2 

18 

20 

Slight temporary reduction of T waves after operation . 

5 


1 

1 

7 

4 


1 

1 

6 

4 

3 


2 

9 

15 

Temporary reduction of T waves to abnormal degree 

















after operation 

3 




3 

2 




2 

6 

2 

2 

1 

11 

13 

T waves smaller at last examination than at first 

1 



1 

2 

4 

2 



6 

6 

5 



11 

17 

T waves larger at last examination than at first 

2 


4 


6 

3 


2 


5 

4 


4 

1 

9 

14 

T waves 4 mm. or higher at last examination 

3t 




6 

3§ 



1 

4 

6!l 

211 

2 


10 

14 


* A — Normal at first and last examination. 

B — Normal at first and abnormal at last examination. 

C — Abnormal at first and normal at last examination. 

D — Abnormal at first and abnormal at last examination. 


t Present at first examination in 1 case, 
t Present at first examination in all cases, 
§ Present at first examination in 2 cases. 

II Present at first examination in 4 cases. 
II Present at first examination in 1 case. 


very low amplitude throughout, but there was no 
other evidence of cardiovascular disease, and noth- 
ing to indicate thyrotoxicosis. One thyrotoxic 
patient, whose other tracings were normal, showed 
inverted P waves in all leads at her last exam- 
ination. 

Auricular flutter was jiresent before operation 
in one thyrotoxic patient ; this was followed iin- 
mediatel}" after operation by auricular fibrillation. 
Normal rhythm was subsequently established. 
Auricular fibrillation was present in 12 other cases 
of hvperthyroidism. In 2 it was a temporary 
postoperative phenomenon. In 10 it was present 
at the first examination : in 7 of these it disap- 
peared soon after operation, and in the other 3 
it has ])crsisted. 

P-R interval. A minor grade of heart block 
was present throughout the period of observation 
in one non-toxic jxiticnt ( P-R interval ;= 0.24 
second). No other instance of disturbed auriculo- 
ventricular conduction was observed. 

ORS couiplc.vcs. Four toxic patients showed 
a tempoi-arv postoperative increase in tlie size of 
their pRS cannplexes. This was not seen in any 


of the non-toxic group. In 11 of the toxic pa- 
tients, the QRS complexes were definitely smaller 
in all leads at the last examination than at the 
first. This occurred in one of the non-toxic 
group. One toxic patient showed an excessively 
high complex before operation, which was latci 
reduced to normal. In another instance left axis 
deviation appeared six months after operation but 
had disaj^peared one year after operation. One 
th^u'otoxic woman, aged 29, showed a right bundle 
branch defect (new nomenclature) throughout the 
period of observation (3 years) and has shouu 
no other evidence of cardiovascular disease. 

The variations of the QRS complex dcscnI)Cfi 
above were relatively infrequent, and their sig- 
nificance is difficult to determine. Plowevcr, a 
definite shift of the electrical axis toward the Iclt 
from the first to the last examination was noted 
in 40 (51 per cent) of the 79 toxic cases, and m 
only 4 (15 per cent) of the 27 non-toxic iiaticnts. 
When this tendency was first noted, it was behcycc^ 
to be due to increase in body weight following 
postoperative reduction of the basal metaho ic 
rate. This explanation, however, is not sujiportc' 
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Fig. I. Electroc.\rdiogr.\ms of V.O., Woman of 23 Years, Who H.\d a Toxic Diffltse Goiter. 
Duration 6 Weeks, Basal Metabolism Befo'.e Operation (June 14. 1931) -f- 56 per cent. 

Right lobectomy June 15, 1931. Left lobectomy October 28, 1931. Last basal metabolism on August 
10, 1932 was -r 18 per cent. 

This figure shows : 

(1) Marked changes in T waves. T, was inverted February 2, 1931, less inverted June 24, 1931, 
upright October 24, 1931, inverted once more November 3, 1931, less inverted March 3, 1932, upright 
June 8, 1932, upright December 3. 1932. 

(2) Shift of the electrical a.xis to the left fpatient gained 7 lbs.). Index on February 2, 1931 = 
— 8. Index on December 3, 1932 = — 3. 

(3) P waves were large at first and subseo.uently reduced in size. 


Fig. II. Electrocardiogram of B.S., a Woman of 33 Years. i\nTH .a X'on 
TOXIC XoDULAR GoiTER 

Thyroidectomy was done on January 16. 1932. 

This figure shows that marked changes may occur in the T waves of a non 
toxic patient. On Januarj- 13. 1932. T„ was slightly inverted. On Januarv '’1 

1932. five days after operation. T, was more deeply inverted. On Tanuarv 14 

1933, T„ -was normal. She had received no dieitalis. 
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Fig. III. This Figure Shows R S-T Interval Deviations in (1) a Toxic Patient and in (2) a 

Patient with a Non-toxic Nodular Goiter. 

(1) Electrocardiograms of J.R., a woman of 30 years, who had a toxic diffuse goiter, duration 4 
3 ^ears; basal metabolism before operation ( September 22, 1931) 4-71 per cent; basal metabolism 1 4 months 
later (December 7, 1932), -t- 35 per cent. 

A. First tracing September 17, 1931, heart rate 130; depression of the R S-T interval in all leads. I he 
patient had received no digitalis. Immediately after operation (October 12, 1931) she was digitalized be- 
cause of an attack of auricular fibrillation and developed deeply inverted T waves. 

B. Last tracing December 7, 1932, heart rate 130. She had not received digitalis since shortly after 
her operation. The R S-T interval deviations had disappeared, despite the fact that the patient s thj ro- 
toxicosis was only partiallj' relieved by thyroidectomjc 

In addition to the R S-T interval changes, this tracing shows (a) large P waves in the first tracing 
which became smaller in the last tracing and (b) a marked shift of the electrical axis toward the left 
in the last tracing, as compared with the first one, from — 4 to 4-5. (The patient gained 30 lbs.). 

(2) Electrocardiograms of M.McC., a woman of 37 j'ears, who had a non-to.xic nodular 
duration 12 years; basal metabolism before operation (March 4, 1931) + 14 per cent; one j'car later + 

per cent. . i xr r 

The first tracing. A. taken on ^larch 5. 1931 showed a depression of the R S-T interval. No ( igi 

tails had been administered. The change of R S-T interval had disappeared to some extent .se\en da>.s 
later, B. It had vanished completely one year after operation, C. The patient gained 10 lbs. during t le 
year. The electrical axis did not change. 
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i)v more careful analysis of the data. The cases 
were studied witli reference to (a) the changes 
in axis, calculated on the basis of White's (15) 
indc.x.^ (h) the change in body weight, and (c) 
any cardiovascular or other conditions which 
might have innuenced the electrical a.xis. Al- 
though the largest average gain of weight occurred 
in the group showing shift of the axis to the left, 
the change in the individual case was not neces- 
i^arily proportional to change in weight. In the 
toxic group, for e.xample. eight cases which 
showed gains of 10 Ihs. or less showed a definite 
shift of electrical axis toward the left. On the 
other hand, six cases which gained from 30 to 50 
Ihs. showed either no change or a shift to the 
right. This change in axis was not accompanied 
by any characteristic changes in the T wave in 
Lead III. It cannot be correlated with changes 
in heart rate. Moreover the cases which failed 
to show this phenomenon were not necessarily 
those whose hr-perthyroidism had not been re- 
lieved by operation. Many thyrotoxic patients 
show prominence and increased pulsation of the 
pulmonary artery, which tend to disappear when 
the thyroto.xicosis is relieved. This phenomenon, 
which suggests overaction of the right ventricle 
in thyrotoxicosis, may be related to the change 
of a.xis under consideration. However, a review 
of our cases, with this thought in mind, failed to 
elicit corroborative data. The presence and sub- 
sequent disappearance of prominence and in- 
creased pulsation of the pulmonary artery did not 
occur more frequently in those groups which 
showed a definite shift of electrical a.xis to the 
left. There may be some relationship between 
these two phenomena, but our methods failed to 
demonstrate it. We. therefore, feel that this shift 
in electrical axis, which so often accompanies sur- 
gical relief from hyperthyroidism, cannot be satis- 
factorily explained at present. 

■S'-T interval. Four patients showed deviation 
of the S— T interr-al from the isoelectric line be- 
fore operation — a depression in Leads II and III 
in each case. This abnormality disappeared in all 
instances before the first postoperative tracing 
taken . There was no histon,' of administra- 

The inde.x of shift is the figure obtained by calculating 
e index according to White's formula for the first 
an ast tracings of each individual patient and subtract- 
ing the former from the latter. 


tion of digitalis prior to the first electrocardiogram 
in any of the 4 patients. The first patient had a 
non-to.xic goiter; the second, a toxic nodular 
goiter; and the third, a toxic diffuse goiter; the 
final tracing was normal in each instance. The 
fourth patient had a to.xic diffuse goiter ; the final 
tracing showed isoelectric T waves in all leads. 
(The third patient was digitalized after operation 
and does not appear in the Table.) 

T waves, (a) Changes at the first and last e.r- 
ainination. E.xamination of Table I will show 
that our findings do not support the belief that the 
height of the T waves is directly proportional to 
the degree of thyrotoxicosis. Although 17 toxic 
patients showed smaller T waves at the last e.x- 
amination than at the first. 14 showed the reverse. 
Two patients with postoperative hypothyroidism 
developed small T waves, but similar changes oc- 
curred in 8 patients who did not show postopera- 
tive thyroid deficiency. Furthermore, in 10 pa- 
tients who were incompletely relieved of their 
thyroto.xicosis, 3 had larger T waves at the last 
e.xamination than at the first, 3 had smaller T 
waves, and 4 showed no change in size. 

The incidence of T waves 4 mm. or more in 
height, in both the toxic and non-to.xic groups, 
was about the same at the first and last examina- 
tions. T waves which had been normal before 
operation sometimes became abnormal at the last 
examination, and the reverse was also occasionally 
noted. 

(fi) Iniinediate postoperative changes. These 
likewise seemed to follow no definite rule. Seven 
non-to.xic and 15 toxic patients showed slight re- 
duction in the height of the T waves in the first 
postoperative tracing. Three non-toxic and 13 
toxic patients showed a temporary- reduction after 
operation, suffident to be considered abnormal. 
However, one non-toxic and 20 toxic patients 
showed an increase in the amplitude of the T 
uares in the first postoperative tracing. This 
phenomenon was slightly more common in the 
group which had been toxic for 2 years or more 
(9 of 2/ cases) than in the remainder of the toxic 
group (11 of 52 cases). Parade and Haas ( 16) 
report inrersions of T waves immediately after 
operation in a series of cases of hyperthyroidism 
buj; stated that their patients received \-erodigen 
0.5 gram and quinidin 0.2 gram three times daily 
from the fifth day before to the third day after 
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operation. Kammerer and Obennaier ( 17 ) noted 
T wave negativit}^ after th3n-oidectomy in 20 per 
cent of their (toxic?) cases. In order to evaluate 
this phenomenon properly it would be necessary 
to take daily tracings after operation, which we 
did not do. However, the time which elapsed 
between operation and the taking of the first post- 
operative tracing in our cases did not seem to be 
of importance in connection with the reduction of 
height of the T waves. We have not been able 
to find any satisfactory report of cases studied 
after other types of operation to serve as a control 
series. The fact that some patients with non- 
toxic goiter showed T wave changes similar to 
those seen in the toxic group casts some doubt 
upon the belief that the th3n‘otoxicosis itself is 
the determining factor. 

The severity of the postoperative reaction, the 
type of anesthetic used, the presence of substernal 
extension of the thyroid, the occurrence of in- 
juries to the recurrent laryngeal nerves, and the 
age and sex of the patients, all bore no apparent 
relation to the incidence of postoperative T wave 
iiwersion in our cases. Some patients showed 
such inversion after only one stage of a two-stage 
operative procedure. One individual showed an 
increase in size of T waves after her second op- 
eration but not after her first. 

It thus appears that, while marked T wave 
changes may occur immediatel3^ after partial or 
subtotal th3'roidectomy in h3’perth3Woidism, the3' 
are not all of the same t3'pe : their occurrence is 
at present unprcdictalile, and the3^ follow no ap- 
parent pattern. Similar changes occur less fre- 
quentlv after the removal of non-toxic goiters. 

(r) Other changes. A few patients showed T 
wave changes in addition to those noted above. 
Two toxic male patients, aged 27 and 32 , devel- 
oped inverted T wa\-es in Lead I resembling 
“ coronarv ” T waves, without an3' other evidence 
of coronary occlusion. In the first case this 
change ajqjeared only in the last tracing, taken 18 
months after operation. In the other, it appeared 
onlv in the tracing taken 4 months after opcrati(jn 
and had disapiieared 8 months later when the 
final e.xamination was made. 

Two female patients, aged 27 and 38 . showetl 
abnormal T waves throughout the period of ob- 
servation with no other evidence of cardiovascular 
disease. The first had a toxic nodular goiter: T, 


was isoelectric, T, and H inverted throughotit. 
(This patient was followed for only seven months 
after operation and does not appear in the Table.) 
The second patient had a toxic diffuse goiter : the 
preoperative tracing showed T^ isoelectric, T„ and 
Tg inverted. The last tracing, taken 2 3'ears after 
operation, showed T^ uiiright. To diphasic, and T, 
inverted. 

Two female jiatients, thyrotoxic and desperately 
ill on admission, with congestive heart failure and 
auricular fibrillation, showed normal electrocardio- 
grams one 3'^ear after operation. All evidence of 
cardiovascular disease had disappeared. The first 
and second tracings ma3’’ have been influenced by 
digitalis administration during the preoperative 
period and cannot be accuratel3^ interpreted. 

Onl3'’ 3 patients in the toxic group showed no 
electrocardiographic changes whatever through- 
out the entire period of observation. One of 
these patients had an enlarged heart and showed 
auricular fibrillation throughout. Despite digital- 
ization the T waves remained upright and un- 
changed in size or appearance. 

It is possible that the T wave in th3U‘otoxic per- 
sons is subject to more frequent changes in size 
and shape and is more labile than in other indi- 
viduals. Marked changes ma3' appear in normal 
persons as a result of exercise. Thus an upright 
T wave ma3'- become higher immediately after 
exercise and be inA'^erted ten minutes later ( 18 ). 
It is possible that in thyrotoxicosis with instabil- 
it3'^ of the vegetative nervous mechanism the 1 
wave ma3'' be more readiH altered 113’’ ps3'chic and 
plq^sical disturbances. Further investigation is 
necessaiy to siq^port this suggestion. Whelhei 
or not this explanation is valid, the fact remains 
that T wave inversion appears quite frequently as 
a transient phenomenon in patients with thyro- 
toxicosis. Consequently in this disease caution is 
necessaiy in interpreting the significance of in 
verted T waves. T wave abnormalities in_ F' 
tients with thyrotoxicosis do not necessarily indi- 
cate the presence of chronic myocardial disease. 

W'e have been unable to find any significant re 
lationship between electrocardiographic chan.ge.'. 
and A'ariation in heart size in our patients. n 
the toxic .group the smaller variations in he.ut 
size occurrecl without auA' characteristic eketr 
cardio,graj)hic accompaniment. I luisc 1 

who showed more marked variations in size la' 
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usually been in congestive failure and hence had 
received digitalis at some time during the period 
of observation; in tliem interpretation of the 
electrocardiograms was not possible. ^lost of 
these patients are not included in the analysis of 
the orthodiagraphic data. In the non-to.xic group 
enlarged hearts were usually associated with other 
cardiovascular abnormalities, thus making inter- 
pretation of the tracings difficult. 

Likewise no relation could he found between 
electrocardiographic changes and (a) variation in 
heart rate, (6) the degree of relief from thyro- 
to.xicosis obtained by operation, (c) the duration 
or severity of the thyrotoxicosis, or (d) the age 
of the patients. 

An attempt was made to determine the prog- 
nostic value of the electrocardiogram in patients 
who were to he subjected to thyroidectomy. The 
records of all patients who died in the hospital on 
all surgical services after thyroidectomy, from 
January. 1931, to October, 1934, were studied. 
There were ten such patients. Seven of these 
had electrocardiograms taken during the month 
preceding operation ; all were thyrotoxic. Of 
these 7 cases, 5 had tracings which were within 
normal limits except for simple tachycardia. The 
sixth patient showed auricular fibrillation, the 
QRS and T waves being normal. The seventh 
showed diphasic T waves in Leads I and 11. 

Three of the 137 patients in our series died 
during the period of observation, after leaving the 
hospital, none as a direct result of operation. 
One died of “ edema of the lan nx ” three months 
after operation ; her electrocardiogram was nor- 
mal e.xcept for transient postoperative auricular 
fibrillation. One died two months after operation 
of unknown cause; he had had auricular fibrilla- 
tion throughout with flat T waves and numerous 
ventricular e.xtrasystoles. The third patient 
(who had been in auricular flutter on admission) 
died one year after operation of carcinoma of the 
liver. 

Although these facts are rather meager, they do 
not suggest that routine electrocardiograms I'cr sc 
have any value in determining whether thyrotoxic 
patients will live through (a) the immediate post- 
operative period or {h) the year following thy- 
roidectomv. 

Finally, we were unable to discover any tend- 
ency 01 the various changes in P waves, QRS 


comple.xes or T waves, listed in Table I. to group 
themselves in any characteristic fashion in indi- 
vidual patients, 

SUMlt.-\.RY 

Electrocardiographic studies have been made in 
102 th\Totoxic patients and 35 patients with non- 
toxic goiter. These studies were made before 
partial or subtotal th\Toidectomv and at successive 
intervals thereafter, up to one year in most in- 
stances. The records of 8 patients with non- 
toxic goiter and 27 with hyperthyroidism have 
been excluded from our analysis. Our findings 
have been analyzed with respect to the following: 
(1) the frequence of- abnormal electrocardio- 
grams before operation and the effect of opera- 
tion upon them; (2) the occurrence of changes 
in the P waves, P— R interval, QRS complexes, 
electrical axis, S— T interval and T waves ; the 
nature of these changes; and the effect of opera- 
tion upon them; (3) the inddence of abnormali- 
ties of cardiac rhjthm and the effect of operation 
upon them; (4) the relation between electro- 
cardiographic abnormalities and (a) variations in 
size of the heart, {b) the presence of substernal 
goiter, (r) variation in heart rate, (rf) duration 
and severity of thyrotoxicosis, (e) severity of 
postoperative reaction, (/) ri'pe of anesthesia em- 
ployed, {g) injuiu' to the recurrent larr-ngeal 
nerve, {h) degree of relief of thyrotoxicosis ob- 
tained by operation, (f) age, (/) se.x and (k) 
the state of cardiac compensation. 

COXCLUSIOXS 

1. Abnormal electrocardiograms occur with 
about the same frequenej- in patients with toxic 
and non-to.xic goiter (45 and 41 per cent respec- 
tively in our series). 

2. Clianges in normal electrocardiograms after 
partial or subtotal thyroidectomy are more com- 
mon in patients with hyperthyroidism than in 
those with non-to.xic goiter (97 per cent as com- 
pared with 56 per cent in our series). 

3. Large P waves (3 mm. or more in height) 
are common in hyperthyroidism. They are usu- 
ally reduced to less than 3 mm. after succes:rfnl 
thyroidectomy. 

4. Following partial or .-ubtotal thyroidectomy 
in hyperthyroidism, the electrical a.xis of th.e 
heart shifts to the left in about half the case.-. 
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operation. Kammerer and Obermaier (17) noted 
T wave negativity after thyroidectomy in 20 per 
cent of their (toxic?) cases. In order to evaluate 
this phenomenon properly it would be necessary 
to take daily tracings after operation, which we 
did not do. However, the time which elapsed 
between operation and the taking of the first post- 
operative tracing in our cases did not seem to be 
of importance in connection with the reduction of 
height of the T waves. We have not been able 
to find any satisfactory report of cases studied 
after other types of operation to serve as a control 
series. The fact that some patients with non- 
toxic goiter showed T wave changes similar to 
those seen in the toxic group casts some doubt 
upon the belief that the th3u-otoxicosis itself is 
the determining factor. 

The severity of the postoperative reaction, the 
type of anesthetic used, the presence of suhsternal 
extension of the thyroid, the occurrence of in- 
juries to the recurrent laryngeal nerves, and the 
age and sex of the patients, all bore no apparent 
relation to the incidence of postoperative T wave 
inversion in our cases. Some patients showed 
such inversion after only one stage of a two-stage 
operative procedure. One individual showed an 
increase in size of T waves after her second op- 
eration hut not after her first. 

It thus appears that, while marked T wave 
changes may occur immediately after partial or 
subtotal thyroidectomy in hyperthyroidism, they 
are not all of the same type; their occurrence is 
at present unpredictable, and the}^ follow no ap- 
parent pattern. Similar changes occur less fre- 
quently after the removal of non-toxic goiters. 

(e) Other changes. A few patients showed T 
wave changes in addition to those noted above. 
Two to.xic male patients, aged 27 and 32, devel- 
oped inverted T waves in Lead I resembling 
“ coronal'}' ” T waves, without any other evidence 
of coronary occlusion. In the first case this 
change apiieared only in the last tracing, taken 18 
months after o])eration. In the other, it appeared 
onlv in the tracing taken 4 months after operation 
and had disaiipeared 8 months later when the 
final examination was made. 

Two female patients, aged 27 and 38. showed 
abnormal T waves thnnighout the period of ob- 
servation with no other evidence of cardiovascular 
disease. The first had a toxic nodular goiter; T, 


was isoelectric. To and To inv'^erted throughout. 
(This patient was followed for only seven months 
after operation and does not appear in the Table.) 
The second patient had a toxic diffuse goiter ; the 
jireoperative tracing showed T^ isoelectric. To and 
To inA’'erted. The last tracing, taken 2 years after 
operation, showed T^ upright, T„ diphasic, and To 
inverted. 

Two female patients, thyrotoxic and desperately 
ill on admission, with congestive heart failure and 
auricular fibrillation, showed normal electrocardio- 
grams one year after operation. All evidence of 
cardiovascular disease had disappeared. The first 
and second tracings may have been influenced by 
digitalis administration during the preoperative 
period and cannot be accurately interpreted. 

Only 3 patients in the toxic group showed no 
electrocardiogi'aphic changes whatever througb- 
out the entire period of observation. One of 
these patients bad an enlarged heart and showed 
auricular fibrillation throughout. Despite digital- 
ization the T waves remained upright and un- 
changed in size or appearance. 

It is possible that the T wave in thyrotoxic per- 
sons is subject to more frequent changes in size 
and shape and is more labile than in other indi- 
viduals. j\Iarked changes may appear in normal 
persons as a result of exercise. Thus an upright 
T wave may become higher immediately affei 
e.xercise and be inverted ten minutes later (IS). 
It is possible that in thyrotoxicosis with instabil- 
ity of the vegetative nervous mechanism the f 
wave may be more readily altered by psychic and 
physical disturbances. Further investigation is 
necessary to support this suggestion. Whether 


Dr not this explanation is valid, the fact remains 
hat T wave inversion appears quite frequently as 
transient phenomenon in patients with thyro- 
o.xicosis. Consequently in this disease caution is 
leccssary in interpreting the significance of m 
rerted T wa\'es. T wave abnormalities m I^Ji- 
:icnts with thyrotoxicosis do not necessarily indi- 
cate the presence of chronic myocardial disease. 

We have been unable to find any significant re 
ationship between clectrocardiograiihic changes 
md variation in heart size in our jciticnts. 
he toxic group the smaller variations in htarl 
;ize occurred without an}' characteristic their 
lardiographic accompaniment. rho>e 
vho showed more marketl variations in .-ize 
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usiiallv l)ccti in congestive failure and lienee had 
received digitalis at some time during the period 
of observation : in them interpretation of the 
electrocardiograms was not possible. Most of 
these patients are not included in the analysis of 
the ortho<!iagraphic data. In the non-toxic group 
enlarged hearts were usually associated with other 
cardiovascular abnormalities, thus making inter- 
pretation of the tracings difiicult. 

Likewise no relation could be found between 
electrocardiographic changes and (u) variation in 
heart rate, (h) the degree of relief from thyro- 
toxicosis obtained by operation, (tr) the duration 
or severity of the thyrotoxicosis, or (d) the age 
of the patients. 

.An attempt was made to determine the prog- 
nostic value of the electrocardiogram in patients 
who were to bo subjected to thyroidectomy. Tlie 
records of all patients who died in the hospital on 
all surgical services after thyroidectomy, from 
Januan', 1931, to October, 1934, were studied. 
There were ten such patients. Seven of these 
had electrocardiograms taken during the month 
preceding operation; all were thyroto.xic. Of 
these 7 cases, 5 had tracings which were within 
normal limits e.xcept for simple tachycardia. The 
si.xth patient showed auricular fibrillation, the 
QRS and T waves being normal. The seventh 
showed diphasic T waves in Leads I and II. 

Three of the 137 patients in our series died 
during the period of observation, after leaving the 
hospital, none as a direct result of operation. 
One died of “ edema of the larynx ” three months 
after operation ; her electrocardiogram was nor- 
mal except for transient postoperative auricular 
fibrillation. One died two months after operation 
of unknown cause; he had had auricular fibrilla- 
tion throughout with flat T waves and numerous 
rentricular extrasystoles. The third patient 
(who had been in auricular flutter on admission) 

died one year after operation of carcinoma of the 
liver. 


Although these facts are rather meager, they do 
not suggest that routine electrocardiograms per se 
at e ain- value in determining whether thyrotoxic 
patients will live through (a) the immediate post- 
operative period or (b) the vear following thy- 
roidectomy. 

Finally, n-e were unable to discover any tend- 
enc\ the various clianges in P waves, QRS 


comple.xes or T waves, listed in Table I. to group 
themselves in any characteristic fashion in indi- 
vidual patients. 

.SL'.tr.tr.\RY 

Electrocardiographic studies have been made in 
102 thyrotoxic patients and 35 patients with non- 
to.xic goiter, Titese studies were made before 
partial or subtotal thyroidectomy and at successive 
intervals thereafter, up to one year in most in- 
stances. The records of 8 patients with non- 
to.xic goiter and 27 with hyperthyroidism have 
been excluded from our analysis. Our findings 
have been analyzed with respect to the following: 
(1) the frequency of- abnormal electrocardio- 
grams before operation and the effect of opera- 
tion upon them; (2) the ocairrence of changes 
in the P waves. P-R interval, QRS complexes, 
electrical a.xis, S— T interval and T waves; the 
nature of these changes; and the effect of opera- 
tion upon them; (3) the incidence of abnormali- 
ties of cardiac rhythm and the effect of operation 
upon them; (4) the relation between electro- 
cardiographic abnormalities and (a ) variations in 
size of the heart, (b) the presence of substernal 
goiter, (c) variation in heart rate, (d) duration 
and severity of thyroto.xicosis, (e) severity of 
postoperative reaction, (/) tv'pe of anesthesia em- 
ployed, (g) injury to the recurrent lan.ngeal 
nerve, {h) degree of relief of thyrotoxicosis ob- 
tained by operation, (i) age, (j) se.x and <kf 
the state of cardiac compensation. 

COXCLCSIOXS 

1. Abnomial electrocardiograms occur ' 
about the same frequence' in patients with t'.x , 
and non-to.xic goiter (45 and 41 per cent resf ec- 
tively in our series). 

2. Changes in normal electrocardiograms after 
partial or subtotal thyroidectomy are more com- 
mon in patients with hyperthyroidism than in 
those with non-toxic goiter (97 per cent as com- 
pared with 56 per cent in our series). 

3. Large P waves (3 mm. or more in height ) 
are common in hyperthyroidism. They are u-u- 
ally reduced to less than 3 mm. after "successful 
thyroidectomy. 

4. Following partial or subtotal tln-roidectomy 
in hyperthyroidism, the electrical axis of the 
heart shifts to the left in about half the cases. 
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The cause of this shift is unknown; it is appar- 
ently not due to changes in bod}^ weight alone. 

5 . Marked T wave changes occur before and 
after th3'^roidectom3^ in hyperthyroidism, but they 
follow no apparent pattern, and their occurrence 
is unpredictable. The T waA^es in h3^perth3U'oid- 
ism are not characteristicall3'^ larger than normal, 
nor do they necessaril3'- become reduced in size 
when the hyperthyroidism is relieved. 

6 . T wave inversion in th3u-otoxicosis does not 
necessaril3'’ indicate the presence of chronic m3'0- 
cardial disease. It occurs quite frequentl3’^ as a 
transient phenomenon. 

7 . The electrocardiographic changes seen in pa- 
tients with toxic and non-toxic goiter do not 
seem to be related to (a) changes in heart size, 
(b) heart rate, (c) postoperative improvement in 
thyrotoxicosis, (d) duration or severit3'^ of tltyro- 
toxicosis, (c) age, (/) sex, (g) the state of 
cardiac compensation, (//) the presence of sub- 
sternal goiter, (f) operative injuries to tbe re- 
current laryngeal nerve, (/) the type of anesthesia 
employed or (k) the severity of the postoperative 
reaction. 
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Numerous attempts during the past several 
years to isolate bacteria of possible etiologic sig- 
nificance from the blood, sjmovial fluid, or tis- 
sues of patients with rheumatoid (atrophic) 
arthritis have yielded inconsistent results ( 1 ) . In 
general, the lack of uniformitj’ in the results of 
bacteriologic studies in this disease is striking. 

Nevertheless, a suggestion of a possible rela- 
tionship of hemolj'tic streptococci to rheumatoid 
arthritis was offered by the demonstration by 
Nicholls and Stainsby (2) of agglutinins for 
hemol 3 'tic streptococci in high titer in the blood 
serum of a majority of patients with this disease. 
Several subsequent reports (3-8) confirm in gen- 
eral the results of Nicholls and Stainsby, and 
show that the tendency of hemol}'tic streptococci 
to be agglutinated b)' sera from cases of rheuma- 
toid arthritis is not restricted alone to the “ typical 
strain” of Cecil, Nicholls, and Stainsby (9), but 
’that the reaction is characteristic of beta (hemo- 
Ij'tic) streptococci as a group. 

Following infection by hemolj’tic streptococci, 
the blood serum contains streptococcal antihemoly- 
sin (antistreptolysin) in high titer. This was 
demonstrated by Todd (10) and later confirmed 
by Coburn and Pauli (11), working in conjunc- 
tion with Todd, and by Myers and Keefer (12), 
in such infections as acute follicular tonsillitis, 
scarlet fever, erysipelas, and acute rheumatic 
fever. Wilson, Wheeler, and Leask (13) re- 
ported that following streptococcal infections the 
average antistreptolysin titer was definitety higher 
than in normal subjects. Seegal and Lyttle (14) 
found high antistreptotysin titers in a large per- 
centage of a series of cases of acute glomerular 
nephritis. 

Inasmuch as the demonstration of agglutinins 
for hemolytic streptococci in the serum of pa- 
tients with rheumatoid arthritis is at least sug- 
gestive of some relation of these organisms to this 
■ disease, it appeared that an investigation of the 
antistreptolj’sin content of sera from patients with 


rheumatoid arthritis might be of interest. Mj-ers 
and Keefer (12), whose paper appeared soon 
after the inception of this work, claimed that " the 
sera of patients with rheumatoid, as well as other 
forms of arthritis, fell into a group which resem- 
bled that of normal individuals or patients with 
non-streptococcal infections.” 

It is the purpose of this communication, first, 
to add confirmation of the presence of agglutinins 
for hemolj-tic streptococci in high titer in the sera 
of patients with rheumatoid arthritis, and second, 
to demonstrate that a certain percentage of these 
sera contain antistreptolysin in titers above the 
normal range. 

AGGLUTIXAnON TESTS 

Cases studied. Agglutination tests were per- 
formed on 69 sera from 62 cases of typical rheu- 
matoid arthritis. The patients in this group pre- 
sented the tj-pical syndrome of a chronic poty- 
arthritis which tended to progress to ankjdosis 
and deformity. All degrees of severity of the 
disease were included in the series. The duration 
of the disease ranged from 3 months to 36 years ; 
the great majority of the cases were of one j-ear’s 
duration or over. The age of the patients, in- 
cluding two children with Still's disease, ranged 
from 6 to 68 j-ears; three-quarters of the group 
were under SO j-ears of age, and about half of 
the group were in the fourth and fifth decades. 

As controls, 129 sera from 125 persons pre- 
senting a variety of infectious and non-infectious, 
orthopedic, medical, and surgical conditions were 
emploj'ed. These included h^-pertrophic arthritis, 
spondv’litis ankylopoietica (of the ilarie-Stru- 
empell or Bechterew type), gonorrheal arthritis, 
osteomv-elitis, rheumatic fever, proven infections 
by hemoh"tic streptococci, and miscellaneous other 
conditions. The age distribution of the control 
series was similar to that of the patients with 
rheumatoid arthritis. 
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TABLE X 

Agglutination by sera from cases of rheumatoid arthritis 





Hemolytic streptococci 



Staphylococci 














Anti- 

Sedimen- 

tation 

rate 


Case 

Sex 

“Typical 

strain" 

Rheu- 

Erysipe- 

Erysipe- 

Scarlet 

Strepto- 

coccus 

virtdons 

Micro- 

coccus 

de- 


strepto- 

lysin 

titer 
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number 

age 

matic 

fever 

las 

las 

fever 

Staphyh' 

coccus 

units 

mm. 
in 45 
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AB66 

Q33 

21 

B3 

C203 

208 

formotts 

aureus 

per 
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minutes 


1 

F38 

2560 

320 


320 

640 
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190 

81 

3 months 



2560 

320 


640 

640 

— 



190 



2 
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1280 

1280 
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40 
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43 

6 months 



1280 

1280 


— 

40 

10 



380 



3 

F40 
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' 1280 


80 
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— — 

. 

— 

190 

47 

952 

5 years 

20 years 

45 

46 

F62 

F38 

160 

160 

320 

320 


20 


80 



20 

2 years 

10 years 

S months 

4 years 

1 year 

47 

48 

49 

F68 

F39 

F19 

160 

160 

160 

160 

80 

80 

40 

40 

40 

— 



<47 

47 

90 

25 

33 

SO 

F49 

160 

80 


20 

— 

— 



95 

47 

6 months 

51 

M39 

160 

SO 


40 

40 

— 




4 years 

52 

53 

F42 

F61 

SO 

40 

640 


40 

320 

— 



28 

82 

2 years 
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TABLE I {ConlinueS) 


Case 

numto 

Sd 

and 

age 

Hemolytic streptococci 

Streplty- 

coccus 

Tiridens 

203 

Staphylococd i 

1 

Anti- 

strepto- 

lysin 

titer 

units 
per 1 
cc. 

Sedimen- 

tation 

rate 

mm- 
in 45 
minutes 

Duration of 
arthritis 

"Typical 

strain” 

AB66 

j 

Rheu- 

tnalic 

fever 

Q33 

Erysipe- 

las 

21 

Erysipe- 

las 

B3 

Scarlet 

fever 

C203 

Micro- 
coccus 
dc- 1 
formans 

Staphylo- 

coccus 

cureus 

54 

F57 

40 

80 


20 

20 





47 


7 years 

SS 

F54 

40 

80 


160 

40 

— 



0 


3 rears 

56 

M47 

— 

160 


— 

— 

— 



133 

65 

10 years 

57 

F67 

— 

— 


— 

— 

— 



190 


9 months 

58 

M50 

— 

— 

— 



— 




20 

3 months 

59 

MIS 

— 

— 

— 



— 

— 

1280 



3 months 

60 

F47 

— 

— 


— 

— 

— 



<47 

8 

7 rears 

61 

F34 

— 

— 


— 

640 

. — 



95 


4 vears 

62 

F22 


— j 

— 1 




SO 

I 

320 

\ 


38 

5 years 


The clinical diagnosis of Cases Number 17 and 20 is Still’s disease. In the instances where more than one sample of 
serum was obtained, the time intervals between taking of the samples was as follows: Number 1 — 20 days; Number 2 — 
2 j months; Number 9 — months; Number 24 — 12 months; Number 27 — 3 months, 5| months, and 4J months. 


Technic of agglutination tests 

The organisms employed in the agglutination 
tests were: 

Hemolytic streptococci: 

“AB66” — Cedi’s "tj’pical strain," isolated from the 
hlood of a patient with rheumatoid arthritis. 

“ Q33 ” — a rheumatic fever strain, “ from the tonsillar 
exudate of a patient who had suffered for months 
from severe polyarthritis and carditis with con- 
gestive failure” (IS). 

“ 21 ” — from a case of erysipelas. 

“ B3 ” — from a case of erysipelas. 

C203” — from a case of scarlet fever. 

Streptococcus viridans: 

208” — isolated in this laboratory from the blood in 
a typical case of subacute bacterial endocarditis. 
Staphylococd : 

Micrococcus deformans” — isolated by Crowe from 
the urine of a patient with rheumatoid arthritis. 
Staphylococcus aureus “ 182 ” — isolated in this labora- 
tory from the blood stream in a fatal case of in- 
fected sinus thrombosis. 

For their courtesy in supplying certain of these 
strains, our thanks are due to Dr. W. J. Stainsby, 
for “AB66”; to Dr. H. F. Swift, for “Q33”; 
to Dr. K. E. Birkhaug, for “21 to Dr. M. H. 
Dawson, for “ B3 ” and “C203”; and to Dr. 
H. W. Crowe, for Micrococcus deformans. 

The sera used for the tests were obtained under 
aseptic precautions and kept in sterile tubes at 
of the sera were tested with Cedi’s 
tj’pical strain,” Q33, one of the eiy-sipelas strains. 
Streptococcus viridans. The scarlet fever 
strain, C203, was used in agglutination tests with 


114 sera, and the two staphylococcus strains with 
80 sera. 

In about half of the agglutination tests, living 
24-hour cultures in bacto-heart-infusion broth 
were employed. Subsequently, younger cultures 
(16 to 20 hours old) in “streptolysin broth” 
were used. This medium was made according 
to the formula described by Swift and Hodge 
(16) and was found to give excellent diffuse 
growth. A small series of tests was also made 
with heat-killed suspensions in “ streptolysin 
broth.” Equally good results were obtained with 
antigens prepared by all three methods. The 
suspensions were diluted with physiological salt 
solution to the desired turbiditj-. 

Serial dilutions of the sera were made in sero- 
logical tubes with physiological salt solution, and 
an equal volume of bacterial suspension was 
added to each tube, to give final dilutions ranging 
from 1 : 10 to 1 : 1280. The tubes were incubated 
in a water bath at 56° C. for two hours, then 
transferred to the refrigerator, at 4° C. The 
titer was read after holding the tubes in the re- 
frigerator overnight. The last dilution showing 
definite clumping of the organisms was taken as 
representing the agglutination titer. 

Results of agglutination tests 

Rheumatoid arthritis. The results of agglu- 
tination tests with sera from cases of rheumatoid 
arthritis are shov.-n in Table I. Included in the 
table, for comparison, are the antistreptolysin 
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titers and sedimentation rates.’- Sixty-nine sera 
from 62 patients were employed in the tests. Of 
these sera, 59 or 84 per cent (representing 82 per 
cent of the patients) caused agglutination of 
Cecil’s “ typical strain ” streptococcus (AB66) in 
a titer of 1 : 160 or higher. With few exceptions, 
agglutination of AB66 was accompanied by agglu- 
tination of the streptococcus from rheumatic 
fever (Q33), and nearly one-fifth of the sera 
gave a higher titer with Q33 than with AB66. A 
total of 60 (87 per cent) sera (representing 85 
per cent of the patients) caused agglutination of 
AB66 or Q33, or both, in a titer of 1 : 160 or 
higher. The trend of the agglutination titers ob- 
tained with the erysipelas and scarlet fever strains 
was generally appreciably lower than the titers 
obtained with the “ typical strain ” or with Q33. 

Six of the sera caused agglutination of the 
strain of Streptococcus viridans used, the highest 
titer obtained being 1 : 80. 


In contrast to the large number of high ag- 
glutination titers obtained in the group of rheuma- 
toid arthritis, are the many negative tests ob- 
tained with the sera of these “ control ” groups. 
When agglutination occurred, the titers obtained 
with Q33 usually ran parallel to the titers ob- 
tained with AB66, and the scattered agglutination 
titers obtained with the other hemolytic strepto- 
cocci were generally appreciably lower. 

It may be noted that included among the con- 
trols are sera from six cases of spondylitis anky- 
lopoietica (of the Marie-Struempell or Bechterew 
type) and from sixteen cases of hypertrophic 
arthritis or arthritis of the sacro-iliac articulations. 
Sera from three cases of spondylitis ankylopoietica 
and from three cases of hypertrophic arthritis 
agglutinated AB66 or 033, or both, in dilutions 
of from 1 ; 160 to 1 : 1280. It is recognized that 
while the joints of the spinal column are some- 
times affected in rheumatoid arthritis, all cases 


TABLE II 


Summary of agglutination of Cecil's “Typical strain" streptococcus {AB66) and of Q33 



Num- ! 

Total 

Number of sera causing agglutination in various dilutions 


ber of 
indi- 
viduals! 

num- 
ber of 
sera 

Nega- 

tive 

1 : 10 

1 :20 

1 :40 

1:80 

1: 160 

1 ;320 

1:640 

1 : 1280 
and over 

Rheumatoid arthritis 

62 

69 

6 

0 

0 

0 

3 

6 

10 

23 

21 

Chronic arthritides other than rheumatoid 
arthritis 

31 

32 

15 

1 

1 

0 

0 

2 

1 

6 

4 

3 

Miscellaneous infectious and non-infectious ortho- 
pedic conditions 

35 

35 

29 

0 

0 

0 

1 

0 

3 

1 

1 

Osteomyelitis 

14 

14 

8 

1 

0 

1 

0 

0 

1 

0 

3 

Miscellaneous medical and surgical conditions. . . . 
Rheumatic fever 

11 

24 

11 

25 

9 

8 

. 0 

0 

1 

0 

0 

2 

1 

1 

0 

2 

0 

4 

0 

5 

0 

3 

0 

0 

Infections by hemolytic streptococci 

5 

7 

1 

0 

0 

0 

0 

0 

2 

4 

N^nrmal pprsnns 

5 

5 

2 

0 

0 

0 

1 

2 

0 

0 












Seventeen of the sera were employed in ag- 
glutination tests with the two strains of staphy- 
lococci. Seven contained no agglutinins for these 
organisms, and ten caused agglutination of one or 
both strains, the titers for Micrococcus deformans 
ranging from 1 : 10 to 1 : 320, and for Staphy- 
lococcus aureus from 1 ; 40 to 1 : 640. 

“ Control" groups. A summary of the results 
of agglutination tests with sera from the various 
disease groups other than rheumatoid arthritis, 
and from normal individuals, appears in Table II. 


1 The sedimentation rate was determined according to 
the technic described by Weiss (17). 


spondylitis ankylopoietica need not have a 
eumatoid basis. Furthermore, while cases of 
2 hypertrophic type are generally of a non 
'ectious origin (idiopathic hypertrophic arthn- 
), it is known that damage to the tissues of a 
nt by a previous infection may occasionally be 

rfrnnhlC 


joint changes. , 

We obtained a somewhat larger percentage o 
high agglutination titers in our series with sera 
from cases of rheumatic fever than has been re 
ported by others. High titers were obtained with 
the various hemolytic streptococci and sera rom 
cases of proven infection by hemolytic streptococci. 
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Of the 129 sera from cases other than rheuma- 
toid artliritis, only 7 caused agglutination of 
Streptococcus viridans. These were : 1 bronchial 
asthma (1 : 10) ; 1 gout (1 : 80) ; 1 chronic osteo- 
myelitis (1:20); 1 rheumatic fever (1:40); 1 
chorea (1 :40) ; 2 proven infections by hemolytic 
streptococci (1:10 and 1:20). 

About half of all the control sera which were 
tested against the two strains of staphylococci 
caused agglutination of one or both of the strains. 
The majoritj’’ of the titers ranged from 1 : 10 to 
1 : 80, although occasionally titers ranging up to 
1 : 1280 were obtained. 

Agglutination by synovial fluid 

Nicholls and Stainsby (2) stated that they per- 
formed agglutination tests with " typical strain ” 
streptococci and sjmovial fluid from three cases 
of chronic infectious arthritis. The agglutination 
titers obtained were 1 : 640, 1 : 2560, and 1 : 5120, 
respectively. 


In our series, forty'-four specimens of synovial 
fluid, from a variety of infectious and non- 
infectious arthropathies, were used in agglutina- 
tion tests. The techm'c was the same as that for 
the sera, except that the final dilutions ranged 
from 1 : 5 to 1 : 160. In the event that agglutina- 
tion occurred throughout the series, a second test 
was run, using dilutions up to 1 : 5120. 

Twenty of the sj-novial fluids were from pa- 
tients who had also furnished blood serum for ag- 
glutination tests. A comparison of the agglutina- 
tion titers of the fluids and their corresponding 
sera is found in Table III. The source of the 
fluids is as follows : rhemnatoid arthritis — 5 ; gon- 
orrheal arthritis — 3 ; hypertrophic arthritis — 3 ; 
chronic sj'novitis — 3 ; tuberculous synovitis — 2 ; 
luetic sjnowtis — 1; miscellaneous conditions of 
joints — 3 . 

The titers of three of the five fluids from rheu- 
matoid arthritis were 1 : 160, 1 : 640, and 1 : 5120, 
respectively. The homologous sera in all three 


TABLE m 

Agglutination by serum and synovial fluid from same patient 


Serial 

num- 

Hemolytic streptoeoed 

Slreptoiouus 

tiridens 

20S 

Staphylococci 

AB66 

Q33 

21 

iliCTOCOCCUS 

dtformens 

! Stapkyiocccais 
1 aureus 



Syno- 


Syno- 


Syno- 


Syno- 


' Syno- 


Syno- 


Serum 

vial 

Serum 

vial 

Serum 

vial 

Serum 

vial 

Serum 

vial 





fluid 


fluid 


fluid 


fluid 


! fluid 


fluid 

is 

1280 

640 

160 

80 

40 

20 


mm 






640 

5120 

320 

640 


40 






40 

40 

91 

160 

160 

320 

80 


5 



9BB 

80 


320 

^E9I 



— 

— 


' 

20 

40 

10 

— 

1280 

80 

w 

B 

B 

— 

— 

B 

— 

— 

— 

80 

— 

320 

80 

67 

640 

B 

640 

160 

B 




20 

_ 

160 

160 

68 

10 


10 

— 






j 

40 





69 

— 


i 

— 

320 







10 






70 

640 

160 

t 640 

160 

40 

— 

— 



20 



1280 

160 

71 

320 

40 

320 

10 


— 

— 

— 

10 

— 

320 

80 

72 

1 



~ 1 



B 

1 

1 

B 

— 

320 

80 

73 

74 

— 

— 

— 

— 


B 


— 

B 

— 

— 

— 

75 

— 

— 

— 

— 


B 

— 

— 

80 

, 

— 

— 

76 

— 

— 






B 


_ 

40 i 

•— 1 



77 

— 

— 

— 

— 


iBB 





80 


■ 

- 

78 


— 

— 

— 

40 

160 

— 

— 

40 


— 

160 

79 

— 

— 

— 

— 

— 

— 

— 

— 



— 

— 

80 


— 

— 

— 

— 

— 

— 

— 

40 

— 





81 

1 - 

— 

— 

— 

— 

— 

— 

— 

SO 


160 

160 


Oiniczl <ii2gnosis 


Rheumatoid arthritis 


Chronic arthritides other 
than rheumatoid arthritis 


Chronic sj'novitis 

Luetic sj-novitis 
|Tuberculous s>-novitb 

Internal derangement semi- 
lunar cartilage 

Prepatella bursa 

Lipoma of knee 
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cases contained agglutinins in significant titer. 
Two synovial fluids and their corresponding sera 
contained no agglutinins for hemolytic strep- 
tococci. 

A total of five of the 44 fluids caused agglutina- 
tion of Cecil’s “ typical strain ” streptococcus. 
Three of these were the fluids from rheumatoid 
arthritis described above ; the other two were from 
cases of hypertrophic arthritis. Scattered agglu- 
tinations of Q33 and of an erysipelas strain oc- 
curred, usually in low titer, although three titers 
of 1 : 160, and one of 1 .* 640 were obtained. 
These titers occurred with fluids from cases of 
gonorrheal arthritis and tuberculous synovitis 
(1: 160) and from one case of hypertrophic ar- 
thritis (1.‘640). Streptococcus viridans was ag- 
glutinated only once — by a dilution of 1 ; 40 of a 
synovial fluid from a case of rheumatoid arthritis ; 
this fluid caused agglutination of no other strep- 
tococcus, but agglutinated Staphylococcus aureus 
in a dilution of 1 ; 80, 

It is interesting to note that 22 of the 44 fluids 
caused agglutination of Staphylococcus aureus. 
The titers of seven fluids were 1 ; 40 or 1:80; the 
titers of fourteen fluids were 1 : 160, and one had 
a titer of 1 : 320. When both fluid and serum 
from the same patient were tested, agglutination 
occurred with both, with few exceptions, and usu- 
ally the titer of the serum was higher than that 
of the fluid. Agglutination of Staphylococcus 
aureus occurred with some synovial fluids from 
all of the disease groups represented. 

Correlation between agglutination titer and cer- 
tain phases of rheumatoid arthritis 

Several attempts have been made to correlate 
the agglutination titer with various features of 
the disease (2, 3, 4, 6), such as its duration, num- 
ber of joints involved, age of the patient, etc. We 
were unable to establish a correlation of the ag- 
glutination titer with any clinical aspects of the 
disease. We also found no correlation of the ag- 
glutination titer with the sedimentation rate, in 
confirmation of the reports of Dawson, Olmstead, 
and Boots (4) and of Keefer, Myers, and Oppel 
(5). 

Comment 

It appears to be reasonable to assume that an 
agglutination titer of 1 : 160 or higher is " signifi- 


cant," or indicative of infection by streptococci. 
This titer was considered to be of significance in 
rheumatoid arthritis by Gray and Gowen (3) and 
by Dawson (4), and their associates, while a sig- 
nificant titer of 1 : 320 was adopted by Nicholls 
and Stainsby (2), and by Cox and Hill (6). A 
titer of 1 160 is much higher than the titers which 
are commonly accepted as being diagnostically sig- 
nificant in such infections as typhoid fever. 
Brucellosis, and typhus fever. 

The fact is well established that sera from the 
majority of patients with rheumatoid arthritis con- 
tain agglutinins in high titer for hemolytic strep- 
tococci, a finding which can hardly be explained 
as entirely fortuitous. Furthermore, sera from 
arthritic conditions other than rheumatoid arthritis 
do not give such consistently high titers, 

Nicholls and Stainsby consider that the agglu- 
tination in high titer of their “ typical strain ’’ 
streptococcus by sera from cases of rheumatoid 
arthritis “ appears to be a true immunological re- 
sponse," and that the results they have reported 
“ lend strong support to the theory that the ‘ typ- 
ical strain ' streptococcus is an important etiologic 
factor ” in this disease, Dawson and his associ- 
ates concluded that, while many of the features 
of the reaction are indicative of a true immuno- 
logical response, the results obtained could be con- 
sidered only as suggestive of an association of 
hemolytic streptococci with rheumatoid arthritis. 
Further suggestive evidence has been adduced, 
they believe, by their comparative study of agglu- 
tination and precipitation reactions, in which a 
close approximation, but not an absolute agree- 
ment ” is obtained in the results of the two tests. 

It appears to be satisfactorily demonstrated that 
beta type streptococci, particularly such organisms 
as Cecil's “ typical strain,” NY5, or Q33, are char- 
acteristically agglutinated by sera from ptients 
with rheumatoid arthritis. Cox and Hill (6) 
found that no other organism which they used had 
as great a serologic specificity for sera from cases 
of atrophic arthritis as did Cecil’s “ typical strain. 
However, they employed only one other strain o 
hemolytic streptococcus (isolated from the stoo 
of a patient with rheumatoid arthritis), and thc> 
discarded another strain (NYS) after a few tests, 
since it always gave parallel agglutinations wit i 
Cecil’s streptococcus, but in a lesser degree. 
felt that definite deductions as to the etiologic 



RHEUMATOID ARTHRITIS 


511 


role of Cecil’s " typical strain ” would be prema- 
ture. Wainwright (7), who used Cecil’s “ typical 
strain ” and NY5, concludes that a positive agglu- 
tination “ does not indicate of necessity a causal 
relationship between hemolytic streptococci and 
rheumatoid arthritis but it does suggest that strep- 
tococci play a role in this disease . . . the fre- 
quency with which it [agglutination] occurs in 
rheumatoid arthritis is the most incriminating evi- 
dence thus far produced against the streptococcus 
in this disease and merits some consideration.” 

The assumption that the reaction is a true im- 
munological response suggests that it can be used 
for diagnostic purposes. Gray and Gowen (3) 
believe that it “ is undoubtedly of considerable 
value in differential diagnosis, particularty in os- 
teoarthritis.” Cox and Hill (6), on the other 
hand, point out that “ ordinarily a laboratoiy pro- 
cedure is unnecessary in establishing a diagnosis 
of arthritis,” and feel, from the results of their 
series of tests, that while the test may be used 
occasionally in doubtful cases and under carefulty 
controlled conditions, it is of doubtful value in 
prognosis or as an isolated laboratory procedure. 

The agglutination reaction with hemolj-tic strep- 
tococci apparently can serve to confirm a clinical 
diagnosis of rheumatoid arthritis, but its use 
hardly seems necessary in the majority of cases, 
where the clinical signs and symptoms render the 
diagnosis quite apparent. However, in border- 
line cases which are difficult of clinical diagnosis, 
the frequency of high titers in rheumatoid arthri- 
tis, and the comparative infrequency of similar 
titers in other types of arthritis, make it possible 
to indicate a probable diagnosis, based upon the 
results of agglutination tests with hemolytic strep- 
tococci, such as Cecil’s " typical strain ” or a strain 
giving closely parallel results. 

.ANTISTREPTOLYSIN TESTS 

In testing sera for their antistreptolysin con- 
tent, Todd (10) titrated against a unit expressed 
in terms of the minimal hemolj’tic dose of strep- 
tolysin. Inasmuch as streptolysin produced by 
hemol 3 ’tic streptococci of human origin is subject 
to reversible oxidation and reduction, and the fil- 
trate is hemoljTic only when in the reduced state, 
the hemolytic power of a given filtrate may not 
remain constant. 


How’ever, it has been demonstrated by Hodge 
and Swift (18) that under certain conditions the 
power of streptolysin to combine with antisera 
remains constant over a considerable period. 
Their method of titrating antisera in terms of the 
" constant combining power ” of streptolysin thus 
assures a reasonable degree of accuracy and obvi- 
ates the necessity of having to resort to repeated 
determinations of the hemolytic titer. 

Technic of antistreptolysin tests 

The streptolysin used throughout the tests was 
prepared from cultures of the scarlet fever strain 
of hemolytic streptococcus, C203, which was used 
in the agglutination tests described above. 

The technic used was that described by Swift 
and Hodge for preparing streptolysin (16), and 
by Hodge and Swift for titrating the minimal 
hemolytic dose and combining power of strepto- 
lysin, and for determining the antistreptotysin 
content of serum in terms of the constant com- 
bining power of streptolysin (18). 

Without going into the details of the technic, 
a few pertinent facts may be recorded. Strep- 
tolysin was reduced in vacuuo for 2 to 3 hours 
with 0.1 per cent of freshly ground sodium hy- 
drosulfite, immediately after the 16 to 17 hour 
“ streptolysin broth ” culture had been filtered 
through a Seitz filter. The reduced streptolysin 
was immediately dispensed in sterile tubes or 
flasks, covered with a thick lay'er of sterile vase- 
line, and stored in the refrigerator. 

Rabbit erythrocytes were used in all of these 
tests, as the red blood cells of other animal species 
have been found to give somewhat inconsistent 
results. 

Streptolysin is “ standardized ” in terms of its 
constant combining pcrwer b}’ determining the 
amount of streptotysin which is just inhibited hy 
one antistreptolysin unit of a previously titrated 
serum of knovra antistreptolysin content. 

Serum is titrated for its antistreptolysin content 
by determining that serum dilution which just in- 
hibits hemolysis of 0.5 cc. of a 5 per cent sus- 
pension of twice washed rabbit eiythrocytes by 
one combining unit of standardized streptolysin 
after incubation at 37° C- for one hour. The 
antistreptotysin titer of a serum is recorded as 
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the reciprocal of that dilution which just prevents 
hemolysis, as described above. 

Standards 

In tests of this type it is obvious that standards 
should be established for the titration of strepto- 
lysin and antistreptolysin, so that the results ob- 
tained in various laboratories may all be recorded 
in similar terms. Only by this means may ade- 
quate comparisons be made of published reports 
from different laboratories. Recognizing this 
fact, Todd (19) has set aside a quantity of serum 
of known antistreptolysin potency, to be used as 
an arbitrary standard in antistreptolysin deter- 
minations. 

The streptolysin of Hodge and Swift was stand- 
ardized “ with a number of sera furnished by 
Dr. Coburn . . . duplicates of these sera had been 
tested by Todd” (18). Through the courtesy 
of Dr. Hodge, samples of serum and of stand- 
ardized streptolysin were obtained, and against 
these our own streptolysin and a few sera were 
standardized in a preliminary series of titrations. 
Recently, Dr. Todd kindly sent us some of his 
standard antistreptolysin serum which was used 
in a series of comparative tests with sera whose 
original titrations refer back to the standards sup- 
plied by Dr. Hodge. Thus checks on our strep- 
tolysin were obtained directly against Todd’s 
standard serum, and indirectly against his stand- 
ard, by means of serum supplied by Dr. Hodge. 

Antistreptolysin titer of normal serum. In or- 
der to evaluate the results of antistreptolysin de- 
terminations, it is essential to know to what extent 
antistreptolysin is present in the serum of normal 
individuals, and to establish a normal value. 

Todd (10), and Coburn and Pauli (11) have 
demonstrated that the maximum antistreptolysin 
titer of the serum of normal individuals is about 
100 units per cubic centimeter. Parallel tests with 
Todd’s serum and with sera which were titrated 
by the method of Hodge and Swift have shown 
that the value which we obtained for normal in- 
dividuals is essentially equivalent to the value ob- 
tained by Todd. It would appear that, for the 
sake of exact comparison with other published 
results, the titers of antisera should be expressed 
in terms of some arbitrary standard, such as is 
represented by the serum which has been made 


available by Todd. Consequently, the titers re- 
corded in this paper are given in terms of Todd’s 
standard serum. Titers above 100 units per cc. 
are considered to be indicative of infection by 
hemolytic streptococci. 


Results of antistreptolysin tests 

Repeated tests have confirmed the assertions of 
Hodge and Swift (18) that the combining power 
of streptolysin remains constant over a consider- 
erable period of time (provided the streptolysin 
has been properly prepared, reduced, and stored 
in the cold), while during the same period the 
hemolytic titer may vary appreciably. Their 
statement has been repeatedly confirmed that the 
antistreptolysin titer of serum remains stable 
when the serum is kept sterile and cold. 

The specificity of the antistreptolysin test (5, 
19) has been amply demonstrated by testing for 
their antistreptolysin content several sera from 
animals immunized to a variety of organisms. 
Practically without exception, the antistreptolysin 
titers of these immune sera were low (averaging 
95 to 45 units or less per cc.). In addition, sev- 
eral human sera possessing high antistreptolysin 
titers were tested for staphylococcal antihemolysin. 
The low, staphylococcal antihemolysin titers which 
were obtained confirms Todd’s assertion that the 
hemolysins of streptococci and staphylococci are 
not serologically related (18). 

Rheumatoid arthritis. Antistreptolysin deter- 
minations were done on 51 sera from 45 patients. 
The titers obtained are recorded in Table IV. 
Eighteen of these sera (representing 15 persons) 
gave titers definitely above the normal range (oyer 
100 units per cc.) and the titers of the remaining 
33 sera were within the normal range (100 units 
or less per cc.). It is interesting to note that, of 
the 18 sera giving high antistreptolysin titers, 17 
also caused agglutination of either AB66 or Q33, 
or both, in significant titers. On the other hand, 
29 sera which gave significant agglutination titers 
with these two streptococci possessed antistrepto 
lysin titers within the normal range. Of five scm 
which gave little or no agglutination with AB 
or Q33, four also possessed normal antistrepto 
lysin titers. 

"Control” groups. Antistreptolysin determi- 
nations were done on 68 sera from 56 cases oticr 
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TADLE IV 

A r.tistreptolysin titers 


Serial number 
of serum 

Units per cc. 

Approximate CQuivaIcnt 
in fraction of cc. 

Proven infections by hemolytic streptococci 



cc. 

1 

95 

0.0105 

2 

285 

0.0035 

3 (1) 

285 

0.0035 

(2) 

437 

0.0023 

4 (1) 

475 

0.0021 

(2) 

952 

0.0010 

5 (1) 

1146 

0.0008 

(2) 

95 

0.0105 

6 

380 

0.0026 

7(1) 

665 

0.0015 

(2) 

571 

0.0017 


Rheumatic fever 

8 

47 

0.0212 

9 

95 

0.0105 

10 

95 

0.0105 

11 

190 

0.0052 

12 

190 

0.0052 

13 

266 

0.0037 

14 

266 

0.0037 

15 

285 

0.0035 

16 

285 

0.0035 

17 

285 

0.0035 

18 

285 

0.0035 

19 

285 

0.0035 

20 

342 

0.0029 

21 

761 

0.0013 

22 

1332 

0.0007 

23 (1) 

285 

0.0035 

(2) 

437 

0.0023 

24(1) 

285 

0.0035 

(2) 

285 

0.0035 

(3) 

190 

0.0052 

25 (1) 

380 

0.0026 

(2) 

475 

0.0021 

(3) 

761 

0.0013 

(4) 

665 

0.0015 

(5) 

475 

0.0021 


Total number of 


sera giving titers 
indicated 

Units per cc. 


Ap^ffoiimate eqnivalent 
in fraclioa of cc. 


5 

13 

15 

1 

9 

1 

1 

4 

1 

1 


Rheumatoid arthritis 

cc. 

<47 0.0350 

47 0.0212 

95 0.0105 

133 0.0075 

190 0.0052 

210 0.0047 

285 0.0035 

380 0.0026 

571 0.0017 

952 0.0010 


Chronic arth 

ritides other 

than rheumatoid arthritis 

3 

47 

0.0212 

8 

95 

0.0105 

1 

114 

0.0087 

1 

190 

0.0052 

Miscellaneous orthopedic conditions 

1 

47 

0.0212 

1 

57 

0.0175 

1 

95 

0.0105 


Osteomyelitis 

1 

47 

0.0212 

1 

95 

0.0105 

1 

195 

0.0051 

3 

285 

0.0035 

1 

380 

0.0035 


Miscellaneous medical and surgical conditions 
4 I 47 I 0.0212 


Normal persons 

47 
95 


0.0212 

0.0105 


than rheumatoid arthritis, representing a variety 
of orthopedic and medical conditions, and normal 
persons. Included in the control groups are 11 
sera from / cases of proven infection by hemolj-tic 
streptococci; 25 sera from 18 cases of rheumatic 
fever ; 23 sera from 22 miscellaneous orthopedic 
conditions (including 7 sera from 7 cases of osteo- 
mvelitis) ; 4 sera from 4 miscellaneous medical 


or surgical conditions ; and 5 sera from 5 healthy 
persons, with no history of preceding infection 
by hemolytic streptococci. The antistreptolysin 
titers of these sera are recorded in Table IV. 

Proven infections by hemolytic streptococci. 
Sera were obtained from five patients with acute 
mastoiditis, one patient with infected varicose ul- 
cer, and one patient convalescing from scarlet 
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the reciprocal of that dilution which just prevents 
hemolysis, as described above. 

Standards 

In tests of this type it is obvious that standards 
should be established for the titration of strepto- 
lysin and antistreptolysin, so that the results ob- 
tained in various laboratories may all be recorded 
in similar terms. Only by this means may ade- 
quate comparisons be made of published reports 
from different laboratories. Recognizing this 
fact, Todd (19) has set aside a quantity of serum 
of known antistreptolysin potency, to be used as 
an arbitrary standard in antistreptolysin deter- 
minations. 

The streptolysin of Hodge and Swift was stand- 
ardized “ with a number of sera furnished by 
Dr. Coburn . . . duplicates of these sera had been 
tested by Todd” (18). Through the courtesy 
of Dr. Hodge, samples of serum and of stand- 
ardized streptolysin were obtained, and against 
these our own streptolysin and a few sera were 
standardized in a preliminary series of titrations. 
Recently, Dr. Todd kindly sent us some of his 
standard antistreptolysin serum which was used 
in a series of comparative tests with sera whose 
original titrations refer back to the standards sup- 
plied by Dr. Hodge. Thus checks on our strep- 
tolysin were obtained directly against Todd’s 
standard serum, and indirectly against his stand- 
ard, by means of serum supplied by Dr. Hodge. 

Antistreptolysin titer of normal serum. In or- 
der to evaluate the results of antistreptolysin de- 
terminations, it is essential to know to what extent 
antistreptolysin is present in the serum of normal 
individuals, and to establish a normal value. 

Todd (10), and Coburn and Pauli (11) have 
demonstrated that the maximum antistreptolysin 
titer of the serum of normal individuals is about 
100 units per cubic centimeter. Parallel tests with 
Todd’s serum and with sera which were titrated 
by the method of Hodge and Swift have shown 
that the value which we obtained for normal in- 
dividuals is essentially equivalent to the value ob- 
tained by Todd. It would appear that, for the 
sake of c.xact comparison with other published 
results, the titers of antisera should be expressed 
in terms of some arbitrary standard, such as is 
represented by the serum which has been made 


available by Todd. Consequently, the titers re- 
corded in this paper are given in terms of Todd’s 
standard serum. Titers above 100 units per cc. 
are considered to be indicative of infection by 
hemolytic streptococci. 

Results of antistreptolysin tests 

Repeated tests have confirmed the assertions of 
Hodge and Swift (18) that the combining power 
of streptolysin remains constant over a consider- 
erable period of time (provided the streptolysin 
has been properly prepared, reduced, and stored 
in the cold), while during the same period the 
hemolytic titer may vary appreciably. Their 
statement has been repeatedly confirmed that the 
antistreptolysin titer of serum remains stable 
when the serum is kept sterile and cold. 

The specificity of the antistreptolysin test (5, 
19) has been amply demonstrated by testing for 
their antistreptolysin content several sera from 
animals immunized to a variety of organisms. 
Practically without exception, the antistreptolysin 
titers of these immune sera were low (averaging 
95 to 45 units or less per cc.). In addition, sev- 
eral human sera possessing high antistreptolysin 
titers were tested for staphylococcal antihemolysin. 
The low, staphylococcal antihemolysin titers which 
were obtained confirms Todd’s assertion that the 
hemolysins of streptococci and staphylococci are 
not serologically related (18). 

Rheumatoid arthritis. Antistreptolysin deter- 
minations were done on 51 sera from 45 patients. 
The titers obtained are recorded in Table IV. 
Eighteen of these sera (representing 15 persons) 
gave titers definitely above the normal range (oyer 
100 units per cc.) and the titers of the remaining 
33 sera were within the normal range (100 units 
or less per cc.). It is interesting to note that, of 
the 18 sera giving high antistreptolysin titers, 17 
also caused agglutination of either AB66 or Q33, 
or both, in significant titers. On the other hand, 
29 sera which gave significant agglutination titers 
with these two streptococci possessed antistrepto- 
lysin titers within the normal range. Of five sera 
which gave little or no agglutination with AB 
or Q33, four also possessed normal antistrepto- 
lysin titers. 

"Control” groups. Antistreptolysin determi- 
nations were done on 68 sera from 56 cases ot le 
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TABLE XV 

A ntislreptolysir. liUrs 


Serial number 
of scram 

Units per cc* 

Approximate eauivaicnt 
in fraction of cc. 

Proven infections by hemolytic streptococci 



cc. 

1 

95 

0.0105 

2 

285 

0.0035 

3 (1) 

285 

0.0035 

(2) 

437 

0.0023 

4 (1) 

475 

0.0021 

(2) 

952 

0.0010 

5 (1) 

1146 

0.0008 

(2) 

95 

0.0105 

6 

380 

0.0026 

7 (1) 

665 

0.0015 

(2) 

571 

0.0017 


Rheumatic fever 

8 

47 

0.0212 

9 

95 

0.0105 

10 

95 

0.0105 

11 

190 

0.0052 

12 

190 

0.0052 

13 

266 

0.0037 

14 

266 

0.0037 

15 

285 

0.0035 

16 

285 

0.0035 

17 

285 

0.0035 

18 

285 

0.0035 

19 

285 

0.0035 

20 

342 

0.0029 

21 

761 

0.0013 

22 

1332 

0.0007 

23 (1) 

285 

0.0035 

(2) 

437 

0.0023 

24(1) 

285 

0.0035 

(2) 

285 

0.0035 

(3) 

190 

0.0052 

25 (1) 

380 

0.0026 

(2) 

475 

0.0021 

(3) 

761 

0.0013 

(4) 

665 

0.0015 

(S) 

475 

0.0021 


Total nmnlytT of 
sera givins titers 
indicated 


Units per cc. 


Approiictate etjnrrale 
in fraction of cc. 


5 

13 

15 

1 

9 

1 

1 

4 

1 

1 


Rheumatoid arthritis 

cc. 

<47 0.0330 

47 0.0212 

95 0.0105 

133 0.0075 

190 0.0052 

210 0.0047 

285 0.0035 

380 0.0026 

571 0.0017 

952 0.0010 


Chronic arthritides other than rheumatoid arthritis 


47 

93 

114 

190 


0.0212 

0.0103 

0.0087 

0.0052 


Miscellaneous orthopedic conditions 


47 

57 

95 


0.0212 

0.0175 

0.0105 


Osteomyelitis 

47 
95 
195 
285 
380 


0.0212 

0.0105 

0.0051 

0.0035 

0.0035 


Miscellaneous medical and surgical conditions 


4 

47 

0.0212 

4 

1 

Normal 

47 

95 

persons 

0.0212 

0.0105 



than rheumatoid arthritis, representing a variety 
of orthopedic and medical conditions, and normal 
persons. Included in the control groups are 11 
sera from / cases of proven infection by hemolytic 
streptococci ; 25 sera from 18 cases of rheumatic 
fever 23 sera from 22 miscellaneous orthopedic 
conditions (including 7 sera from 7 cases of osteo- 
myelitis) ; 4 sera from 4 miscellaneous medical 


or surgical conditions ; and 5 sera from 5 healthy 
persons, with no history of preceding infection 
by hemolytic streptococci. The antistreptolysin 
titers of these sera are recorded in Table IV. 

Proven infections by hemolytic streptococci. 
Sera were obtained from five patients with acute 
mastoiditis, one patient with infected varicose ul- 
cer, and one patient convalesdn'^ from scarlet 
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fever. The first specimens of serum were ob- 
tained from all but one of the patients from one 
and one-half to eight weeks after the onset of in- 
fection, Hemolytic streptococci were isolated in 
every instance. 

It is obvious that the titers obtained are con- 
siderably above the normal range and are confirm- 
atory of the proven infection by hemolytic strep- 
tococci. In one case of mastoiditis, an originally 
high titer of 1146 units (20 days after mastoid- 
ectomy) was followed six months later by a nor- 
mal titer of 95 units, when the patient had clin- 
ically recovered from the infection. The one 
serum from a case of mastoiditis which had a 
normal titer was obtained only four days after 
the onset of infection. 

Rheumatic fever. Twenty-five sera from 18 
patients with rheumatic fever were tested. The 
three sera which gave normal titers ( 100 units per 
cc. or less) were obtained from three patients at a 
time of inactivity of the disease. All three were 
in the hospital because of cardiovascular disease 
which followed an earlier acute rheumatic fever. 
None gave a history of an acute infection of the 
throat prior to the time of the antistreptolysin test. 
The titers of 22 sera from the 15 other patients 
were decidedly higher than normal. All of these 
patients had acute rheumatic fever, and all gave 
histories of acute infections of the upper respira- 
tory ‘tract just prior to the onset of the attack. 
The gradual rise in titer after an attack of acute 
rheumatic fever, and the subsequent fall in titer, 
coincident with clinical improvement are seen in 
three of the cases. 

Miscellaneous other conditions. Of the 32 mis- 
cellaneous sera tested for antistreptolysin, only 
seven gave titers above normal. Two were from 
cases of spondylitis of the Marie-Struempell type. 
The other five were from cases of chronic osteo- 
ntyclitis. The opportunity for secondary infec- 
tion by streptococci in this type of case is obvious. 
The titers of five sera from normal healthy per- 
sons, with no history of immediately preceding 
infection by hemolytic streptococci, were well 
within the normal range. 

COMMENT 

The appearance of antistreptolysin in cases of 
proven hemolytic streptococcus etiolog>’ and in 


such diseases as rheumatic fever, scarlet fever, and 
erysipelas (whose streptococcal etiology is gener- 
ally accepted) seems to follow a recent infection, 
or an acute exacerbation of an older process. Co- 
burn and Pauli (11) have shown that in rheumatic 
fever antistreptolysin rises to a high titer soon 
after the onset of infection or a recrudescence of 
the disease, and drops with a return to the qui- 
escent state. 

The presence of antistreptolysin in titers above 
normal in some cases of rheumatoid arthritis is 
interesting and suggestive, in view of the present 
general tendency to assume some relationship of 
streptococci to this disease. The fact that rheu- 
matoid arthritis is a chronic disease obviously pre- 
cludes the possibility of obtaining a high percent- 
age of antistreptolysin titers above the normal 
range. However, it may be pointed out that, with 
one exception, the sera from cases of rheumatoid 
arthritis which possessed high antistreptolysin 
titers also caused agglutination of hemolytic strep- 
tococci in significant titer. When positive in high 
titer, antistreptolysin determinations may serve as 
additional evidence of the recent association of 
hemolytic streptococci with rheumatoid arthritis. 

SUMMARY 

Agglutinins for hemolytic streptococci in high 
titer were demonstrated in the sera of a ma- 
jority of patients (85 per cent) with rheumatoid 
arthritis. Agglutination of hemolytic streptococci 
in high titer by a large percentage of sera was 
not obtained in other chronic arthritides. 

No correlation was found between the agglU" 
tination titer and the age of the patient, duration 
of the disease, number of joints involved, or sedi- 
mentation rate, in cases of rheumatoid arthritis. 

Antistreptolysin was present in titers above the 
normal range in the sera of patients with proven 
infections by hemolytic streptococci, and with 
acute rheumatic fever. There was a tendency for 
the antistreptolysin titer to return to within the 
normal range some time after convalescence. 

Antistreptolysin in titers definitely above nor- 
mal were found in about one-third of the .sera 
from patients with rheumatoid arthritis, 
one exception, these high titers accompanied lug ’ 
agglutination titers. 

The presence of agglutinins for hemolytic strep- 
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tococci in sera from patients with rheumatoid 
arthritis is suggestive of an association of these 
organisms with this disease. Additional sugges- 
tive evidence may be offered by the presence of 
antistreptol3’sin, when it is found in titers above 
normal. 
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Although the literature contains numerous stud- 
ies of cystinuric cases, further data on the metab- 
olism of various sulfur compounds in the C3'sti- 
nuric individual is desirable, not only for the light 
it may throw on an interesting anomaly' but also 
because the cystinuric may be valuable for the 
investigation of the course of sulfur metabolism 
in the normal individual. Among all the elements 
concerned in animal metabolism, sulfur is unique 
in that it undergoes the largest change of valence, 
the maximum valence change of — 2 to -j- 6 being 
accomplished when hydrogen sulfide is oxidized to 
sulfate, and a change only slightly smaller being 
involved in the normal metabolism of cy'stine. 
Since the magnitude of this change is not paral- 
leled by any other element it hardly seems sur- 
prising that some individuals fail to accomplish 
complete oxidation of ingested sulfur. Indeed 
we might reasonably expect cystinuria to be of 
much more common occurrence than it is. The 
following report deals with the results of adminis- 
tering certain sulfur compounds to a cystinuric. 

EXPERIMENTAL 

The subject, a 14 year old boy, had a history of 
kidney involvement with a right nephrectomy for 
multiple kidney stones at age 12. The surgical 
aspects of the case have been commented on re- 
cently by Herman and Lee (1). The subject is 
Case II in their report. Cystine has been con- 
stantly present in the subject’s urine, quantita- 
tive determinations showing excretion of 0.4 to 
0.5 gram cy'stine per day. However, examination 
of the urines of both parents g^ve negative results. 
At the time of our experiments the subject 
weighed 35 kilos and was othenvise in normal 
physical condition. 

^A preliminary abstract of this paper was presented 
at the Pittsburgh meeting of the American Association 
for the Advancement of Science, December 1934. 

A preliminarj- abstract of the work was published in 
the Proceedings of the Society of Experimental Biology 
and Medicine 1934, 32, 455. 


Total sulfur was determined by the Benedict- 
Denis procedure and total sulfate-sulfur after 
hydrolysis with HQ. In all cases the determina- 
tion was made gravimetrically as BaSO^. Cystine 
was determined bj' the Sullivan colorimetric pro- 
cedure as modified by Brand et al. (2) . 

Table I shows the sulfur distribution in 24-hour 
urine samples of the subject at various periods 
over several months. With the exception of the 
experiments of September 23 and September 24, 
the subject was on normal miscellaneous diet with 
a somewhat higher sulfur intake than would be 
furnished by' the two quarts of milk ingested per 
day’ (and for one day previous) during the experi- 
ment of September 23 and 24. On Jlay’ 24, in- 
gestion of 10 grams sodium bicarbonate daily was 
begun. Although direct cy’stine determinations 
were not made during the April period, they were 
made for some days before May 24 (not recorded 
on the table) and the results indicate that the in- 
gestion of sodium bicarbonate has no effect on the 
degree of sulfur oxidation nor on the cystine out- 
put. In this we are in agreement with the results 
of Lewis and Lough (3) and Robson (4), as op- 
posed to those of Looney, Berglund and Graves 
(5). The lack of effect of either sodium bicar- 
bonate or sodium citrate in decreasing the cy'stine 
output of the cystinuric has been confirmed by’ 
later experiments. During the latter part of 
May, the sodium bicarbonate was replaced by’ an 
equivalent amount of sodium citrate which was 
ingested daily until the September experiments. 
No effect on the cy’stine output or on the sulfur 
distribution was observed. We feel, therefore, 
that the only object to be gained by' the feeding 
of base to the cy’stinuric patient is that of keeping 
the cystine more completely’ in solution and of pre- 
venting formation of calculi. In this, we are 
merely’ increasing the natural tendency’ of cys- 
tinuric urines to be more alkaline than those of 
normal subjects because of the usual restriction 
of protein in the diet and also because of the ex- 
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TABLE I 


Oxidation of sulfur by a cystinuric subject 


Date 

Vol- 

ume 

Nitro- 

gen 

N 

Total 

S 

Sulfate 

S 

Unoxi- 

dized 

S 

Percen- 
tage oxi- 
dation 

Cys- 

tine 

S 

Cystine 
S per 
cent of 
unoxi- 
dized S 

Remarks 



cc. 

grams 

grams 

grains 

grams 

i>er cent 

grams 

per cent 



April 

23 

3400 

7.58 

0.632 

0.357 

0.275 

56.5 




Normal hospital diet 

April 

24 

3700 

7.30 

0.589 

0.370 

0.219 

62.8 




it it II 

' April 

25 

3100 

6.22 

0.614 

0.330 

0.284 

53.8 




II II II 

April 

26 

2670 

6.80 

0.542 

0.356 

0.186 

65.7 




II II II 

April 

27 

1810 

7.02 

0.669 

0.423 

0.246 

63.2 




II II II 

May 

24 

1320 

6.82 

0.604 

0.398 

0.206 

65.9 

0.099 

48.0 

10 p-rams NaHCOa per day 

May 

25 

1760 

6.86 

0.566 

0.332 

0.234 

58.7 

0.134 

57.2 


II II II II 

May 

26 

1300 

7.06 

0.551 

0.314 

0.237 

57.0 

0.107 

45.1 

1 ■> 


May 

27 

1280 

8.02 

0.583 

0.368 

0.215 

63.1 

0.112 

52.1 


5 grams glutamic acid -f 2.SS grams gly- 

May 

28 

780 

5.83 

0.456 

0.269 

0.187 

59.0 

0.087 

46.5 


May 

30 

980 

7.19 

0.533 

0.346 

0.187 

64.9 

0.093 

49.7 


' cine daily in addition to NaHLUj 

May 

31 

1060 

6.90 

0.485 

0.305 

0.180 

62.9 

0.105 

58.3 



' June 

1 

950 

6.69 

0.496 

0.302 

0.194 

60.9 

0.108 

55.7 



September 23 

1245 

6.77 

0.434 

0.225 

0.209 

51.8 

0.100 

47.8 

Milk (2 quarts) + crackers and fruit 

September 24 

800 

7.28 

0.471 

0.274 

0.197 

58.2 

0.080 

40.6 


II II II II II << 

October 

27 

1230 

7.78 

0.679 

0.422 

0.257 

62.2 

0.094 

36.7 

Ever diet (55 grams egg protein) 

October 

28 

740 

8.13 

0.902 

0.607 

0.295 

67.3 

0.078 

26.3 


11 If 11 II U II 

November 

5 

1140 

4.88 

0.528 

0.268 

0.260 

50.7 

0.080 

30.8 

Low protein (30 grams protein) 

November 

6 

960 

4.60 

0.513 

0.257 

0.256 

50.1 


31.5 


II II <1 II II 

September 23 

715 

5.87 

0.684 



82.9 



Normal subject-same age. Milk (2 quarts) 

September 24 

1065 

9.15 



Bly 

83.0 




-f crackers and fruit 


cretion of an appreciable portion of the sulfur 
as cystine instead of as sulfuric acid. The fact 
that in cystinuria one of the principal sources of 
urinary acidity (sulfuric acid) is diminished in 
quantity furnishes, to a partial degree, the alka- 
linity favorable to keeping the cystine in solution. 
If we compare the sulfur oxidation in normal with 
that in cystinuric subjects and calculate the effect 
of this deficiency in sulfuric acid in the cystinuric 
on the primary-secondary phosphate ratio (the 
chief buffer system of normal urine), we find that 
the cystinuric urine should average from 0.4 to 
0.8 pH higher than the normal depending on vari- 
ations in sulfur and phosphate output. The uri- 
nary acidity of the present cystinuric has been 
compared with that of a normal subject of the 
same age and sex, both being on identical diets for 
several days. Complete urine samples collected in 
each case over a period of two and one-half days 
gave average pH values of 6.5 for the normal 
and 7.1 for the cystinuric. 

The solubility curve of cystine with change in 
pH demonstrates the possibility of increasing its 


solubility at higher pH values and makes it diffi- 
cult to evaluate the conclusions of Patch (6) as 
to the lack of efficacy of alkali. In the case of 
our present subject, x-ray examination has indi- 
cated a definite improvement resulting from ad- 
ministration of alkali. It is obvious that if a 
subject has already deposited small calculi or 
“ gravel,” administration of sufficient alkali to 
markedly increase the solubility of the cystine and 
cause it to be excreted in solution will produce 
a temporary rise in the total cystine excretion. 

The suggestion has sometimes been advanced 
that the metabolism of cystine is so bound up 
with the formation of glutathione that administra- 
tion of glycine and glutamic acid might decrease 
C 3 ’^stine excretion. While there is little to support 
such a view we thought it worth while to fee 
these two amino acids in equimolar amounts for a 
period of some days. As indicated in Table I, 
5.0 grams glutamic acid 2.55 grams gl>cinc 
(supplying a total of 0.95 gram nitrogen) 
fed daily for approximately one week. Neither 
during that period nor for some days following 














CYSTINURIA 


519 


was there an}* noticeable effect on the amount of 
cystine excreted. In this, our results are as com- 
pletely negative as those of Robson (4) when 
glutamic acid alone \\'as fed. 

In investigating the metabolism of sulfur com- 
pounds administered by mouth we have also used 
a procedure in which urine collections were made 
by tivo hour periods during the day and for the 
following 12 hour period overnight. The subject, 
having been kept on a nonprotein diet the day be- 
fore the experiment, voided and discarded his 
urine at 6 a.m. Samples were then collected at 
7, 9, and 11 a.m., etc. until 7 p.m. The following 
12 hour period (7 p.m. to 7 a.m.) was also col- 
lected. Since the compound to be studied was in- 
gested at 7 a.m. on the day of the experiment, 24 
hours were allowed for its elimination, a period 
insufficient in most cases, for complete elimination 
of the sulfur. On the day of the experiment no 
food was ingested until the evening meal and 
practically no protein was allowed until the follow- 
ing day. Constant quantities of water were taken 
hourly but in spite of this the bi-hourly output 
often varied considerably. The sulfur compound 
was ingested by mouth in quantity amounting to 
0.40 gram sulfur. 



Fig. 1. Percentage Oxidation of Sulfur Result- 
ing FROM Administration of Various Sulfur Com- 
pounds IN Amounts Equivalent to 0.4 Gram Sulfur. 


I = I-cystine 
II = dl^g-stine 

III = dl-methioniae 

IV = blank 

V = cj-steic acid 

Arrow indicates time of administration of compound 


Since the chief variation in the effects of dif- 
ferent sulfur compounds is to be found in the pro- 
portion of the sulfur oxidized and excreted as 
sulfate, the results of a number of such experi- 
ments are summarized in Figure 1 by plotting 
percentage oxidation against time in hours. The 
percentage oxidation represents the ratio of total 
sulfate sulfur to total sulfur in the urine specimen. 
This percentage is higher in the samples collected 
earlier in the day but as the experiment more 
nearly approaches a fasting basis, this figure in 
blank experiments becomes approximately 30 per 
cent. Under the subject’s normal dietarj' condi- 
tions this percentage is roughly doubled. The 
later rise in the curve is the result of the resump- 
tion of food intake on the sulfur partition in the 
sample collected the following morning. 

In agreement with the classical picture of cys- 
tinuria, the present subject is able to oxidize free 
cystine, administered by mouth, as well as a nor- 
mal individual. This is indicated by the rise in 
the curves for both 1- and dl-cj-stine during the 
early part of the 24 hour period. 

The comparative feeding of 1- and racemic cys- 
tine was prompted by the remarkable results re- 
ported by Loewy and Neuberg (7) who found a 
cystinuric subject capable of oxidizing “ stone cys- 
tine” to sulfate but incapable of so oxidizing 
“protein cystine” (from hair). The suspicion 
that such results might be caused by difference in 
optical configuration (the “ protein <ystine ” hav- 
ing been racemized during preparation) is in- 
creased by the findings of duVigneaud, Craft and 
Loring (8). These investigators obtained, with 
rabbits, a percentage oxidation for d-cystine of 
approximately half the magnitude of that for the 
I-isomer. While it is true that our figures show 
somewhat slower oxidation of racemic cj-stine 
during the first 12 hours, the differences are not 
great and the results, as a whole, more nearly ap- 
proach those of Hele and Pirie (9) on dogs and 
Lawrie (10) on rats. The figures for the excess 
sulfate excreted as a result of cystine ingestion, 
when corrected for the average fasting level, indi- 
cate a somewhat higher recovery of the sulfur for 
1- than for racemic cystine, but here again the 
differences are not highly significant, considering 
the difficulty of assigning a definite value for the 
average fasting level. 
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In the case of the 1-cystine experiment, about 
75 to 80 per cent of the sulfur administered, was 
recovered as sulfate-sulfur in 24 hours, whereas 
the same calculation applied to the experiment 
with racemic cystine indicates a recovery of 60 
to 65 per cent. In neither case was any signifi- 
cant rise in unoxidized sulfur noted. In studying 
the absorption of cystine from dogs with isolated 
intestinal loops, Andrews and Johnston (11) ob- 
tained results indicating slightly more rapid ab- 
sorption of racemic cystine. This, however, by 
no means implies a more rapid or complete meta- 
bolic oxidation. 

Although administration of cysteic acid to the 
cystinuric individual would not be expected to 
produce results different from those of the nor- 
mal, such an experiment appears not to be re- 
corded in the literature and we therefore included 
in Figure 1, the curve of one of several such ex- 
periments, conducted in the same way as described 
above. Since the cysteic acid is not converted to 
sulfate by the organism, the output of sulfate- 
sulfur remains relatively constant while the un- 
oxidized portion increases moderately and the oxi- 
dation percentage drops. In another cysteic acid 
experiment, the percentage of sulfur oxidation 
reached the low level of 17.4 per cent. However, 
the absolute increase in sulfur elimination was in 


all cysteic acid experiments so slight that the sul- 
fur recovery amounted to only 30 to 40 per cent 
of that fed. This is all the more surprising in 
view of the very rapid absorption of cysteic acid 
from intestinal loops of dogs observed by An- 
drews and Johnston (11), but accords with the 
low recoveries of sulfur observed by Schmidt 
and Clark (12) after feeding cysteic acid to dogs. 
Further investigation of the cause of these low 
recoveries of cysteic acid, both in the normal and 
the cystinuric organism is in progress. 

The administration of methionine to the cysti- 
nuric individual presents several features of much 
interest. Not the least of these is the suggestion 
of Brand, Cahill and Harris (13) that cystinuria 
may be essentially a disturbance in methionine 
metabolism as indicated by their finding that the 
output of cystine by a cystinuric individual was 
much increased (nearly doubled) by administra- 
tion of large doses of methionine. The methi- 
onine curve in Figure 1, obtained by feeding an 
amount of methionine equivalent to 0.40 gram 
sulfur, demonstrates that this amino acid is not 
nearly so readily oxidized to sulfate as is cystine. 

In Table II are presented the results of a longer 
experiment in which methionine equivalent to 0.50 
gram sulfur was fed after a preliminary period, 
and twelve hour urine samples were collected for 


TABLE 11 

Administraiion of dl-melhionine 
{Urine samples collected in five 12-hour periods) 


Period 

Volume 

Total 

N 

Total 

S 

Sulfate 

S 

Unoxidized 

S 

Percentage 

oxidation 

Cystine 

S 

Methionine 

S 

a X CC- 
(2 dm.) 


cc. 

grams 

grams 

grams 

grams 


grams 

grams 

decrees 


Cystinuric subject 


I 

640 

4.63 

0.294 

SB 


61.2 

0.058 

0.014 

-115 

■ 

II* 

690 

3.92 

0.453 



53.6 

0.062 

0.084 


III 

350 

4.23 

0.364 


Bum 

68.4 

0.052 

0.020 

— 113 

IV 

490 

3.72 

0.276 

0.152 

BS^I 

55.1 

0.042 

O.Olo 

-135 

V 

710 

4.19 

0.310 

0.173 


55.8 

0.071 

0.017 



I 

II* 

111 

IV 

V 


Normal subject 


350 

5.34 

0.383 


0.056 

85.4 

1160 

6.83 

0.772 


0.139 

82.0 

560 

6.42 

0.457 


0.064 

86.0 

SOO 

6.28 

0.511 

0.440 

0.071 

86.1 

310 

4.10 

0.262 

0.211 

0.051 

80.5 


2.33 grams, dl-methionine (=0.50 gram S) administered at the beginning of Period II. 


0.019 

0.069 

0.028 

0.023 

0.014 


-39 

-116 

-45 

-64 

-43 
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48 hours after its administration. In this case, 
the cystinuric was compared with a normal sub- 
ject of the same age and sex. Both subjects were 
kept on the standard milk-cracker diet used for the 
experiments of September 23 and September 24 
in Table I during the day preceding the first period 
of urine collection as well as during the entire ex- 
periment. The methionine ^Yas administered by 
mouth at the beginning of Period II. 

Examination of Table II shows that here again, 
administration of methionine has little influence 
on the percentage oxidation of the sulfur with 
either subject since it produces proportional in- 
creases in both oxidized and unoxidized fractions. 
The figures for cystine sulfur excreted by the 
cystinuric demonstrate that this increase is not 
to be accounted for by an increased cystine out- 
put. The sharp rise in unoxidized sulfur noted 
in Period II is not accompanied by a significant 
rise in cystine sulfur while the rise in the latter 
in Period V is evidently the result of an increased 
urine volume at that time (see below). One 
striking difference to be noted between the two 
subjects is the promptness with which the normal 
subject excreted the e.xtra sulfur administered as 
contrasted with the slower and somewhat erratic 
excretion by the cj’stinuric patient. 

The methionine administered was the dl-form 
whereas the natural isomer is the 1 form ([ajn = 
— 7.2). On the supposition that the organism 
most readily oxidizes the natural isomer and dis- 
cards all or part of the d-form, we have sought 
to account for the fact that dl-methionine is less 
completely oxidized than cj'stine and gives rise 
to increases in the unoxidized S fraction. For 
this reason methionine was determined directly 
in these urines. 

The figures were obtained by the method of 
Baemstein (14). For each determination a 50 cc. 
sample of the urine was evaporated to dryness 
below the boiling point and the determination was 
made on this dried residue. It was demonstrated 
that methionine, added to the urine before evap- 
oration, could be 94 to 96 per cent recovered. 
Normal urines give a small titration by this 
method, which, expressed in terms of methionine 
sulfur, amounts to about 0.02 to 0.04 gram per 
24 hours. The table shows that both normal and 
cystinuric subjects e.xhibited 4 to 6 fold increases 


in this value during the period immediately fol- 
lowing methionine ingestion. However, the abso- 
lute amount of the increase accounts for not more 
than 10 to 15 per cent of the methiom'ne sulfur 
ingested although it does account for 60 to 70 per 
cent of the increase observed in the unoxidized 
sulfur fraction. The fact that the methionine was 
in the dl form lends some support to the view that 
in these experiments oxidation may be less com- 
plete than would have been the case had the nat- 
urally occurring isomer been admim’stered. 

The last column of the table shows the product 
obtained by multiplying the optical activit}- ob- 
served with D-light in a 2 dm. tube at 25° C. by 
the volume of the sample for that period. The 
resulting figure is therefore an arbitrary' measure 
of the excreb'on of some levorotatory' constituents 
and is obviously higher wdth the cystinuric be- 
cause of the presence of l-cystine. With moder- 
ately constant urinary- volumes, marked increases 
in cy’stine output should be evident in these figures. 
However, the only case in which such an increase 
occurs is in Period II of the normal subject when 
the methionine ingestion was followed by marked 
diuresis. That this increase in the optical figure 
is not due to excretion of cystine or homocystine 
is evidenced by the fact that all samples from the 
normal subject gave negative cyanide-nitroprusside 
tests. In this, we fail to confirm the results of 
Virtue and Lewis (15) and Vars (16) with rab- 
bits and dogs respectively but it should be noted 
that our. dose, per kilo of body weight, is far less 
than that used by them. The possibility of forma- 
tion of homocystine from the methionine in the 
cystinuric is practically excluded by the fact that 
Folin-Marenzi determinations (which respond to 
both cystine and homocystine) have given values 
for cystine which were not appredably higher than 
those obtained by the more specific Sullivan 
method. 

In order to investigate the effect of still larger 
doses of methionine on the cystinuric organism, 
a similar experiment was run on the same subjecl 
over a period of fifteen da 3 'S under carefulh' con- 
trolled dietary conditions. The diet used con- 
tained 300, 50 and lOO grams respective!}' of car- 
bohydrate, protein, and fat daih'. Tweny-four 
hour urine collections were made. After estab- 
lishing this metabolic level for several days, the 
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subject was given a 5.0 gram dose of cystine in 
water suspension. On the 4th, 5th and 6th days 
after cystine ingestion large doses of dl-methionine 
were given. The results are summarized in Table 
III.2 

The results of this experiment confirm our 
previous conclusions : that with the present cysti- 
nuric subject, no very marked increase in cystine 


may therefore conclude that there is no evidence 
of excretion of homocystine. The figures for 
methionine sulfur again show an increase follow- 
ing methionine ingestion although the amount is 
small as compared with the amount of methionine 
ingested. The column showing optical activity 
(Table III) confirms the previous conclusion as 
to the constancy of cystine output. 


TABLE III 

Administration of di-methionine 
{Twenty-four hour urine samples) 


Day 

Volume 

N 

Creatinine 

Total 

S 

Sulfate 

S 

Unoxidized 

S 

Percentage 

oxidation 

Cystine 

S 

Methionine 

S 

a X cc. 

(2 dm.) 


cc. 

grams 

grams 

grams 

grams 

grams 

per cent 

grams 

grams 

degrees 

1 

i 



0.712 

0.236 

0.476 

33.6 


0.038 


2 




0.685 

0.320 

0.365 

46.7 


0.041 

BPI 

3 




0.756 

0.297 

0.459 

39.3 

0.124 

0.039 

BH 

4 


7.71 

0.82 

0.616 

0.362 

0.254 

58.8 

0.135 

0.028 

-360 

5 * 


7.93 

0.76 

1.440 

1.126 

0.314 

78.2 

0.091 

0.022 

-300 

6 

1680 

7.11 

0.58 

0.425 

0.192 

0.233 

45.3 

0.088 

0.021 

-320 

7 

1740 

7.02 

O.Sl 

0.452 

0.236 

0.216 

52.2 

0.090 

0.025 

-320 

8 

1540 

6.58 

0.81 

0.518 

0.267 

0.251 

51.5 

0.087 

0.022 

-400 

9 t 

1490 

7.03 

0.73 

0.824 

0.473 

0.351 

57.4 

0.101 

0.051 

-280 

lot 

1620 

6.92 

0.68 

0.788 

0.461 

0.327 

58.5 

0.102 

0.044 

-260 

m 

2000 

7.51 

0.51 

0.952 

0.645 

0.307 

67.7 

0.108 

0.077 

—460 

12 

2000 

7.16 

0.66 

0.496 

0.238 

0.258 

48.0 

0.111 

0.021 

-440 

13 


7.01 

0.69 

0.576 

0.313 

0.263 

54.3 

0.108 

0.019 

—460 

14 


6.83 

0.52 

0.404 

0.217 

0.187 

53.7 

0.099 

0.023 

-"420 

15 

mgiii 

6.87 

0.80 

0.572 

0.276 

0.296 

48.3 

0.095 

0.020 

-340 


* 5 grams 1-cystine (= 1.333 gram S) administered at the beginning of the 5th day. 
t 2 grams dl-methionine ( = 0.43 gram S) administered at the beginning of both 9th and 10th days, 
i S grams dl-methionine ( = 1.075 gram S) administered at the beginning of the 11th day. 


excretion follows the ingestion of large amounts 
of methionine. It should also be noted that what 
increase in cystine output was observed accom- 
panied the larger urine volumes. We have noted, 
on several other occasions, that diuresis is accom- 
panied by an increased cystine output. The di- 
vergence between our results in this particular and 
those of Brand and coworkers (13), suggests that 
there exists considerable variation between cysti- 
nuric subjects, and points to the desirability of 
experimentation with as wide a range of subjects 
and conditions as possible. The figures for cys- 
tine sulfur were obtained, as before, by the Sul- 
livan method but no appreciable increase was ob- 
tained by the use of the Folin procedure. We 

- We wish to acknowledge the kindness of Dr. Erwin 
Brand of the New York State Psychiatric Institute in 
furnishing the dl-methionine used in this experiment. 
We wish also to acknowledge the assistance of Kathleen 
C. Andrews in controlling the dietary conditions of the 
experiment and in carrying out numerous analyses. 


The percentage recovery of the sulfur is, as 
would be expected, somewhat low. One could 
hardly expect to administer doses of cystine and 
methionine of the size used here without having 
considerable loss in the feces. 

In spite of the constancy of the total nitrogen 
there is obviously considerable variation in the 
creatinine figures, and it is somewhat suggestive 
that the most marked variations date from the 
day on which the large dose of cystine was given. 
The variability of creatinine output in cystinuric 
subjects has been commented on both by Alsberg 
and Folin (17) and by Brand, Harris and Biloon 
(2). These authors ascribe a rise in creatinine 
which they observed to an unusual amount of ex- 
ercise on the part of their subjects and since our 
present subject was leading a normal school H c 
during the experiment with the daily amount o 
exercise varying considerablj' this may account for 
our variations. The e.xtremely coopcrati'vc atti 
tude of the subject as well as the constancy of t ic 
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total nitrogen figures negates any assumption of 
incomplete collections. 

TABLE IV 

Increase in free cyslinc content of cyslinuric ttrines on 
standing 


Free cystine content of sample 


At once 

After 10 days 

After too days 

crcmi 

grams 

grams 

0.034 

0.044 

0.044 

0.023 

0.036 


0.050 '. 

0.072 


0.034 

0.043 

0.044 

0.036 

0.052 


0.030 

0.038 

0.036 

0.056 ‘ 

0.056 

0.041 

0.039 

0.038 

0.037 

0.050 

0.057 

0.061 

0.039 

0.041 



Table IV illustrates an interesting qualitj- ex- 
hibited by some cystinuric urines. Brand, Har- 
ris and Biloon (2) have pointed out that the Sul- 
livan colorimetric method for cj-stine when ap- 
plied to veiy freshly voided cystinuric urines, 
sometimes gives values which are decidedly lower 
than those obtained when the same method is ap- 
plied later to the same samples. Because of the 
well known specificity of the Sullivan procedure 
and its usual failure to respond to cystine com- 
plexes, this increase was explained by assuming 
the excretion of an unstable complex which quickly 
decomposed. The figures recorded in Table IV 
show that in most cases we substantiate these find- 
ings as far as our subject is concerned. It will 
be noted that this increase, when it is observed, 
is maintained on standing for over 3 months (at 
0 and preserved with chloroform). We have 
also noted that cystinuric urines over eight months 
old show practically no further change in cystine 
concentration. The statement made by Magnus- 
Levj’ (18) tliat such urines lose their cystine after 
some months is hard to explain except on the as- 
sumption that slow racemization occurred and that 
the higher solubility of the racemized cystine ad- 
versely affected the precipitation method he used. 

The hypothetical cystine complex is, however, 
far, less stable than the data in Table IV imply. 
We have observ'ed an increase of practically the 
same magnitude after keeping the fresh sample 
for 24 hours at 0° C. The instability of the com- 


p]e.x is further emphasized by the fact that our 
present subject, while giving evidence of its ex- 
cretion, has also formed deposits of practically 
pure cystine. As far as we are aware, no cysti- 
nuric urine on record has ever given a negative 
Sullivan test when freshly voided, and certainly 
such a finding could hardly be expected in any 
subject with even small deposits of free cystine in 
kidney or bladder. 

Further investigation of the chemistry' of this 
complex is highly desirable since some means of 
increasing its stability might have practical bear- 
ing on the treatment of cystinuria; the excretion 
of a soluble complex might avoid the dangers of 
calculus formation. At present, however, w'e 
must admit the possibility that this increase in 
color may be merely' due to the influence of some 
other urinary' constituents on the Sullivan reaction. 

SUMil-VRy 

A case of cystinuria accompanied by calculus 
formation has been investigated with regard to 
the metabolism of various sulfur compounds by 
the subject. 

The cystine output is unchanged by daily ad- 
ministration of alkali (sodium bicarbonate or so- 
dium citrate) over a period of several months. 
Deposition of calculi has, however, cHdently' been 
prevented by this means. 

Administration of equivalent amounts of glycine 
and glutamic add is without effect on the rate of 
cystine excretion. 

Administration of 1-cystine by mouth results in 
practically complete oxidation of the latter; ad- 
ministration of dl-cystine is followed by' sh'ghtly 
less effident oxidation. 

Cystdc add, administered by' mouth causes no 
increase in sulfate excretion. 

Following administration of dl-methionine to 
the cystinuric subject we have observed: (I) Ho 
significant increase in cy'stine excretion, (2) no 
excretion of homocy'stine, (3) definite but very' 
slight excretion of methionine. 

The increase reported by Brand and coworkers 
(2) in the apparent cystine content of these urines 
on standing has also been observed by us. 
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The azotemia which accompanies hypochloremia 
has been ascribed by some to transient renal in- 
sufficiency of a purely functional t3-pe (Haden 
and Guffey (1924), Mellinghoff (1934)) and in 
severe cases to grave anatomical changes in the 
kidnej' (Brown et al. (1923)). Others believe 
that renal function per se is essentially unaffected 
b}- hypochloremia (Blum, Grabar and Van Cau- 
laert (1929fl, b)) and that urea is retained by the 
body in order that the osmotic pressure of the 
body fluids may remain unchanged despite chlo- 
ride loss. Diminished urinaiy excretion of nitro- 
gen and the resulting azotemia are ordinarilj' used 
to measure renal insufficiency with the inherent 
assumption that renal insufficiency produces nitro- 
gen retention primarilj*. Hartmann and Darrow 
(1928) suggest, however, that even in nephritis 
urea may be retained, not primaril}' because of 
reduction in the power of the kidneys to excrete 
urea but secondarily to compensate for the low 
osmotic pressure of the body fluids resulting from 
loss of electrolytes. 

Most patients in whom significant h}'pochlore- 
mia is discovered are suffering also from the other 
effects of vomiting — dehj-dration, diminished food 
intake and oliguria. Nitrogen might therefore 
accumulate in the blood simplj' because of oli- 
guria (Peters (1932), Kerpel-Fronius and Butler 
(1935)) and the increased protein destruction of 
star\'ation and dehj'dration (Peters (1932), 
Meyer (1932), Morawitz and Schloss (1932)). 
The diminished excretion of phenolsulphonphtha- 
lein (Brown et al. (1923)) and of ferments 
(Mellinghoff (1934)) might also, according to 
this view, be produced by marked oliguria with- 
out primary change in the functioning power of 
the kidney per se. 

Conventional urea clearances with brief periods 
of urine collection have not revealed any change 


in renal function during chloride administration 
or deprivation. Leiter (1926) varied salt intake 
and concluded, from functional studies invohdng 
1-hour urine collections, that salt intake had no 
effect on the excretion of urea or phenolsulphon- 
phthalein. Cope (1933) observed in imselected 
cases of renal disease that neither the rapid in- 
gestion of 65 grams of sodium chloride nor re- 
striction to 1 gram per daj' influenced urea clear- 
ance when determined over the usual two succes- 
sive one-hour periods recommended b}' Moller, 
McIntosh and Van Sl^Le (1928). 

On the other hand, a prolonged salt-poor diet 
diminishes the urinaiy- excretion of nonprotein 
nitrogen (Hatcher and Sollmann (1903), Schoen- 
thal (1929) ) and is assodated with a slow rise of 
blood urea nitrogen too frequently to be explained 
as a coinddence. Rigorous salt restriction and 
slight or moderate fluid restriction elevated the 
blood urea nitrogen in 44 of 104 hypertensive 
cases having no previous dim’cal evidence of renal 
insuffidenc}’ (Allen and Sherrill (1922) ). Under 
a similar regime 15 of 33 nephritics and 14 of 33 
diabetics showed a rising blood urea nitrogen. 
Allen and Sherrill state that occasionalh* salt re- 
striction must be made less rigid when blood urea 
nitrogen rises too rapidlj', or too much. McLester 
(1922) in repeating the observations of Allen and 
Sherrill foimd, in 7 of 10 hj-pertensive patients, 
that blood urea nitrogen and creatinine rose dur- 
ing salt restriction. 

The relation bet^-een sodium chloride restric- 
tion and kidnej' function is admittedlj' an ex- 
tremely difficult problem ovring to the manj- fac- 
tors involved. MTiile variations in sodium chlo- 
ride intake have often seemed to affect the renal 
elimination of nitrogen there is considerable con- 
flict in both data and interpretation. It appeared 
that studies carried out by a sb'ghtlv' different 
approach might \-ield additional information con- 
cerning possible changes in renal fimction during 


^ The cost of this investigation was in large part de- 
frayed by the Commonwealth Fund. 
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the administration and restriction of sodium 
chloride. 

The figures of McLester (1922) indicate that 
blood urea nitrogen may rise at the rate of 1 mgm. 
per 100 cc. per day when salt is restricted. Cal- 
culation shows that, if urea be distributed through 
70 per cent of body weight, to increase the con- 
centration of urea nitrogen by 1 mgm. per 100 
cc. per day in a 70 kilo man would require the 
retention of 500 mgm. of urea nitrogen and a 
decrease of 24-hour excretion from a normal of 
10 grams to 9.5 grams per day. If protein intake 
and metabolism remain constant, retention of urea 
nitrogen at this rate would indicate that urea 
clearance had been diminished by 5 per cent, e.g. 
from 100 to 95 per cent of normal. Urea nitro- 
gen would be eliminated once more at the rate of 
10 grams per day when the blood urea nitrogen 
became high enough to compensate for the re- 
duced clearance. Such small changes in renal 
function will be difficult to detect by direct studies 
of urea clearance, though the cumulative effect of 
slightly decreased urea clearance might well pro- 
duce in the course of days a significant rise in 
the concentration of blood urea nitrogen. 

It is doubtful whether any practicable number 
of 2-hour urea clearances would reveal changes 
in renal function amounting even to 10 or 15 per 
cent because, as usually determined, urea clear- 
ance varies widely in the same individual. Bruger 
and Mosenthal (1932) state that urea clearance 
may vary as much as 100 per cent from hour to 
hour or from day to day in the same individual. 
This variability lessens as renal function dimin- 
ishes in the course of disease, but successive de- 
terminations still show but little constancy. Thus 
Page (1934) records for single patients urea 
clearances which vary as much as 50 per cent 
even when two 1-hour clearances are averaged. 
When the clearances during single 1-hour periods 
are compared the variation is greater. Van Slyke, 
Alving and Rose (1932) report urea clearances 
ranging on the same day from 3.4 to 12.2 per cent 
of normal in a patient with terminal hemorrhagic 
nephritis. 

It seemed possible that routine urea clearance 
determinations (Cope) and “ urea concentration 
indices” (McLean) failed to reveal changes in 
renal function during salt deprivation because 


spontaneous variations in renal function over 
brief periods were far greater than the relatively 
small changes that were to be measured. There- 
fore, in the studies described in this paper urea 
clearances were determined in 2 normal subjects 
during short (1-hour) and long (24-hour) pe- 
riods of urine collection. Having found that pro- 
longing the period of urine collection diminished 
to a certain extent the variability of the urea 
clearance figures, the method was applied to the 
study of changes in renal function during salt 
deprivation in three cases of renal insufficiency, 
one with hypochloremia and marked azotemia, 
two with normal plasma chlorides and trifling ele- 
vations of blood urea nitrogen. 

While the observed changes in 24-hour urea 
clearance were small, the direction of change was 
similar in all 3 patients, the blood urea nitrogen 
tending to rise, the urea clearance tending to fail 
when the intake of sodium chloride was dimin- 
ished. The observations are described not as con- 
clusive evidence but as findings which suggest 
that this method of study applied to other cases 
with conspicuous hypochloremia may aid in recon- 
ciling certain divergent views now expressed in 
the literature. 

METHODS 

The patients were placed under special and con- 
tinuous nursing care with rigid supervision of 
food and fluid intake. Each article of diet was 
weighed accurately and the amount returned was 
recorded, so that the dietary figures represent the 
amount actually eaten. Sodium chloride, when 
administered, was dissolved in the drinking water. 
Urine was collected with scrupulous care over 
periods of 12 or 24 hours from 8 :00 to 8 :00, any 
deviation being recorded to the nearest minute. 
If a urine specimen was contaminated by feces 
the whole 12- or 24-hour collection was discarded. 
Blood samples were taken before breakfast to ob 
tain fasting concentrations. The urea nitrogen^ m 
blood plasma was determined by the method of ^ nn 
Slyke and Cullen (1914). Urinary urea nitrogen 
was determined by the same method after am 
monia had been removed with permutit. Eisen 
man’s (1929) modification of the Van Slyke and 
Sendroy method was used for the estimation o^ 
chloride in plasma and urine. On determining 
plasma chlorides a mixture of 95 per cent o.xygen 
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and 5 per cent carbon dioxide was passed through 
whole blood slowly under oil for about 20 min- 
utes before the plasma was separated. Creatinine 
in pl.asma and urine was determined by the method 
of Folin as used by Holten and Rehberg (1931). 
In order to keep the concentration of creatinine 
sufficiently high for color comparison it was oc- 
casionally neccssaiy to dilute the plasma only five 
times instead of the usual ten. 

The specific gravity of urine was determined 
by means of a pyknometer containing 25 cc. 
The total protein of urine was estimated by the 
gravimetric method of Folin and Denis (1914). 
The precipitated urinary proteins were dried over- 
night in an oven at 105° C. before weighing. 

The range of variations in 1-hoiir and 24-hour 
urea clearances in two normal subjects 

It was the purpose of these preliminary ob- 
servations to determine whether urea clearances 
determined over periods of 24 hours were sig- 
nificantly more constant than urea clearances- de- 
termined over the conventional 1-hour periods. 

The urine of 2 normal subjects rvas collected 
in 24-hour periods extending approximately from 
8 a.m. of one day to 8 a.m. of the day following. 
The exact duration of each period was recorded 


to the nearest minute. No attempt was made to 
modify or control diet, fluid intake, environmental 
temperature or activity.- Each completed speci- 
men of urine -was well mixed and its volume and 
urea nitrogen content were recorded. Venous 
blood samples for determining plasma urea nitro- 
gen were collected twice daily, before breakfast 
and after the evening meal. 

The results of these observations are shown in 
Table I. The urea clearances for the 24-hour 
periods were calculated as per cent of normal ac- 
cording to the equations of Mdller, McIntosh and 
Van Slyke (1928). In these studies on normal 
subjects the average rate of urine formation was 
always below 2.0 cc. per minute so that the cal- 
culated 24-hour urea clearances were all "stand- 
ard clearances." 

The calculation of such 24-hour urea clearances 
introduces no objections which cannot be raised 
against 2-hour clearances ; the difference being one 
of degree alone. The Van Slyke corrections for 
" maximal ” and " standard ” clearances were 
used since the effect of diuresis per se on the 
effidency of urea excretion -was thus eliminated 
as far as possible. It may be mentioned that neg- 
lecting this correction and calculating urea clear- 
ances simply in terms of “cc. per minute" (i.e. 


TAHLE I 


Urea clearances over Z4-lwur periods 


24-hour 

periods 

i 

Plasma urea nitrogen 

1-^— 

1 Urine 

Urea 

nitrogen 

elimination 

i 

24-hour area clearance 

Fasting | 

1 

After 

evening meal 

Rate of 
formation 

Urea 1 

nitrogen 

Using average 
pla.sma urea 
nitrogen 

Using fasting 
plasma urea 
nitrogen onl/ 


mgm. per uni 

mgm. per uni | 

u. per minute 

mgm, per uni 

grams per hofun , 

per unt normal 

per cent normal 


A. Subject K. E., 7 days. 


1 



.99 

704 

lO.O 

98 

108 

2 



.72 

902 

9.4 

105 

112 

3 



.79 

761 

8.7 

91 

95 

4 



.69 

887 

8.8 

103 

114 

5 

11.4 ' 


1.20 

476 

8.2 

90 

85 

6 

10.0 


.83 

762 

9.1 

119 

128 

7 

10.0 


.75 

792 

8.6 1 

1 

102 

127 


B. Subject E. M. L., 5 days. 


1 

10.4 

12.2 

.63 

867 


112 


2 

10.3 

13.5 

.85 

846 


I2I 


o 

11.8 

14.8 

.78 

1174 


144 


\ 


17.1 

1.02 

893 


114 


5 

15.0 

15.0 

1.03 

887 

13.2 

111 

in 
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analogous to maximal clearance) led to the same 
conclusion as the calculations of “ standard ” 
clearance. It is recognized also that if absolute 
urea clearances were to be determined many blood 
samples should be taken during each 24-hour 
period. For comparative studies in individual pa- 
tients it seemed advisable to take fewer blood 
samples and to multiply the number of periods, 
since it is manifestly impossible to perform veni- 
punctures at intervals of 1 or 2 hours day after 
day. 

No correction was made for surface area since 
variations in given subjects were being studied. 


when determined over 1-hour periods in the same 
subject. The latter figures were obtained in the 
course of studies on the effect of environmental 
temperature on urea clearance but are quite com- 
parable to the 24-hour clearances in which en- 
vironmental temperature also varied considerably. 
The conventional technique was followed; urine 
was collected over two successive 1-hour periods 
with a blood sample at the end of the first hour. 
In addition breakfast was omitted. In half the 
determinations the subject was semirecumbent, in 
the other half he was walking about the room. 

The average values recorded in the first column 


TABLE 11 

Comparison of variation of 24-hour and 1-hour urea clearances 



Average 

Highest 

Lowest 

Maximum variation 
from average 


per cent normal 

per cent normal 

per cent normal 

per cent 


A. Subject K. E. 


Calculations based on 7 24-hour periods 

(a) from average plasma urea nitrogen 

101 

119 

90 

-t-18, -11 (29) 
-1-16,-23 (39) 

(b) from fasting plasma urea nitrogen 

110 

128 

85 

Calculations based on 8 1-hour periods 

87 

106 

63 

-f22, -28 (SO) 




B. Subject E. M. L. 


Calculations based on 5 24-hour periods 

(a) from average plasma urea nitrogen 

120 

144 

111 

-f-20, - 8 (28) 

-1-21, -18 (39) 

(b) from fasting plasma urea nitrogen 

135 

163 

111 

Calculations based on 12 1-hour periods 

110 

178 

80 

-1-62, -27 (89) 





absolute values being of secondary interest. The 
clearances were, however, calculated in two ways 
— (a) using the average of night and morning 
plasma urea nitrogen and (b) using fasting plasma 
urea nitrogen only. Except for one day in each 
subject the plasma urea nitrogen was higher in the 
evening than in the morning. Therefore the ab- 
solute figures for 24-hour urea clearances were 
lower when calculations were based on both morn- 
ing and evening plasma urea nitrogen than when 
calculations were based on fasting plasma urea 
nitrogen alone. On successive days there was no 
consistent relation between changes in 24-hour 
urea clearance and total urea nitrogen output. 

Table II compares the variation in urea clear- 
ance when determined over 24-hour periods and 


of Table II all fell within the limits of normal. 
For each subject the average 24-hour clearance 
was higher than the average 1-hour clearance, 
this difference is, however, of little signifiMnee 
since the two series were not carried out simul- 
taneously. Attention is called particularly to t c 
lessened variability of urea clearance figures w icn 
urine is collected over longer periods. T\\enty 
four hour urine collections with a single (fasting! 
blood urea nitrogen yielded urea clearances rv ose 
total variation was rather less (39 per cent com 
pared to SO and 89 per cent) than that of the con- 
ventional urea clearance. 

To detect possible small changes in urea clear- 
ance it seemed advisable therefore to vse 12- or 
24-hour urine specimens (a) because normal varia 
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tion is slightly less and (b) because the continuous 
collection of urine gives a more complete average 
picture of urea elimination than would isolated 
samples of urine collected over briefer periods. 
The absolute urea clearance figures obtained by 
these longer periods of urine collection cannot at 
present be compared directly with the average 
normal established by Moller, McIntosh and Van 
Slyke (1928) who used shorter periods of collec- 
tion. This limitation, however, does not invali- 
date the use of this method for detecting changes 
in urea excretion by a given indi\'idual under 
different regimes. 

Sodium chloride adminislralioti and 24-hour urea 
clearance in patients with renal insufficiency 

Case 1, A. P., female aged 43, married, -n-as admitted 
to the hospital first on ifay 23, 1934, primarily for 
arthritic symptoms. In the course of study hypertension 
(180 sj-stolic, 100 diastolic) and retinal sclerosis were 
discovered. The blood urea nitrogen was 103 mgra. per 
100 cc, and routine urine e.xaminations showed abundant 
albumin, low specific gravity, few or no casts and many 
red cells. A concentration test and cast count performed 
when the blood urea nitrogen was lower yielded the fol- 
lowing results; 

Restriction of fluid for 24 hours (Addis) elevated the 
specific gravity of the urine to only 1.010. The 12-hour 
volume was 450 cc., the reaction acid. Cast excretion 
totalled 24,000 per 12 hours with 30 per cent each of 
hyaline, granular and epithelial casts and 10 per cent of 
failure casts. Erythrocyte excretion was 15.0 million per 
12 hours, leukocj-te and epithelial cell e-xcretion 1.0 mil- 
lion per 12 hours. The plasma protein percentage was 
normal and proteinuria amounted to 0.56 gram per 12 


hours. Phenolsulphonphthalein elimination was 7 per 
cent in the first hour and less than 5 per cent in the 
second hour. Several 2-hour urea clearances indicated 
from 3 to 12 per cent of normal function. Chloride 
elimination (reported in terms of NaCl) was 238 grams 
per day; the plasma contained 102 milliequivalents of 
chloride per liter. 

Under a regime of moderatelj- increased fluid intaJre 
and low protein diet wdth salt ad lib^ the plasma urea 
nitrogen fell to 50.9 mgm. per 100 ca and remained almost 
stationary. From June 4 to 10 (Table III) sodium 
chloride was administered in dosage of 10 grams per 
day while creatinine and urea clearances were followed 
in a preliminary way. The rate of urine formation 
varied between 1.01 and 1.77 cc. per minute; blood urea 
m'trogen fell from 50.9 to 34,6 mgm, per 100 cc., the 24- 
hour urea clearance changing simultaneously from 4.7 to 
8.3 per cent of normal. Chloride excretion was con- 
spicuously below chloride intake during the first few days 
but rose finally to 15.8 grams on the seventh day of salt 
administration. The plasma chloride level was not ap- 
preciably altered. 

During the next 6 days no sodium chloride was given 
except that contained in the diet Chloride elimination, 
plasma chloride concentration and the 24-hour urea clear- 
ance diminished. Urea clearance fell from over 7.0 to 
3.0 per cent of normal while plasma urea nitrogen simul- 
taneously rose from 34.6 to 40.1 mgm. per 100 cc. The 
concentration of creatinine in plasma was high enough 
(6.95 mgm. per 100 cc.) to allow determining reasonably 
accurate creatinine clearances. The average creatinine 
clearance during sodium chloride admmistration was 10.1 
cc, per minute. When salt was not added to the diet 
the creatinine clearance averaged 7.3 cc. per mhiute. 
Plasma creatinine fell from 6.95 to 6.1 mgm. per 100 cc. 
during sodium chloride administration, rising to 7.3 mgm, 
per 100 cc. when dietary salt alone was given. The pa- 
tient was discharged with a blood urea nitrogen of 38 
mgm, per 100 cc. and was advised to follow a regime of 


TABLE lU 


Case 1. Effect of sodium chloride administration on urea and creatinine clearances vtilh only partially corUrolled diel arA 

moderate fluid intake 


I>ale 

NaCi 
added 
to diet 

Chloride 
excretion 
(as Nad) 

Plasma 

chloride 

Plasma 

area 

nitrogen 

Plasma 

creatiizlne 

Urine 
forma tioa 

24-hot2r 

crea 

dearance 

24-I:ot;r 

creatinhte 

dcarance 


trams per 

Si hours 

troms per 

Si hours 

per liter 

rngm. per uKt 

rngm per emS 

cc, per minute 

per cent normtsi 

cc. per minute 

June 4 

10 







5. . . . 

10 


106.1 

50.9 

6.95 




6. . . . 

10 

7.9 




1.16 

4.7 


7 

8.... 

10 

8.3 

106.1 

42.4 

63 

1.18 

5.6 

10.4 

10 

10.0 




130 

7.2 

11.1 

9. . . . 

10 

11.5 

106.6 

38.0 

6.1 

139 

7.8 

10.7 

10. . . , 
11. ... 
12 

13.. .. 

14.. .. 

15.. .. 

16. . .. 

10 

123 




1.48 

6.7 

6.4 

0 

15.8 

107.1 

34.6 

6.1 

1.77 

83 

11.9 

0 

II.7 

101.8 

36.8 

6.6 

1.42 

7,7 

73 

0 

9.0 




1.22 

5.4 

83 

0 

7.0 




1.08 

5.7 

5.0 

0 

5.6 




l.OI 

5.7 

S3 

0 

7.9 

96.4 

40.1 

73 

133 

3.0 

7-5 











530 


EUGENE M. LANDIS, K. A. ELSOM, P. A. BOTT AND E. SHIELS 


low protein diet and high fluid intake, adding salt freely to 
food during and after preparation. 

Five months later the patient was again referred to the 
hospital on account of anorexia, nausea and slight weak- 
ness; she had not vomited and was ambulatory. On ad- 
mission to the Renal Ward, plasma urea nitrogen was 
161 mgm. per 100 cc., plasma chloride 94 m.eq. per liter, 
plasma creatinine 7.2 mgm. per 100 cc. and serum phos- 
phates 7.3 mgm. per 100 cc. The results of clinical tests 
of renal function were essentially similar to those obtained 
during the previous admission. The patient was then 
submitted to rigidly controlled study as described under 
“ Methods.” The diet provided 2100 calories per day 
with O.S gram of protein per kilo. Fluid intake was kept 
rigidly at 4500 cc. per day, of which 3090 cc. consisted of 
0.45 NaCl solution, so that 13.9 grams of salt were added 
daily to a diet which was of itself salt-poor, offering less 
than 1.0 gram of NaCl per day. 


Figure 1 shows the plasma urea nitrogen (cir- 
cles), plasma chlorides (crosses) and 24-hour urea 
clearances (dots) over a period of 53 days during 
which fluid intake was kept constant while dietary 
protein and salt were varied independently. To 
detect possible diurnal variations the urea clear- 
ances were computed for two 12-hour periods 
daily by means of the usual equations for “ stand- 
ard ” and “ maximal ” clearances. Each dot rep- 
resents, therefore, the average of one day and 
one night urea clearance. In the lower part of 
Figure 1, to make comparison easier, the rates of 
urine formation and urea clearances are shown 
also by shaded areas which represent average val- 
ues over periods of 3 to 6 days. The urea clear- 



Fig. 1. Case 1. Showing Effects of Administering and Restricting Sodium Chloride 
IN A Patient with Advanced Renal Insuffictencv. 

a. Periods 1 to 4 — low protein, high salt intake. 

b. Periods 5 and 6 — increased protein, high salt intake. 

c. Periods 7 and 8 — similar to a. 

d. Period 9 — low protein intake with salt restriction. 
r Periods 10 to 12 — simitar to a and C. 
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anccs are expressed (a) in terms of cc. of blood 
cleared per minute (horizontal shading) and (b) 
in terms of per cent of normal (solid) using the 
Van Slyke equations. 

The clinical course of this patient can be de- 
scribed best according to regime: 

(a) Lozu protein, high salt intake (^Periods 1 to 4, 

duration 19 days) 

Although 37 grams of protein were offered in 
the daily diet, anorexia restricted the amount taken 
during the first 2 days so that in Period 1 the pro- 
tein intake was only 28.1 grams per day. There- 
after the diet was taken almost completely as of- 
fered. Fluid intake was 4500 cc. per day from 
the start, but the urinary' output during Period 1 
(3 days) -was only slightly above 2.0 cc. per min- 
ute. During this interval weight increased from 
163 to 166 pounds and considerable chloride was 
retained as shown by the difference between the 
intake and excretion of chloride. After chloride 
balance was attained the rate of urine formation 
exceeded 2.5 cc. per minute and weight increased 
more slowly, reaching 167 pounds by the thir- 
teenth day. 

The plasma chlorides rose from 94 to 100 m.eq. 
per liter, plasma urea nitrogen fell from 154 to 
32.8 mgm. per 100 cc., plasma creatinine from 72 
to 5.0 mgm. per 100 cc., and senun phosphates 
from 7.3 to 4.9 mgm. per 100 cc. The 24-hour 
urea clearance rose abruptly during the first 5 
days from 4.5 to 7 per cent of normal, averaging 
for the next 14 days 7.3 per cent of normal. 

(6) Increased protein, high salt intake (^Periods 
5 and 6, duration 8 days) 

The protein intake was increased from 0.5 to 

1.0 gram per kilo and the salt intake was slightly 
increased while all other things were kept con- 
stant. The blood urea nitrogen, previous!}' falling 
slowly but consistently, rose from 32.8 to 54.5 
mgm. per 100 cc., plasma creatinme from 5.0 to 
5.5 mgm. per 100 cc., and plasma phosphate from 

5.0 to 6.9 mgm. per 100 cc. The urea clearances 
for these two 4-day periods (Numbers 5 and 6) 
were the highest observed in this patient. 

Protein intake was thus increased in order to 
be certain (1) that the blood urea nitrogen was 
not falling merely because of high fluid intake 


and (2) that the patient’s inability to excrete ni- 
trogen was demonstrable not only by a low urea 
clearance but also by a rising blood urea nitrogen 
on a liberal intake of salt mth a diet which nor- 
mally produces no azotemia. 

(f) Repetition of loza protein, high salt intake 
{Periods 7 and 8, duratimi 8 days) 

Haring ascertained that the patient could not 
excrete all the m’trogen arising from a protein 
intake of I gram per kilo daily, the dietary pro- 
tein was reduced to the initial value of 0.5 gram 
per kilo, with 13.9 grams of salt per day. 

The plasma urea nitrogen fell from 54.5 to 
38.3 mgm. per 100 cc., and the 24-hour urea clear- 
ances again varied between 6 and 7 per cent of 
average normal. 

(d) Lozv protein, low salt intake {Period 9, dura- 
tion 4 days) 

In this period no additional sodium chloride 
was administered. Activity, salt-poor diet and 
fluid intake were not changed. The plasma chlo- 
rides fell rapidly from 100 to 76 m.eq. per liter. 
Abundant chloride excretion continued, however, 
and weight decreased by 4 pounds in 3 days. The 
plasma urea nitrogen, which had preiiuously been 
falling consistently, rose from 38.3 to 41.5 mgm. 
per 100 cc. Weakness, dizziness, anorexia and 
muscular stiffness developed on the third day. 
This was followed by nocturnal cramps in the calf 
muscles, generalized muscular stiffness on waking 
the next day, nausea, vomiting (only once) and 
some reluctance to take fluids and food. The 
anorexia is reflected in the lower protein intake 
during period 9. 

On the last day of this period the total intake 
of fluid was 2500 cc. — the only instance in which 
fluid intake varied from 4500 cc. per 24 hours. 
Any changes in renal ftmetion cannot therefore 
be ascribed to dehydration in the ordinary sense 
of the word, nor to oliguria since the urinary out- 
put averaged more than 3000 cc. per 24 hours. 
Urea clearance, which had preriously been drop- 
ping very slowly from the level attained during 
the period of increased protein intake, changed 
very little until the latter part of the period of 
restricted salt intake when the clearance dropped 
to a minimum figure of 4.3 per cent (see Table 
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TABLE IV 


Case 1. Effect of sodium chloride restriction on urea and creatinine clearances with controlled salt-poor diet and high fluid intake 


Date 

NaCl 
added to 
diet 

Chloride 
excretion 
(as NaCl) 

Plasma 

chloride 

Plasma 

urea 

nitrogen 

Plasma 

creatinine 

Rate of 
urine 
formation 

12-hour 

urea 

clearance 

12-hour 

creatinine 

clearance 

December 4 

grains per 
hours 

13.9 

grams per 
hours 

14.0 

m.eg. per tiler 

101 

mgm. per cent 

40.0 

mgm. per cent 

5.5 

cc. Per minute 

2.38 

3.04* 

per cent normal 

6.3 

7.1* 

cc. per minute 

10.4 

5 

0 

12.1 




2.74 

2.63 

7.3 

6.7 

10.6 

7.8* 

6 

0 

9.2 

91 

38.3 

5.5 

2.64 

2.58 

6.8 

6.6 

7.9 

7.8 

7 

0 

9.1 




2.63 

3.06 

6.4 

7.2 

■1 

8 

0 

3.4 

81 

39.4 

5.8 

1.76 

1.83 

5.9 

4.3 

7.3 

6.2 

9 

14.6 

3.9 

' 76 

' 41.2 

1 

4.4 

1.62 

2.30 

4.9 

5.9 

8.4 

10.5 

10 

13.9 

wm 

84 

41.5 

4.3 

1.83 

2.60 

5.1 

6.5 

9.6 

12.0 

11 

13.9 

8.5 

I 



2.20 

2.88 

6.2 

7.4 

10.5 

11.7 

12 

13.9 

9.8 

96 

37.6 

4.5 

1 

2.80 

2.44 

6.7 

6.4 

10.9 

9.9 

13 

13.9 

10.1 

1 

1 



2.69 

2.55 

6.4 

6.6 


14 

13.9 

10.8 

105 

33.0 

4.2 

2.66 

2.44 

6.8 

7.3 

11.1 

10.2 

IS 

13.9 

12.1 




2.92 

2.54 

7.1 

6.4 

10.0 

9.7 

16 

13.9 

14.0 




3.06 

2.81 

w^m 

10.2 

9.8 

17 

13.9 

11.6 

101 

31.8 

4.5 

2.64 

2.44 

5.6 

5.8 

9.6 

7.9 

18 

13.9 

15.3 




3.15 

2.80 


9.9 

9.1 

19 

13.9 

13.0 

103 

32.8 

4.0 

2.96 

2.47 

■■ 

10.1 

9.3 


* Lower figure of each pair applies to period from 8 p.m. to 8 a.m., upper to period from 8 a.m. to 8 P-W, 


IV) for 12 hours, and an average of 5.1 per cent 
for 24 hours. This figure was lower than any ob- 
served during the 30 days immediately preceding 
Period 9 when sodium chloride was supplied 
freely. 

It may be objected that the change in urea 
clearance appeared too late to be related to the 
restriction of sodium chloride. The patient lost 4 
ixmnds of weight during Period 9, chloride excre- 
tion remaining above 9 grams per day until the 


t day when it reached 3.4 grams per day. 
ction of body fluids would free sodium ^ 

• excretion, the effects of lack of sodium c 
e appearing only when this compensation vn ' 
lausted. This lag of several days in the excre- 
y manifestations of sodium chloride w 
Lwal and administration has already been no c 
owntree and Fitz (1913), Vallcry Kjiclot 
)18), Leiter (1926) ). In Case 1 the urea clca 
:e reached its earlier level of 6 to 7 per c 
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only after 40 grams of salt had been given, this 
lag tending to make the average changes in urea 
clearances over 4 to 5 days (shaded areas, Figure 
1) considerably less informative than the changes 
in consecutive 24-hour urea clearances. 

(e) Restttticd I(kv protein, high salt intake {Pe- 
riods 10 to 12, duration 13 days) 

Without other change of regime sodium chlo- 
ride was again administered in the dosage of 13.9 
grams per day. The symptoms of hj'pochloremia 
disappeared within 3 days. Appetite returned, 
fluids were taken easily and muscular stiffness dis- 
appeared. Chloride was retained and body weight 
increased from 162 to 166 pounds in 4 days. The 
plasma chlorides returned to normal, the blood 
urea nitrogen ceased rising and fell gradually to 
32 mgm. per 100 cc. The urea clearance, both 
in 24-hour periods and in the averages of 4 days 
(Period 10), was low while plasma chloride was 
still below normal. During the last 9 days (Pe- 
riods 11 and 12) the urea clearance was once more 
beriveen 6 and 7 per cent. 

Chief interest attaches to the changes induced 
by restricting chloride intake in Period 9. Hypo- 
chloremia developed with surprising rapidity, and 
the symptoms produced were relieved equally rap- 
idly as soon as sodium chloride was again admin- 
istered. The S3-mptoms resemble those produced 
by loss of sodium chloride (Moss (1923), Talbott 
and Michelsen (1933), Derrick (1934)). Blood 
pressure varied between 140/80 and 180/110, but 
no systematic relationship to salt administration 
could be detected. The patient was ambulatory' 
throughout, except for the first 2 days of Period 
1 and for several days in Periods 9 and 10, when 
weakness, dizziness and mental depression led to 
inactirity. On both occasions symptomatic im- 
provement followed the administration of sodium 
chloride. 

In this patient restriction of sodium chloride 
produced some of the effects stated to be char- 
acteristic of Addison’s disease (Harrop et al. 
(1933)). Blood pressure was, however, never 
below normal and, during the period shown in 
Figure 1, was uniformly conspicuously above 
normal. There was no distinctive pigmentation 
of the skin or mucous membranes. Retrograde 
pyelography revealed normal, sharply defined 


pelves and calices. Conspicuous renal insuffi- 
ciency, organic in type, was the outstanding feature 
and persisted even when large doses of sodium 
chloride were given. If Addison’s disease was 
present in addition it was not yet recognizable 
clinically. 

Table IV presents a detailed comparison of 12- 
hour creatinine and urea clearances during Pe- 
riods 9, 10 and 11. During the fourth day of 
salt restriction both urea and creatinine clearances 
reached their lowest levels. Creatinine clearances 
averaged 8.3 cc. per minute during the 4 days of 
salt restriction, and 10.1 cc. per minute when salt 
was administered. Creatinine clearance fell more 
rapidly and recovered more quickly after the re- 
striction, and the administration respectively, of 
sodium chloride. The effect cannot be ascribed 
to changes in urine flow which have little or no 
influence on creatinine clearance (Holten and Reh- 
berg (1931)). With respect to urea also there 
should be no grave error ascribable to changes in 
urine flow, since the rate of urine formation was 
relatively constant and since urea clearances were 
computed from the Van Slyke equations. Using 
the equation for “ standard ” clearance when the 
rate of urine formation was below 2.0 cc. makes 
the recorded differences in urea clearance less than 
they would have been if no correction had been 
made for diuresis. Hence any error in calculated 
urea clearances is in the direction of minimizing 
the changes under observ'ation. Moreover, the 
observation described in Table IV agrees with that 
in Table III, though the rate of urine formation 
differed considerably in the two series. In this 
patient at two levels of diuresis, therefore, sodium 
chloride admim'stration appeared to modify the 
facility' with which urea and creatinine were ex- 
creted by markedly insufficient kidney's. 

On discharge, the patient had no symptoms ref- 
erable to azotemia ; the plasma urea nitrogen was 
34.6 mgm. per 100 cc., creatinine 43' mgm. per 
100 cc., plasma chloride 100 m.eq. per liter, serum 
phosphates 5.9 mgm. per 100 cc. One month 
later, with 15 grams of sodium chloride per day, 
low protein diet and 3000 cc. of fluid per day, 
the plasma chlorides were 100 m.eq. per liter, the 
plasma urea nitrogen 27.8 mgm. per 100 cc., and 
the plasma creatinine 4.9 mgm. per 100 cc. 

Case 2, F. M., white male, aged 46, was first admitted 
to the Medical Ward May 12, 1934. He presented gross 
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hematuria, edema, hypertension and azotemia. Phenol- 
sulphonphthalein elimination was reduced at first to a trace 
in 2' hours. Diuresis set in and renal function improved 
steadily except for a brief period after tonsillectomy; on 
discharge a 2-hour urea clearance indicated 30 per cent 
of average normal function and phenolsulphonphthalein 
elimination was 25 per cent in 2 hours. ■ He was dis- 
charged on July 26, 1934, with a diagnosis of subsiding 
acute glomerulonephritis. 


was readmitted for further study. In the course of this 
second admission the relation between sodium chloride 
intake and urea clearance was studied. 

The patient was ambulatory. A rigid salt-poor 
diet containing 2700 calories and 1,0 gram of pro- 
tein per kilo daily was used. Fluid intake was 
kept at 3000 cc. per day throughout. Figure 2 



Fig. 2. Case 2. Showing Effects of Administering and Restricting Sodium Chloride 
IN A Patient with Slight Renal Insufficiency. 


In October, 1934, a concentration test and cast count 
yielded the following results: Restriction of fluids for 
24 hours (Addis) elevated the specific gravity of the 
urine to 1.018. The 12-hour volume was 720 cc., the 
reaction acid. Cast excretion totalled 79,000 per 12 
hours with 45 per cent hyaline, 12 per cent granular, 10 
per cent blood and 33 per cent epithelial casts. Erjihro- 
cyte excretion was 450 million per 12 hours, the urinary 
sediment being definitely red. Epithelial cells and leuko- 
cytes numbered 0.7 million in 12 hours. The plasma 
urea nitrogen was 16.6 mgm. per 100 cc. A 2-hour urea 
clearance showed 62 per cent of normal function, the 
plasma proteins were normal and the 12-hour specimen 
of urine contained 0.42 gram of protein. In view of per- 
sisting (active) subacute glomerulonephritis the patient 


shows plasma urea nitrogen (circles), plasma chlo- 
ride (crosses) and 24-hour urea clearances (dots) 
over 14 days. The shaded areas represent aver- 
age urea clearance in terms of per cent norma! 
function (solid), urea clearance in terms of cc. 
plasma cleared per minute (horizontal lines) an 
the average rate of urine formation (\ertic3 

lines). . 

For the first 6 days no salt was given except tor 

that in the diet (less than 1.0 gram per 
Plasma chloride did not change, body weig t ( i 
minished by 0.5 pound, and the average ch or 
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elimination was reduced to 2.80 grams per day. 
Average urea clearance was 34.7 per cent of nor- 
mal and blood urea nitrogen rose from 16.9 to 
a maximum of 21.7 mgm. per 100 cc. 

The administration of 10 grams of salt per day 
in the form of half-strength physiological salt so- 
lution was accompanied by a gain of 3.7 pounds in 
weight and by a fall of plasma urea nitrogen to 
ll.S mgm. per 100 cc., with a definite increase 
of average urea clearance whether considered in 
terms of per cent normal, or simply in terms of 
cc. plasma cleared per minute. Protein intake was 
constant except for a period of slight anorexia 
during the last few days of high salt intake. 

Reducing the sodium chloride intake, other 
things being constant, a^in diminished body 
weight by 3 pounds, the change being complete 
by the end of the third day of chloride restriction. 
The rate of urine formation increased during this 
time and the higher urea clearance observed may 
be due in part to the diuresis accompanying loss 
of body chloride and water. During chloride re- 
striction the urine contained at first 2.4 grams of 
chloride (as NaCl) per day, and later 0.6 gram. 
In the latter part of the second period of chloride 
restriction the average urea clearance approached 
the level obser\'ed during the initial period of low 
salt intake. Plasma chlorides remained constant 
but the plasma urea nitrogen rose from 11.6 to 
16.2 mgm. per 100 cc. 


Case 3, L. F., white male, aged 61, had been admitted 
to the hospital on several occasions since 19^ on account 
of marked hiTjertension (230 mm, Hg systolic and 140 
mm. Hg diastolic), generalized arteriosclerosis, moderate 
obstructive symptoms from prostatic median bar (re- 
lieved in 1932 by cystoscopic resection) and chronic 
cystitis. A moderate grade of renal insul5cienc>' was 
present. Phenolsulphonphthalein elimination amounted 
to 30 per cent in 2 hours. 

Restriction of fluids for 24 hours elevated the specific 
gravity of the urine to 1.017, the 12-hour volume being 
855 cc. -The blood urea nitrogen varied between 20 and 
30 mgm. per 100 cc.; a 2-hour urea clearance revealed 
35 per cent normal function. Creatinine clearance 
amounted to 44 cc. per minute. Plasma proteins were 
8.07 per cent, and the urinary excretion of protein 
amounted to 0.13 gram per 12 hours. The excretion of 
many leukocjdes, owing to cystitis, prevented computing 
erjdhrocj’te and cast excretion. 

This patient was studied for 14 days with the 
results shown in Figure 3, by symbols similar to 



ADDED NaCI 
CMS. PER DAY 

0 

9.0 

9.0 

CHLORIDE EXCRETED 
til or HftCt felt 24 MftS 

5.6 

1 12.5 

1 ' 

U.O 

PROTEtH INTAKE 
CMS. PER DAY 

62.3 

63.9 

63.7 

FLUID ■ • 

3000 

CC. PER DAY ! 


Frc, 3. Case 3. SHomxc Effects of Admixistep.- 
iNC Axp Resteictixg Sodium Chloride ix a Patiexx 
mTH Moderate Rexal Ixsufficiexcy. 


those in Figures 1 and 2. The patient was placed 
on a diet contaim'ng 2500 calories and 1.0 gram 
of protein per kilo. Protein intake was practi- 
cally constant, and fluid intake was kept to 3(X)0 
cc. per day. The diet was not so rigidly salt-poor, 
milk and salt-containing bread being allowed. 
The patient was ambulatory throughout. 

During the first 5 days no salt was added to the 
diet, the output in the urine being 5.6 grams per 
day. Body weight was reduced by 1 pound. 
Blood urea nitrogen rose from 21.7 to 27.7 mgm. 
per 100 cc., remaining constant at the latter level. 
Plasma chloride was not altered. The 24-hour 
urea clearances averaged 23.5 per cent of normal. 

During the succeeding 9 days, 9.0 grams of salt 
were added to the diet by substituting 2000 cc. of 
half-strength physiological salt solution for an 
equal amount of water in the fluid intake. Body 
weight increased by 2 pounds. The plasma urea 
nitrogen fell from 27J7 to 24.3 mgm. per 100 cc., 
the average urea clearance rising from 23.5 to be- 
tween 29.2 and 28.9 per cent of normal during 



536 


EUGENE M. LANDIS, K. A. ELSOM, P. A. BOTT AND E. SHIELS 


TABLE V 

Summary of observations during NaCl administration and restriction 


Case number 

; 1 

Period 

Fluid 

Protein 

NaCl added to diet 

Plasma urea nitrogen 
(end of each period) 

Urine flow 

24-hour urea clearance 

Urea nitrogen excretion. 

Percentile change reierred to 

Period 1 ( = 100) in each case 

Number 

Duration 

Salt ouput per 

24 hours 

Protein in diet 

Urea nitrogen ex- 
cretion per 24 
hours 

Plasma urea nitro- 
gen (end of each 
Period) 

1 

C’S 

Ji &> 

o ft 
*2 cl 

0 V 

o a 

o o 3 

U 

24-hour urea clear- 
ance (per cent 
normal) 


1 


cc. per 

grams 

grams 

pigm. 

cc. per 

per cent 

grams per 










day 

per day 

per day 

per cent 

minute 

normal 

S4 hours 







1 

1 0 





154 











' 1 

i 3 

4000 

28.1 I 

13.9 

119 1 

2.08 

5.05 

7.20 

100 

100 

100 

100 

100 

100 


2 

5 

4500 

35.0 

13.9 

65.5 

2.84 

7.47 

6.74 

172 

125 

94 

55 

152 

148 


! 3 

5 

4500 

36.4 

13.9 

41.9 

2.97 

7.57 

4.20 

163 

130 

58 

35 

■154 

150 


! 4 

6 

4500 

37.0 ^ 

13.9 , 

33.5 , 

2.93 , 

7.33 

2.94 

191 

132 

41 

28 

149 

145 


! 5 

4 

4500 

70.5 i 

15.0 i 

41.9 

2.63 

7.78 1 

3.14 ; 

178 

251 

44 

35 

159 

154 


i 6 

1 • 


4500 

78.9 

17.1 ; 

53.3 j 

2,69 ; 

8.15 

4.22 

249 

281 

59 

45 

166 

161 


1 7 

4 

4500 

36.6 i 

13.9 1 

45.6 

2.84 

7.19 j 

3.90 

207 

130 

54 

38 

147 

142 


8 

4 

4500 

36.5 

13.9 

38.3 

2.79 

6,81 

3.10 

186 

130 

43 

32 

138 

135 


9 

4 

4065 

30.6 i 

1 

0 

41.5 

2.48 

6.41 

2.68 

122 

109 

37 

35 

.1 

130 : 

127 


10 

4 

4500 

32.7 i 

14.1 

36.5 

2.33 

6.14 

2.58 

1 90 

116 

36 ; 

31 

123 

122 


11 

4 

4500 

37.8 

13.9 

32.0 

2.71 

6.68 

2.38 

152 

135 

33 ! 

27 

136 

132 


12 

5 

4500 

37.0 

13.9 

34.6 

2.74: 

6.52 

I 2.34 

174 

132 

33 

29 

133 

129 

2 

0 





16.9 

i 

i 









1 

S 

3000 

65.9 

0 

19.3 

1 1.96 

34.7 

7.24 

100 

100 

100 

1 100 

1 

100 

100 


2 

4 

3000 

' 64.4 

10 

14.2 

1.78 

^ 39.8 

6.64 


98 

92 

74 

111 

115 


3 

5 

3000 

S 59.6 

10 

13.0 

1.94 

41.2 

5.82 

411 

90 

80 

67 

117 

119 


4 

3 

3000 

! 65.5 

0 

15.1 

2.13 

44.0 

6.20 

87 

99 

86 

78 

131 

127 


5 

3 

3000 

65.6 

0 

15.7 

2.07 

38.3 

6.64 

21 

99.5 

92 

81 

114 

110 

3 

0 



i 


: 24.6 










1 

1 

5 

2975 

62.3 

0 

27,7 

1 

1.75 

23.5 

6.42 

100 

100 

100 

100 

100 

100 

i 

'2 

4 ! 

3000 

63.9 

9.0 

25.2 

1.94 

29.2 

7.82 

223 

103 

122 

91 

126 

124 

1 

3 ! 

j 

S ! 

3000 

63.7 

1 9.0 

1 

24.3 

1.84 

28.9 

7.24 

247 

102 

113 

88 

122 

123 


salt administration. Mild grades of salt restric- 
tion and administration were used since the 
marked hypertension made it inadvisable to test 
extreme conditions. Severe headache complained 
of before admission disappeared during salt re- 
striction, but returned in mild grade during the 
last few days of salt administration. 

The important average figures for each of the 
3 cases are summarized in Table V. Absolute 
values are given in the left hand portion of the 
table. Percentile changes during the period of 
study are shown at the right; for quantitative 
comparison the various values applying to the 
first period for each case have been taken as 100 
per cent, each subsequent period being compared 
to Period 1. 


In Case 1 salt excretion was doubled at the time 
urea clearance was highest (66 per cent above the 
urea clearance for Period I). The times in which 
urea clearance was lowest (Periods 1, 9 and 10) 
were those in which salt excretion was least. 
Urea nitrogen excretion was greatest shortly after 
admission (7.20 grams per 24 hours) falling to a 
minimum of 2.34 grams per 24 hours in Penoc 
12, show'ing no definite relation to urea clearance. 
It would seem that the excessive excretion of urea 
nitrogen during the early periods resulted simp > 
from the elimination of retained urea. The c im 
ination of urea nitrogen was finally reduced to 
per cent of the initial value, and the bloo urw 
nitrogen was reduced to 29 per cent of the mit 
value. 
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Protein intake was approximately constant in 
Case 1, except for Periods 1 and 9, owing to ano- 
rexia, and Periods 5 and 6 when protein intake 
^\'as purposely increased. The obser\-ed reduction 
in urea clearance and elevation of blood urea ni- 
trogen cannot be explained by the slight change 
in protein intake during the low salt period. The 
similarit}" in the percentile changes in urea clear- 
ance (per cent of normal) and cc. of plasma 
cleared of urea per minute indicates tliat changes 
in the rate of urea excretion are demonstrable by 
either method of calculation and do not depend 
upon the more or less arbitrarj’ use of the square 
root of the rate t)f urine formation contained in 
Van Slyke’s equation for calculating standard 
clearances. This equation was used in isolated 
instances in Periods 1, 2, S, 9 and 10. In other 
periods the clearances were maximal since the 
average rate of urine formation was usually above 
2.0 cc. per minute. 

In Case 2 chloride excretion was increased 
fourfold in Period 3 and urea clearance was 17 
per cent higher than in Period 1 when salt intake 
was low. The total urea excretion was lower, 
however, partly by reason of voluntarily reduced 
protein intake. As in Case 1, moreover, the ef- 
fects of salt restriction were not evident immedi- 
ately. Loss of weight showed that body fluid 
was being diminished. The sodium chloride thus 
made available might delay for some days the 
effects of chloride restriction. Similar lag in the 
excretory response to the administration and re- 
striction of chloride is described by Roivntree and 
Fitz (1913), Vallerj'-Radot (1918) and by Leiter 
(1926) who emphasize the importance of body 
fluids and tissue in connection with salt balances. 
Our own obsen'ations with chloride-poor diets in 
patients with edema indicate that the urinary ex- 
cretion of chloride remains high until the edema 
fluid has been excreted. Only after weeks will 
reduction in chloride intake produce in edematous 
patients the reduction of urea clearance that is 
observed in non-edematous individuals after 4 to 
5 daj's. 

In Case 3 protein intake was more constant and 
the increased urea clearance was associated also 
with increased total excretion of urea nitrogen, 
while salt output was doubled. 

The studies of 3 patients with different grades 


of renal fnsufHdency agree in shonring during salt 
administration (1) a tendencj- toward lower 
plasma urea nitrogen, (2) a slight increase in the 
volume of plasma cleared of urea per minute and 
(3) slightly increased urea clearance over 12- and 
24-hour periods when calculated by the Van Slyke 
equation in terms of per cent of normal. 

Urea clearances and diuresis during day and night 

In the 3 patients with renal insuffidenej- urine 
was collected in two 12-hour periods extending 
from 8 p.m. to 8 a.m., and from 8 a.m. to 8 p.m., 
in order to detect any large differences in urea 
clearance that might be related to diurnal change 
in the rate of urine formation, or to diurnal 
changes in excretorj- activity. The 12-hour urea 
and creatinine clearances shown in Table I\^ do 
not show any striking or uniform rdation to the 
period of urine collection. It . should be men- 
tioned, however, that while urea dearances varied 
irregularly, creatinine dearances were lower by 
night in II of 13 periods, and higher by ru'ght in 
the remainder, though the differences were ex- 
tremely sh'ght. 

The data on Cases 1 and 2 are charted in Fig- 
ure 4, to compare the rate of mine formation and 
urea dearance in night and day periods. Solid 
dots refer to the m'ght period from 8 p.m. to 
8 a.m., drcles to the day period from 8 a.m. to 
8 p.m. The charts show no sj'stematic rdation 
between day and night urea dearances, the distri- 
bution of points being in general haphazard. 

The rate of urine formation in Case 1 tended 
to be veiy- slightly higher during the night, but 
the variation was slight as is usually the case in 
renal insuffidenc}-. There was no uniform rda- 
tion between urea clearance and the diuresis. 
This is to be expected since dearances were, with 
two exceptions, maximal (i. e., associated with 
urine formation at rates exceeding 2.0 cc. per 
minute) . While salt was being given, the rate of 
urine formation was occasionally less than 2.0 cc. 
per minute (Figure 4, Periods 2 and 5) but the 
urea dearance in terms of per cent of normal re- 
mained at the usual levd. In Case 1 the low 
dearances assodated with salt restriction were 
accompanied by slight!}- lower rates of urine for- 
mation, the lowest corresponding to over 2300 cc. 
per 24 hours. Since occasional relative oliguria in 
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Fig. 4. Cases 1 and 2. Showing Urea Clearance 
(Per Cent Normal) and Diuresis During Day (8 
A.M. TO 8 P.M., Circles) and Night (8 p.m, to 8 a.m.. 
Dots) Periods. 

the periods of salt administration did not affect 
urea clearance measurably, it seems most unlikely 
that the low urea clearances observed during hy- 
pochloremia were secondary to relative oliguria 
alone. 

In Case 2 (Figure 4) diuresis was relatively 
constant, while 12-hour clearances varied more 
widely. There were no definite diurnal varia- 
tions. The diurnal fluctuations in renal excretion 
described by Simpson (1926), Norn (1929) and 
Manchester (1932) while conspicuous, were of 
short duration and would in large measure be 
neutralized by 12-hour periods of collection, par- 
ticularly since the night specimens included the 


urine formed immediately before and after sleep. 
Manchester (1932) found nitrogen excretion 
very slightly greater in the daytime, but stated 
that the increase in specific gravity of the night 
urine was due largely to nitrogenous substances in 
spite of the fact that the total amount of urinary 
nitrogen excreted was slightly smaller during the 
night. Moreover, it is to be expected that pa- 
tients with renal insufficiency would not show 
significant diurnal variations in excretion since 
the disappearance of nocturnal relative oliguria 
is one of the first indications of renal insufficiency. 

DISCUSSION 

A number of clinical reports indicate that chlo- 
ride administration may be helpful in reducing 
azotemia in selected cases (Vallery-Radot (1914), 
Romalo and Dumitresco (1914), Blum et al. 
(1929), Borst (1931)), though adverse effects 
from the administration of large doses of sodium 
chloride have also been observed (Veil (1918), 
Lemierre et al, (1929)). The findings in Case 1 
resemble those of a case described by Chabanier 
et al. (1934). A patient with chronic glomerulo- 
nephritis showed vomiting, convulsions and oli- 
guria, associated with a blood urea of 542 mgm. 
per 100 cc. and a blood chloride of 250 mgm. per 
100 cc. The administration of sodium chloride 
diminished the oliguria and eventually lowered 
the blood urea to 25 mgm. per 100 cc. Renal 
function in Chabanier’s patient was 10 per cent 
of normal, according to the Ambard coefficient. 

In agreement with the data of McLester (192 ) 
and of Allen and Sherrill (1922) it appears that 
restriction of sodium chloride may be associate 
with elevation of plasma urea nitrogen with or 
without lowering of plasma chlorides. The o - 
servations made during the administration 
agree in general with those of Hatcher ^rid o 
mann (1902) and Schoenthal (1929). 
changes in 24-hour urea clearances described or 
the three patients studied prove to be sigmfican , 
it would seem that the greater variability o 
2-hour urea clearances will explain the riegah''^ 
results of Leiter (1926) and Cope (1933). 
wide range of normal variation often o ser 
in short period studies of renal function ma> 
have concealed the relatively slight ' • „ 

urea clearance required to produce the cumu 
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effects that are represented by a slight elevation 
of the concentration of blood urea nitrogen. It 
may be added that 2-hour urea clearances, deter- 
mined in the course of our studies of 3 patients, 
did not show changes which could be ascribed to 
differences in salt intake ; during the same period 
the 24-hour urea clearance indicated the small, 
but apparently consistent, changes recorded. 

Chaussin (1920) found that when fluid is re- 
stricted the administration of chlorides in large 
doses diminishes the excretion of urea. Davies, 
Haldane and Peskett (1922) observed that the 
maximal possible molecular concentration of 
chloride in the urine is 0.33 normal, and that the 
total molecular concentration of chlorides plus 
bicarbonate cannot exceed this figure. They be- 
lieved, however, that the excretion of urea and 
chlorides were not interdependent. According to 
Adolph (1923) the total molecular concentration 
of the urine does not ordinarily exceed a fixed 
value, and if the concentration of one substance 
approaches this \-alue in the urine the excretion 
of other substances will be depressed. These 
findings are not opposed to our own, since fluid 
intake was liberal enough to avoid the excretion 
of highly concentrated urine. The amount of 
fluid was graded so that the specific grarity of the 
urine was below the maximum characteristic for 
each patient. Under these conditions the antag- 
onism described above could not be an important 
limiting factor. 

Our observations jdeld no specific information 
concerning the importance of the total osmotic 
concentration of the blood in determining nitro- 
gen retention. The finding of a measurable, 
though small, change in urea clearance suggests, 
however, that depressed renal function per se 
may play a part in the development of azotemia 
in those conditions which are characterized by the 
loss of large amounts of chloride. 

The identification of the exact mechanism by 
which renal function can be reduced during chlo- 
ride restriction must await further opportunity to 
study other patients with hypochloremia and con- 
spicuous azotemia. In Case 1 the reduced intake 
of sodium chloride apparently tended to diminish 
both the urea and creatinine clearances. It is 
known that loss of chloride produces dehydration 
and anhydremia ; plasma volume is reduced and 


the concentration of plasma protein is increased 
(Veil (1918)). It is conceivable that the an- 
hydremia of salt restriction may affect creatinine 
clearance in the same way that the anhydremia of 
standing does. According to Ni and Rehberg 
(1931) creatinine clearance and glomerular filtra- 
tion are less in the standing position because blood 
volume is reduced and plasma protein concentra- 
tion increased, by filtration of relatively protein- 
free filtrate from the blood stream into the de- 
pendent parts of the body. The coinddent de- 
pression of urea and creatim'ne dearances sug- 
gests that reduced glomerular filtration may be in 
part responsible. A definite dedsion on this point 
cannot be made with the limited data now avail- 
able. The results thus far obtained are described 
since this method of study may help in determin- 
ing the mechanism through which depletion of 
sodium chloride favors the devdopment of azo- 
temia in certain patients., 

SUIIITARY 

In 2 normal subjects urea dearances deter- 
mined over 24-hour periods raried less widely 
than did the conventional urea clearances deter- 
mined over 1-hour periods. Average urea dear- 
ances over 12- and 24-hour periods were there- 
fore used to study possible effects of sodium 
chloride restriction and administration on renal 
function in 3 patients ■with different grades of 
renal insuffidencj'. 

When diet and fluid intake were kept constant, 
a restricted intake of sodium chloride was accom- 
panied by a slight elevation of plasma urea nitro- 
gen concentration and by a slightly diminished 
average 24-hour urea clearance. Administration 
of sodium chloride was accompanied by a lower- 
ing of plasma urea nitrogen concentration and by 
a higher average 24-hour urea dearance. 

In one patient with advanced renal insuffidenc>- 
the plasma urea nitrogen decreased from 154 to 
26 mgm. per 100 cc. during sodium chloride ad- 
ministration. Acute restriction of sodium chlo- 
ride intake produced hj'pochloremia ndth charac- 
teristic symptoms. In addition, there was tempo- 
rary retention of urea, creatinine and phosphates. 
Renewed sodium chloride administration relieved 
the sjmptoms and diminished the concentrations 
of urea, creatinine and phosphate in the plasma. 
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In this same patient both the urea and the cre- 
atinine clearances over 24-hour periods were 
slightly lower^ during and shortly after sodium 
chloride restriction, becoming somewhat higher 
during sodium chloride administration. 

It is suggested that this method of study ap- 
plied to suitable cases may aid in determining the 
factois responsible for the association, in certain 
patients, of liypochloremia and azotemia. 
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In 1854 Andrews (1), of the University of 
I^Iichigan, wrote of the spirometer “ . . .1 am 
inclined to adopt the opinion of others who main- 
tain that this instrument cannot be relied upon 
for diagnosis except where the previous Htal 
capacity of the individual is known, so as to de- 
cide whether there is reall}* a diminution going 
on. At the same time it must be confessed that 
diseases of the lungs exert a remarkable influence 
on the capacity.” One year before this, Fabius 
(2), in his inaugural dissertation on the vital ca- 
pacity of the lungs, had also suggested making de- 
terminations during health in order that, should 
sickness supervene, the former might serve as a 
basis of comparison with that secured after the 
onset of disease. However, these suggestions 
have largely gone unheeded, most of the publica- 
tions from the time of Hutchinson (3) to the 
present being concerned \vith tlie variations from 
standards based upon body measurements rather 
than with actual changes in the Htal capacity, inci- 
dent to disease. 

In 1924, with the publication with Kornblum 
(4) of an article on the vital capacity, the writer 
decided to employ the suggestions of Fabius and 
Andrews, and see whether the \'alue of the vital 
capacity as a diagnostic procedure would be en- 
hanced thereby. It was decided that an attempt 
should be made to secure the vital capacity of 
evety patient presenting himself for office treat- 
ment, regardless of the nature of his complaint, 
and that, in addition, the vital capacity of certain 
available groups of healthy indiUduals should be 
studied. 

Vital capacity changes in youthful healthy 
subjects 

The first group to be considered consisted of 
482 healthy students in Drexel Institute, Philadel- 
phia. (See Table I.) Half of them were men 
^^ging in age from 17 to 30 j’ears ndth an av- 


erage age of 21.36 years, the other half were 
women, aged 16 to 25, the average age being 20.14 
years. 

TABIX I 

Ages of normal subjects 


Men ‘W'ctzsn 

yam 

16 0 1 

17 1 4 

18 23 24 

19 47 68 

20 53 82 

21 43 37 

22 42 18 

23 19 5 

24 7 1 

25 3 1 

26 2 0 

27 0 0 

28 0 0 

29 0 0 

30 1 0 


Total 241 241 


Mean age .... 21.36 years 20.14 years 

In this group the vital capacity figures of one 
year were compared with those of the next. It 
tHll be seen (Fig. 1) that many variations oc- 
curred both above and below the readings of the 
preHous year; that both men and women exhib- 
ited an average gain, and that the men gained 
more than the women. The gain of the men 
exceeds three times the standard error of the 
mean and is statisticalty significant, that of the 
women is not. 

It was interesting to compare these findings 
with the variations from the hj'pothetical vital 
capacity as calculated from the standards of Y’'est 
(5) which are based upon surface area. As 
would be expected, the variations from West's 
standard (Fig. 2) were considerably greater than 
those from the reading of the previous year, 
showing that the latter offered a better basis for 
predicting the vital capacity than did West’s sur- 
face area standard. 
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Fig. 1. Vital Capacity Changes from Previous Year in 482 Normal Subjects. 

Standard deviation = 202 cc, for men, 169 cc. for women. Standard error of the 
mean = 13 cc. for men, 11 cc. for women. Mean gain in vital capacity = 89 cc. for 
men, 17.4 cc. for women. 


The data, furthermore, help to answer the 
question : “ How far below the normal figure can 
the vital capacity fall before the diminution should 
be regarded as significant?” Adopting three 
times the standard deviation as the criterion of 
significance in the case of the student whose vital 
capacity is compared with that of the previous 


year, a diminution exceeding 695 cc. for the iR ^ 
and 507 cc. for the women would be regarded a 
significant.^ On the other hand, where a stu 


1 For the men, the standard deviation (20- ccO 
= 606 cc. Adding the mean gain n x 3 

For the women, the standard deviation (10-' 
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Fig. 2. Vital CAP.\aTY Vari.atioks troxi West's Standard in' 482 ICosiiAL Sldjects. 

Standard deviation = 482 cc. for the men, 285 cc. for the women. Standard error of the mean = 31 ca for 
the men, 25 cc. for the women, ilean difference from West’s standard = -f 198 cc. for the men, -F 137 cc. for 
the women. 


vital capacit}' is compared with the figure calcu- 
lated by West’s formula, readings more than 1,644 
cc. below West’s standard in the case of men, and 
1,292 cc. below in the case of women may be con- 
sidered significant." 

Vital capacity changes in acute bronchitis 

Having determined what variations were to be 
expected in the vital capacity of youthful subjects 
in health, a group of youthful patients with acute 
bronchitis W£is next studied. A difference of 
opinion regarding the effects of bronchitis upon 
the vital capacity is manifested in the literature, 
some writers beliering that little if any diminu- 
tion is produced, while others hold that a marked 
lowering of the vital capacity is to be expected. 
Table II shows these patients divided into am- 
bulatory and bed cases. As might be expected the 
bed cases exhibited a greater average loss than the 
ambulatory ones. From a statistical standpoint 
the loss in vital capacity in the ambulatory group 
could not be regarded as significant; in the bed 
cases, however, the difference is almost 3 times 


gives 507 cc. (the gam is not significant and is therefore 
not added). 

-For the men, the standard deviation (482 cc.) X3 
gives 1,446 cc. Adding the mean difference from West’s 
standard (+ 198 cc.) gives 1,644 cc. For the women, 
Ae standard deviation (385 cc.) X 3 gives 1,155 cc. 
Adding the mean difference from West’s standard 
(-h 137 cc.) gives 1,292 cc. 


t.vble n 

yilal capacity changes in acute bronchitis 


(Cases grouped as ambulatory or bed) 


Vital capadty 

Xnnbcr of 

Xcnlierof 

dmcrccce from 

aiabalatory 

bed 

healthy figure 

patients 

patients 

cc. 

+ 400 

... 1 

0 

-f-300 

... 1 

0 

+ 200 

... 4 

2 

+ 100 

... 11 

4 

0 

... 13 

3 

— 100 

... 9 

6 

— 200 

... 9 

S 

— 300 

... 0 

2 

— 400 

... 1 

1 

— 500 

... I 

0 

— 600 

... 0 

1 


- 

- ■ 

Total 

... 50 

24 

Standard error of the mean 

... 232 cc. 

38 cc. 

Standard error of the mean X 3 . 

. . . 69.6 cc. 

114 cc. 

Mean loss in vital capacity 

20 cc. 

100 cc. 


the standard error of the mean, and probabl}' is 
significant. However this may be, a stud}- of 
Table II indicates that in most instances the vital 
capacit}' would have afforded little assistance in 
differentiating bronchitis from normalit}'. On the 
other hand, this very fact indicates that the vital 
capadt}' might be of assistance in differentiating 
that disease from others which regularly cause a 
significant diminution in the vital capadt}', pneu- 
monia, for example. 

The vital capacity changes in pneumonia 

Although it has long been known that the dtal 
capadty is greatly diminished In pneumonia, 3 'et, 
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except in postoperative pneumonia (6) vital ca- 
pacity determinations prior to and during the 
onset of this disease have heretofore been lacking. 
In Cases 1 and 2 it was possible to secure fairly 
complete sets of vital capacity readings, before, 
during, and after pneumonia. (See Figs, 3 and 

4.) 


the physical signs were by no means characteristic of 
pneumonia, there being skodaic resonance over the right 
base, little if any alteration in the breath sounds and 
few rales over the right lower lobe. The patient never 
looked acutely ill, and she improved daily so that on the 
14th day of the disease a roentgenogram showed the chest 
to be entirely negative, and she was discharged. Twelve 
days later she returned to her normal activities. 
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Fig. 3, Vital Capacity Before, During and After Mild Influenzal 
Pneumonia (Case 1, Fig. 5/4). 

A loss of 250 cc. by the second day of the disease is shown, then a fur- 
ther loss of 1,100 cc. followed by a rapid rise approximately to the figure 
secured prior to the illness. Here, and in Figure 4, the highest temperature 
of each 24 hours is indicated by a circle. 


Case 1. Miss V. B., aged 20, suffered from unreduced 
congenital bilateral dislocations of both hips: otherwise 
her past medical history was negative. Her vital capac- 
itj' in health was found to be 3,100 cc. (See Fig. 3.) 
Si.x months later she was seized with pain in the abdo- 
men and back, and on the following day she developed 
a chill, cough and fever of 102.8° F. The chest exam- 
ination Avas negative. On the next da^^ her Ieukoc 3 ’te 
count was 8,500 and rales appeared at the base of the 
right lung. Because of the fall in her vital capacity, 
and despite the atypical findings, pneumonia was diag- 
nosed and she was sent to the University Hospital. On 
the 6th day of her disease her leukocytes numbered 19,- 
600 and a roentgenogram showed “ density at the right 
base, the appearance of which is that of pneumonic 
consolidation.” (See Figs. 3 and 5A.) Even at this time 


Case 2. Miss M. S., aged 20, in health had a vital ca* 
pacity of 3,500 cc. Six months later she was seized A'd ' 
a sore throat and a fever of 103° F, On the foUoAving 
day she had a leukocytosis of 11,400 and examination o 
the chest revealed the classical signs of pneumonia over 
the loAver lobe of the right lung. She Avas taken lo * 
University Flospital Avhere she ran a course characteristic 
of lobar pneumonia, the upper as Avell as the loAver o 
becoming invoh'ed by the pneumonic process (see iP- 
4 and SB). On the 33d day of the disease she 
charged from the hospital, and 29 days later resume 
norma] activities. 

These cases illustrate the diminution in A'ital c<. 
pacity which regularly accompanies pneumonia. 
In Case J the fall was gradual and the disca.se 
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Fig. 4. Vital CAPAaty Before, Duei.vg and After Lobar Pneumonia Involving First the Right Loivee, 

Then the Right Upper Lobe of Case 2 (Fic. 5B). 

A loss of 2,500 cc. by the second day of the disease is shown, then a further loss of 450 cc, followed by an 
increase beginning before subsidence of the temperature has begun. The vital capacitj- 1 year and 7 months af- 
ter the attack is shown to be very little below that secured prior to its onseL 


mild. Here the vital capacity was of distinct 
service, strongly suggesting the diagnosis of pneu- 
monia. It is possible that cases of mild pneu- 
monia masquerading as bronchitis may be more 
frequent than is generally recognized, and if so, 
the vital capacity should assist in their recogni- 
tion. Case 2 exhibited a more precipitous and 
profound diminution in the vital capacity than did 
Case 1. The physical findings and course of the 
disease were so characteristic of lobar pneumonia 
that neither the vital capacity nor roentgenogram 
were needed to make the diagnosis. It is interest- 
ing to note how early in the disease the fall in 
the vntal capadtj’ occurred and how an increasing 
vital capacitj- was the first ev-idence of beginning 
lysis. Both in this patient and in Case 1 there 


was eventuallj' a return of the vital capacitj- to 
approximatelj- the pre-pneumonia level. That 
such does not alwaj-s occur is evidenced bj- the 
following case. 

Case 3. A man, aged 40, measuring 7014 inches and 
weighing 145 pounds, whose vital capacity in health was 
6,000, developed a prolonged attack of streptococcal 
bronchopneumonia which resulted in the diaphragmatic 
adhesion shown in Figure SC. Although in perfect health 
during the subsequent 5 years the vital capacity has re- 
mained 5,500 cc. 

In spite of the loss of 500 cc. his vital czpzdty 
is still 1,000 cc. above the normal figure as pre- 
dicted on the basis of West’s standard. This case 
illustrates how a complication such as pleuritic ad- 
hesions maj- lead to a permanent diminution in the 
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Fig. 5. Roentgenographic Findings. 

A. Case 1. Mild atypical pneumonia involving the right lower lobe. The vital capacity 
loss was 1,350 cc. (see Fig. 3). 

B. Case 2. Right upper and lower lobe pneumonia. The vital capacity loss was 2,950 
cc. (see Fig, 4). 

C. Case 3, Adherent right diaphragm due to preceding bronchopneumonia resulting in 
a permanent loss of 500 cc. in vital capacity. 

D. Case 4. Spontaneous pneumothorax of right lung. The vital capacity loss was 
500 cc. 


vital capacity and how relying upon West’s stand- 
ard one might conclude that the vital capacity was 
above normal whereas a loss of 500 cc. is known 
to have occurred. 

Vital capacity cJiauges in spontancotis 
pneumothorax 

The literature contains a number of observa- 
tions upon patients under treatment with artificial 
pneumothorax in whom vital capacity determina- 
tions were made both before and after the intro- 
duction of air (7). The following case, however, 
is apparently the first in which the vital capacity 
before and after the occurrence of a spontaneous 
pneumothorax is reported. 


Case 4. Mr. C. S., aged 20, consulted the writer on 
March 21st, 1928, because of pain over the right eye 
which appeared following swimming. The positive physi- 
cal findings were: blood pressure 140/85, left tonsil red, 
right frontal sinus dark on transillumination. His vital 
capacity at this time was 4,300 cc. Two weeks later he 
presented himself perspiring, pale and complaining of 
pain in the right chest which was aggravated by breath- 
ing or coughing. The onset was sudden and followed 
moderately violent exertion. The breath sounds over the 
right chest were slightly diminished but other chest find 
ings, including the coin test, were negative. The vi a 
capacity was found to be 3,800 cc., a loss of 500 cc. froai 
that of 2 weeks before. The roentgenogram (sec Fi-.- 
5D) revealed partial collapse of the right hing due to 
pneumothorax. One month later the vital capacity *a( 
relumed to within 100 cc. of the original figure, t.*e 
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chest examination w-as negative, and the roentgenogram 
showed complete expansion of the affected lung. 

Vital capacity in heart disease 

Although it has been recognized since the time 
of Kentisch (8) that congestive heart failure 
caused marked diminution of the vital capacity, 
yet, as far as the writer is aware. Case 5 is the 
first in which the vital capacity before, during 
and after the first attack of decompensation is 
reported. 

Case 5. Mr. W. H., aged 57, consulted the writer in 
August, 1928, because of pharyngitis. His vital capacity 
was 3,400 cc. (900 cc. below tlic figure predicted from 
West’s surface area standard.) He gave a history of hav- 
ing had a retinal hemorrhage 6 years before and of hyper- 
tension for an indefinite period, but he had never suffered 
from cardiac decompensation. He was not heard from 
again until December 22d of the same year, at which 
time he suffered from cough and dyspnea on exertion, 
his vital capacity being 2,900 cc. His heart, which previ- 
ously had shown little or no enlargement, now extended 
well outside the mamillarj' line and a systolic murmur 
had become audible over the ape.x. An electrocardiogram 
made at this time revealed inverted T waves in Lead I, 
diphasic T waves in Lead II and notched QRS waves 
in Lead III. The cough grew worse and on Januarj’ 11th, 
1929, he was orthopneic, the vital capacity being 1,800 
cc. This represented a loss of 1,100 cc, in 20 days and 
a total loss of 1,600 cc, since August. Under treatment 
in the hospital he gradually improved and on February 
11, 1931, cardiac compensation was well established and 
his vital capacity was 3,500 cc. 

This case is of interest in showing the gradual 
diminution of the vital capacity incident to de- 
compensation and the return of the vital capacity 
to its original level as compensation becomes re- 
stored. 

summary 

1. The vital capacity in ttvo consecutive years 
was determined in a group of 482 youthful 


healthy subjects. Deviations from the readings 
of the previous year proved to be decidedly smaller 
than those from the hypothetical vital capacity as 
calculated from the surface area formula of West. 
The reading of the previous year, therefore, con- 
stituted the more reliable basis for vital capacity 
prediction. 

2. In a group of 74 cases of acute bronchitis 
an average diminution from the previously de- 
termined healthy figure was noted in both am- 
bulatory and bed cases, a more marked diminution 
occurring in the latter. 

3. The vital capacity is shown before, during 
and after illness, in cases of pneumonia, spon- 
taneous pneumothorax and cardiac decompensa- 
tion. These observations are believed to be 
unique. 
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Since the introduction of accurate methods for 
measuring oxygen consumption, that function has 
been repeatedly observed to be increased in per- 
sons with congestive heart failure (1, 2, 3, 4) and 
to decline as improvement occurs (4). The 
mechanisms underlying these changes have not 
been clearly defined. In stud)dng a group of pa- 
tients with heart failure we were impressed with 
the constancy and magnitude of the alterations 
in metabolic rate and attempted to identify some 
of the factors responsible for them. 

This group of patients consisted of individuals 
with heart disease due to hj’pertension, syphilis or 
rheumatic infection. Most of the patients were 
moderately decompensated, a few had severe fail- 
ure and a smaller number were without congestive 
phenomena or had symptoms due to neuroses. 
The usual measures used in treating heart failure 
were employed, i.e., rest, sedation, digitalis, di- 
uretics and limitation of fluids. Venesection, 
thoracentesis and abdominal tapping were resorted 
to as occasion demanded. Observations were 
made at frequent intervals under, the usual 
“ basal ” conditions with the patient sitting in a 
wheel chair. The oxygen consumption was meas- 
ured by gas analysis of the expired air, duplicate 
determinations being made as a rule. The meta- 
bolic rates were calculated on the basis of the 
edema-free weight, using the Boothby and Sandi- 
ford modification of DuBois’ standard tables 
(16). In order to minimize the factor of nerv- 
ousness and apprehension the subjects were 
trained for one or. two days prior to the beginning 
of the observations. 

Twenty-five patients were studied. They have 
been classified in three groups, depending on the 
response to treatment. Group I consists of 13 
individuals who showed marked improvement as 
evidenced by three criteria, i.e., a loss of weight 
of at least 5 pounds, an increase in vital capacity 
of 10 per cent or more and the disappearance of 
paroxysmal dyspnea. .Most of the subjects in 


this group had moderate or advanced congestive 
failure at the beginning of the observations. In 
Group II are six persons who claimed subjective 
relief but in whom the objective evidences of im- 
provement, although demonstrable, were not suf- 
fident to meet the standards for Group I. In 
general, the patients in this group were not as 
severely decompensated as those in Group I. 
Those in Group III showed either doubtful or no 
improvement and include the patients with well 
compensated heart disease or with symptoms due 
to neuroses. 

The results are shown in Table I, The data 
recorded are the initial level of the metabolic rate 
and the change in the rate as improvement oc- 
curred. In all but two patients the metabolic rate 
was 10 per cent or more above the calculated 
normal, when congestive failure was present, and 
tended to decline n-ith improvement- The high- 
est metabolic rates were found in Group I, where 
they ranged between 15 and 60 per cent above 
normal, with an average of 32 per cent above 
normal. The greatest change in rate with im- 
provement in the clinical state was noted in this 
group, the average decrease being 22 per cent and 
the range between 5 and 39 per cent. The pa- 
tients in Group II showed smaller but qualitativelj’ 
similar changes. In Group III the basal meta- 
bolic rates were, with one exception, within the 
normal range and no striking variations were ob- 
served over periods of a week or longer in the 
hospital. These observations are in agreement 
with those reported by previous investigators. 

Among the factors that may be considered as 
conceivably responsible for the increased oxygen 
consumption in cardiac failure are: 

1. Fever 

2. Psychic disturbances such as fear or tenseness 

3. Altered activity of the thjToid gland 

4. An enlarged capillary bed secondary to in- 

creased venous pressure 

5. Increased work of the respiratory muscles 
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TABLE I 

The basal metabolic rate at the beginning of observation 

and the changes in metabolism and — 

Vital capacity 

with improvement* 



Name 

Initial 
level of 

Change in 
basal 
metabolic 
rate with 
improve- 
ment 

Change In 
Ventilation 


basal 

metabolic 

rate 

Vital capacity 
with improve- 
ment 

Group I 

M.T. 

per cent 

d-60 

per cent 

-39 

-4.2 

Moderate or 

Y.D. 

-f37 

-30 

-1.6 

severe car- 

P.F. 

4-52 

-30 

-1.0 

diac failure, 

M.L. 

4-34 

-28 

-2.0 

marked im- 

A.M. 

4-37 

-28 

-1.9 

provement 

A.M.t 

4-35 

-18 

-0.6 


J.E. 

4-15 

-26 

-0.9 


E.P. 

4-30 

-22 

-1.4 


J.K. 

4-32 

-20 

-1.2 


I.M. 

4-26 

-20 

-1.0 


W.C. 

4-24 

-15 

-1.0 


F.B. 

4-30 

-15 

-4.0 


A.E. 

4-15 

- 5 

-1.1 


G.M. 

4-23 

- 5 

-0.2 


Average 

4-32 

-22 

-1.6 

Group II 

C.S. 

4-55 

-30 

-2.0 

Slight im- 

R.M. 

4-15 

-20 

-0.2 

provement. 

M.B. 

4-18 

-20 

-0.5 

Slight cardiac 

P.F. 

4-10 

-10 

-0.6 

failure 

A.C. 

4- 5 

0 

-0.4 


L.M. 

4-16 

0 

-0.4 


Average 

4-20 

-15 

-0.7 

Group III 

J.M. 

- 3 

4- 6 

-0.3 

No improve- 

R.O. 

-10 

0 

-1.0 

ment. No 

S.F. 

4- 5 

0 

4-0.5 

cardiac fail- 

M.W. 

- 6 

0 

-0.6 

ure . 

E.O, 

4-23 

- 4 

4-2.3 


U.R. 

4- 2 

0 

4-0.2 


Average 

4- 5 

0 

4-0.5 


* The degree of the decline in metabolism and in 
respiratory effort appear to vary directly with the extent 
of improvement, 
t Second admission. 

6. Increased oxygen consumption of the heart it- 
self. 

The first factor need not be considered in the 
present study since none of our subjects had fever 
at the time of observation. The five other factors 
suggested may be considered separately. 

Psychic disturbances 

Emotional disturbances will vary in different 
individuals and are to some extent unavoidable. 
We tried to minimize them by using well trained 
person.'^, many of whom had been subjects for 


respiratory observations on previous admissions. 
The most obviously neurotic patients were found 
in Group III, but in this group the metabolic rates 
remained fairly constant, so that we felt that 
variations due to psychic factors could not account 
for the striking changes observed in the other 
groups. 

The factor of altered activity of the thyroid gland 

Lev and Hamburger (4) suggested that an 
altered activity of the thyroid gland secondary to 
circulatory changes may be responsible for the 
increased metabolism in patients with cardiac dis- 
ease. The known circulatory changes in conges- 
tive failure are a prolongation of the circulation 
time, and an increase in venous pressure. An at- 
tempt was made to produce similar changes in the 
neck veins of dogs either by suspending the animal 
upside down or by applying a pressure cuff in- 
flated to 40 mm. Hg. about the neck below the 
level of the thyroid gland. In several animals so 
treated over a period of 4 or 5 hours no significant 
variations in oxygen consumption were observed. 

A favorable response to iodine has been con- 
sidered a good index of the presence of thyro- 
toxicosis. One patient with severe congestive 
failure and a basal metabolic level of -k 35 did 
not respond to iodine administration over a period 
of two weeks — although on the usual cardiac 
regime he had repeatedly shown marked improve- 
ment and a decline in basal metabolic rate to a 
level of about 10 per cent. This evidence, 
though meager, does not favor the hypothesis of 
a transient hyperthyroidism in cardiac failure. 

The effect of an enlarged capillary bed 

Could the increased oxygen consumption ob- 
served in congestive failure be due to the increased 
venous pressure per se? Such a change might 
conceivably follow the enlarging of the area of 
contact between tissues and blood as a result o 
dilatation of the venules and capillaries. At 
tempts were made to test this hypothesis by meas- 
uring the oxygen consumption in a limb or isolatcf 
muscle under varying conditions of venous pres 
sure. In some experiments an elevation in meta ) 
olism was noted, accompanied by cither an in 
crease or decrease in blood flow. In others 1 1 - 
opposite effect was found. There were m<-n> 
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technical difficulties and no procedure was free 
from theoretical objections, so that we cannot 
draw any conclusions from our data. 

Observations of interest in this connection have 
been made in four patients with increased venous 
pressure, peripheral edema, ascites and hepato- 
megaly, the results of obstruction to the entrance 
of blood into the heart. The obstruction in one 
case was due to a mediastinal tumor, and in the 
other three to pericarditis {coiicrdio cordis). 
D 3 'spnea at rest was not a prominent S 3 Tnptom and 
the hearts were cither normal in size or only 
slightl 3 ' enlarged. The levels of the basal meta- 
bolic rates in these cases were respectively -f- 9 
per cent, — 9 per cent, — 11 per cent and — 15 
per cent. In the last subject following resection 


of a portion of the pericardium the venous pres- 
sure declined from a level of 400 to 200 mm. H,0 
without an)’ accompan 3 ’ing change in ox 3 'gen con- 
sumption. This evidence suggests that increased 
venous pressure of itself cannot be responsible for 
elevation of the metabolic rate. 

The factor of increased work of respiratory 
viuscles 

Peabod 3 ’, Me 3 'er and DuBois made the first sat- 
isfactory determinations of the basal metabolic 
rate in patients with heart disease, and noted an 
increase in ox 3 ’gen consumption in d 3 ’spneic pa- 
tients ( 1 ) . The)' stated, “ Dyspneic patients must 
do an increased amount of work in their labored 
breathing but it is doubtful if this would account 
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tiG. 1. Relation of B.M.R- to ^ ^ of Miscellaneous Patients 

Vital Capacity 

WITH Heart Disease in Various Stages of Compensation. 

This chart represents repeated rneasurements on 25 patients with congestive 
failure. The basal metabolic rate is plotted against respiratory effort as meas- 
ured by the ratio . Although there is considerable scattering of 

Vital capaaty 

points there is a correlation between the functions studied. 
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for an increase of more than 10 per cent.” Pea- 
body, Wentworth and Barker stressed the im- 
portance of the reduced vital capacity and the in- 
creased ventilation in heart failure and recognized 
their relation to dyspnea and the increased oxygen 
consumption (2). These ideas were emphasized 


with the volume of air breathed and inversely as 
the vital capacity. 

In normal people under basal conditions the 
Ventilation 


values for 


have been found to be 


Vital capacity 
usually less than 2. In patients with heart dis- 
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Fig. 2. Changes in B.M.R. and 


Ventilation 


IN Patient A.M. during 


Vital CAPACiTy 
Treat.ment for Congestive Failure. 

This illustrates the rough parallelism between changes in the basal metabolic 
. . . . ..... f Ventilation 

rate and the amount of dyspnea as represented by the ratio oi capacity 

during recovery from congestive failure on two occasions. 


by Harrison and his coworkers (5), who found 

the degree of dyspnea to be roughly proportional 

Ventilation (in liters per minute) 

to the expression — — ; r- — rr; — r 

Vital capacity (in liters) 

This ratio may be used to represent also the work 
performed by the muscles of respiration which, 
other things being equal, will tend to vary’ directly 


!ase values ranging up to 10 have 
:n Figure 1 are represented more than 
lervations of the basal metabolic rate and the ra 

Ventilation^ 25 patients in various stages of 
/ital capacity . , t,p 

:ardiac failure. The points show consider. - 
scattering. There is, however, an apparen 
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Ventilation 
Vital Capacity 

MrsT. A.E. 


Y.D. 



6.B.S. 




J.E. 


Fig. 3. 


Changes in B.M.R. and 


Ventilation 
Vital Capacity 
Treatment. 


IN Cardiac C.ases under 


This chart illustrates the general parallelism between variations in the basal 
iabolic rate and 
congestive failure. 


metabolic rate and the ratio of °J L- in five patients during recovery from 

V ital capacity 


relation between the two functions studied, par- 

ticularly when the ratio for the ex- 

Vital capacity 

ceeds 6. The data on two patients with congestive 
failure associated in one with mild thjTOtoxicosis, 
and in the other with postoperative myxedema, 
gave values for these individuals that fell along 
the upper and lower limits of the graph, re- 
spectively. The numerical changes in the ratio 


Ventilation - r * * j- j 

— — ; : — in the group of patients studied are 

Vital capaaty 

recorded in the last column of Table I. There 
was a decline in this function in all persons who 
showed definite improvement. The diminution 
was greatest in Group I, in which as we have 
noted, failure was most severe, improvement well 
defined, and reduction in oxv'gen consumption 
most marked. 
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OXYGEN 

CONSUMPTION 

PER 

MINUTE 

C.C. 


VENTILATION 

PER 

MINUTE 

LITERS 



Fig. 4. Subject F, B. Effect of Venesection and Transfusion on MetaB' 

OLisM AND Ventilation. 


After venesection of SOO cc. of blood there was a fall in the oxygen consump- 
tion and in the ventilation of the patient. After the blood was reinfused the oxygen 
consumption and ventilation both rose. 


The correlation noted above is more striking in 
the graph for the individual subject. In charting 
the serial changes as the patient improves the tend- 
ency to parallel variation is again brought out. 
In Figure 2 are represented the data on Patient 
A. M, during two periods of hospitalization, and 
in Figure 3 studies over shorter periods on other 
persons with heart disease. At times the meta- 
bolic rate and the ratio for the ■ tend 

Vital capacity 

to vary independently, or one may lag behind the 
other, indicating that there are other factors to be 
considered. 

Sudden and parallel changes in oxygen con- 
sumption and total ventilation were observed fol- 
lowing abdominal paracentesis in a patient with 
rheumatic heart disease and massive ascites 
(Table II). About 4 liters of fluid were re- 
moved. Observations were made just before the 
operation, immediately afterward, 6 hours and 24 
hours later. There was an immediate drop of 28 
per cent in ventilation and 23 per cent in the 
oxygen consumption, which was fairly well sus- 


TABLE ll 

Effect of abdominal paracentesis on inetabolisin and 
ventilation. 


(Subject A. T.: Rheumatic heart disease, congestive 
failure with ascites. Four liters of fluid removed at one 
sitting.) 



Before 

para- 

centesis 

After paracentesis 

Per 

cent 

chanKC 

Vital capacity, cc . . 

1850 

* 

? 

Ventilation, liters 


7.7 Immediately after 

6.3 Six hours later 

7.4 Next day 

-28 

-41 

-31 

per minute 

10.7 

Oxygen consump- 


1 


tion, cc. per min- 
ute 

202 

157 Immediately after 

1 61 Six hours later 

169 Ne.xt day 

-23 

-20 

-16 


* On account of pain at the site of incision tlic vital 
capacity after operation could not be determined. 


tained for at least 24 hours. On account of P^'H 
at the site of incision the vital capacity after a 
dominal tapping could not be determined. 

The effect of venesection is illustrated grap' 
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ically in Figure 4. The initial oxygen consump- 
tion ^\•as 310 cc. per minute. Following the re- 
moval of 500 cc. of blood there was a drop in the 
o.xj’gen consumption to 260 cc. per minute in a 
period of two and one half hours. An hour later 
the blood •was reinfused, after which the oxj’gen 
consumption rose almost to its original level. 
The changes in ventilation parallel closely the vari- 
ations in metabolism. Comparable diminutions in 
metabolism were obsen^ed in 3 other patients in 
whom venesection was carried out. In only one 
instance was the blood rdnfused. 


panied by an increase in the rate of oxygen con- 
sumption. There have been identified a number 
of variables among which are the rate and depth 
of respirations, the level of ventilation and the 
presence or absence of respiratory obstruction. 
Loewj* (6) revdewed the earlier investigations on 
this subject. Lev and Hamburger (4) noted a 
rise of 17.5 per cent in the metabolic rate in one 
patient during a period of voluntary* hyperpnea. 
Anrep and Hammouda (7) found in panting dogs 
that the oxj'gen consumption increased in propor- 
tion to the total ventilation and concluded that the 



Fig. 5. The Effect of Voluxtary Oterventuatiox ox the Metabolic Rate. 

Seven normal individuals and eight patients with cardiac disease were studied. 
The points that are squared represent resting values. The others were obtained during 
voluntary overventilation. The chart illustrates the e.vtent to which an increase oi 
ventilation can raise the metabolic rate. 


The data so far presented indicate that there is 
a qualitative, and to some extent quantitative, cor- 
relation between the metabolism and the work of 


the respiratory muscles (as measured by the ex- 

„ . Ventilation \ 

pression j. 

Vital capacity/ 

There are several reports in the literature indi- 
cating that an increase in the ventilation is accom- 


rise was due to the increased work of respiration. 

Marked elevations in metabolism were observed 
in subjects made to overventilate either voluntarily* 
or by* breathing carbon dioxide. Figure 5 pre- 
sents composite results in 7 normal people and 8 
patients livith cardiac disease during voluntary* 
hyperpnea. No attempt "was made to regulate 
the rate or depth of breathing. The total period 
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Basal 

Mefabolic 

Rate 



Subject B.F. Normal 


Basal 

Metabolic 

Rate 


+30H 


t20- 


+ I0H 


0 -^ 


- 10 - 


• • 

o 


4 6' 

Ventilation 


8 


Vital Capacity 
Subject FJ. Cardiac 


Fig. 6, Changes in Metabousm with Over\'entilation. * 

The figure at the left represents the effects of changes in ventilation on the metabolic 
rate of a normal subject. The three black circles in' the left lower corner are resting values. 
Both voluntary overventilation (black circles) and involuntary overventilation produced 
by carbon dioxide (hollow circles) resulted in a well marked increase in metabolic rate. 
Similar results as illustrated by the figure on the right were obtained in a patient with heart 
disease. 


of hyperpnea varied in different individuals be- 
tween 3 and 6 minutes, depending on the rapidity 
with which fatigue occurred. These variables are 
in part reflected in the wide scattering of the 
points. Nevertheless, there is an apparent cor- 

, . , Ventilation , , 

relation between the ratio ■ : and the 

Vital capacity 

metabolic rate. The elevations in metabolism due 
to voluntary overventilation are comparable to, 
though in general a little lower than those due to 
spontaneous dyspnea (Fig, 1). 

The data in two typical experiments comparing 
normal respiration, voluntary hyperpnea and car- 
bon dioxide overventilation are shown graphically 
in Figure 6. All observations were made at one 
sitting with 15 to 30 minute intervals between de- 
terminations. For a comparable increase in venti- 
lation the elevation in metabolic rate seems more 
marked with voluntan,- than with involuntary hy- 
perpnea. This is in agreement with the findings 
of Liljestrand cited by Loewy (6). 


The most marked effect with carbon dioxide 
overventilation was shown by F. B. (Table HI)- 


TABLE HI 

The effect of carbo-n dioxide overveniilolion on the 
oxygen consumption 

(Subject F. B.: Syphilitic heart disease; vital capacity, 
1750 cc.) 


Period 

1 

2 

3 


Normal 

Normal 

Breath- 


breath- 

ing 

breath- 

insr 

ing2 per 
cent COi 

Duration of 




breathinE. 

6 

6 ' 

4 

Ventilation, liters 

1 8.4 

8.1 

11.7 

Per minute 

Ventilation 

Vital capacity " " 
OxjTcn con sump- 

4.8 

4.7 

6.7 

1 

tion, ce, per 

253 

258 

265 

Pulse rate, per 

88 

104 

minute 

90 



Note an increase in metabolism of about 100 per 
Period 4, and 90 per cent in Period 5. 
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The oxA'gen consumption almost doubled with a 
threefold increase in ventilation. 

The effect of depressing the respiration with 
morphine ^^•as studied in six patients. In ever}’ 
dyspneic patient there was a well marked decline 
in ventilation and a slight or moderate decrease 
in metabolic rate, the magnitude of the change in 
both ventilation and metabolic rate varying with 
Ventilation 


the initial level of 


The results in 


Vital capacit}'' 

two typical experiments are recorded in Table 

rV. Patient A. M., with a slightly elevated 

Ventilation • r i j i. 

^ ratio of 2.9, showed no change in 
Vital capaat}' 

ox}'gen consumption beyond the limits of error 
of the method. Subject T. M. had marked dysp- 


nea, an initial 


Ventilation ^ c m j 

— quotient of 10 and 


Vital capacit}- 


T.KBLE IV 


Effect of morphine on oxygai consumption and 
Ventilation 
Vital capacity 


{A. Subject A. M.; Luetic heart disease, well compen- 
sated, showing very slight change in metabolism as result 
of a 28 per cent decrease in ventilation when the initial 

Ventilation . , 

, 7— IS slightly elevated.) 

Vital capaaty 


Condition 

Nonnal 

breath- 

ing 

45 min- 
utes after 
morphine 

1 hour 
after 
morptunej 

VA hours 
after 

morphine. 

Breathing 

3 per cent 
COi 

Oxygen consump- 
tion, cc. per min- 
ute 

244 

242 

236 

262 

Ventilation ’ 
Vital capacity 

2.9 

2.1 

2.0 

3.9 


(B. Subject T. M. : Hypertensive heart disease — severe 
dyspnea, showing marked reduction in metabolism with 
36 per cent reduction in ventilation when the initial 

Ventilation 

Vital capacitj- "’^^kedly elevated.) 


Condition 

Normal 

breathing 

45 minutes 
after 
morphine 

1 hour after 
morphine. 
Breathing 

3 per cent COi 

Oxygen consump- 
tion, cc, per min- 
ute 

26S 

202 

254 

Ventilation 

Vital capacity 

10.0 

6.4 ■ 

7.7 


an oxygen usage of 265 cc. per minute. Forty- 
five minutes after the subcutaneous injection of 
0.02 gram of morphine the ratio had declined to 
6.4 and the ox}-gen consumption to 202 cc. That 
this is not wholly due to the hypnotic effect of 
morphine is indicated by the fact that subse- 
quently when the breathing of this patient was 
stimulated by carbon dioxide the ox}-gen consump- 
tion increased to 254 cc. per minute. Further- 
more, non-dyspneic patients (as A. M.) showed 
very little or no change in metabolic rate following 
morphine.^ 

These observations demonstrate that the in- 
creased work of respiration in dyspneic patients 
is an important factor in the production of their 
elevated ox}-gen consumption. 

Oxygen ccntsinnption of the heart 

In evaluating the role played by the heart in 
the increased ox}-gen consumption in cardiac dis- 
ease we are forced to depend largely on indirect 
evidence. The assumption that the heart plays 
such a role rests on two general propositions — 
first, that the faibng heart is dilated ; and second, 
that a dilated heart uses more ox}'gen in doing a 
given amount of work than a normal heart. The 
first has been amply demonstrated in the experi- 
mental animal by Patterson, Piper and Starling 
(8) and by Rohde (9), and in man by Stewart 
and Cohn ( 10) . The second has been established 
by the work of Evans and llatsuoka (11) and 
Starling and Visscher (12). In the heart-lung 
preparation the latter authors found that the ox}-- 
gen used by the heart is dependent on the diastolic 
volume, i.e., the degree of dilatation. As the heart 
tires it dilates and although the work remains con- 
stant the energ}- expended in doing it may be in- 
creased by as much as 60 per cent. 

Harrison, Friedman and Resnik (13) studied 
the effect on the heart of the dog of certain in- 
jurious agents, namely, anoxemia, potassium chlo- 
ride and chloroform. They obtained data for tlie 
calculation of the total metabolism, the cardiac 
ox}-gen consumption, and the cardiac work. As 

^ The observations on the effect of morphine on the 
ventilation suggest the possibility that in a patient with 
congestive failure and suspected hyperthyroidism because 
of increased ox>-gen consumption, the response to mor- 
phine may offer a means of determining the relative im- 
portance of thyroid and respiratorj- activity. 
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cardiac failure occurred there was observed in 
all experiments an increase in the amount of oxy- 
gen used by the heart. This was noted even in 
the presence of a marked diminution in total oxy- 
gen consumption and in total cardiac work. 

On the basis of these investigations there is little 
doubt that the heart does contribute to the elevated 
metabolism in cardiac disease. The question is 
whether its share is large or small. Starling and 
Evans (14), in the heart-lung preparation, found 
the oxygen consumption of the dog’s heart to av- 
erage 3.2 cc. per gram per hour. Comparable val- 
ues were obtained by Harrison, Friedman and 
Resnik (13), in dogs with the chest and pericar- 
dium open. The procedure they employed causes 
considerable surgical shock. Because the lowered 
blood pressure and decreased cardiac output in 
shock results in diminished cardiac work, the data 
so obtained are not strictly applicable to animals 
in good condition. Using a new device these 
latter observers were able to determine the metab- 
olism of the heart in animals with the chest intact. 
The average value for the cardiac oxygen con- 
sumption of morphinized dogs was found to be 
5.3 cc. per gram per hour and about 11 per cent 
of the oxygen consumption of the whole animal. 
When the heart was made to overwork either by 
increasing the cardiac output (infusion of saline 
or blood) or by elevating the blood pressure (ad- 
renalin, cutting the vagi, clamping the carotid ar- 
teries) its oxygen consumption per gram of mus- 
cle increased as much as 100 per cent. Under 
periods of maximum stress the oxygen consump- 
tion of the heart amounted to as much as 30 per 
cent of the total metabolism. 

Clinically however, no such changes in cardiac 
work occur in congestive failure, for neither the 
cardiac output (15) nor the blood pressure vary 
very widely, nor in any consistent direction. 
While the total work of the heart does not change 
much, the energ}' expended in accomplishing it is 
greatly increased if the observations in the experi- 
mental animal with dilated and failing hearts are 
applicable to man. That this increased cost of 
performing work may be significant can best be 
illustrated by a concrete example. Let us make 
three assumptions: 

1. The average oxygen consumption of the nor- 
mal human heart is, like that of the dog’s heart, 
0.09 cc. per gram per minute. 


2, The hypertrophied heart uses as much oxy- 
gen per gram as does the normal. 

3. As the heart dilates and fails its oxygen con- 
sumption increases about 40 per cent. (This cor- 
responds with the changes observed by Starling 
and Visscher in the heart-lung preparation, and 
by Harrison, et al., in the intact dog.) 

If under these assumed conditions a patient with 
a normal oxygen consumption of 200 cc. per min- 
ute and with a heart weighing 250 grams, should 
develop cardiac hypertrophy (heart weight 500 
grams), and later decompensation, then the total 
oxygen consumption, and that of the heart might 
be as shown in Table* V. 


TABLE V 

Oxygen consumption in a hypothetical case 


Condition 
of heart 

Dyspnea 

Heart 

weight 

Oj con- 
sump- 
tion of 
heart 

Os con- 
sump- 
tion of 
the rest 
of the 
body 

Total 
Os con- 
sump- 
tion 

Basal 

meta- 

bolic 

rate 

Normal 

Absent 

grams 

250 

ce. ter 
minute 

22.5 

«. per 
minute 

177.5 

ce, per 
minute 

200 

per 

cent 

db 0 

Compensated, 
hypertrophied . . 

Absent 

500 

45 

177.5 

222.5 

+11 

Decompensated, 
hypertrophied . . 

Absent 

500 

63 

177.5 

240.5 

+20 

Decompensated, 
hypertrophied . . 

Present 

500 

63 

227.5* 

290.5 

+45 


♦Including effect of dyspnea. An increase of 25 per 
cent in oxygen consumption due to respiratory^ effort m 
j" Ventilation 


severe dyspnea 


ratio 


= 6_-8j is 


con- 


J_Vital capacity _ . 

sistent with the data represented in Figure 5. 


In Table V, which may be taken as representa- 
tive of severe congestive failure, the increased car 
diac oxygen consumption accounts for an mere 
ment of 20 per cent in the total metabolism. 


SUMMARY 

The effect of therapy upon the oxygen co” 
sumption of twenty-five patients with hear J 
ease was observed. It was noted that m genen 
those with the most marked evidence of ^ 
live failure had the greatest elevation ot ‘ 
bolic rate, and showed the most pronounce 
in oxygen consumption with improvement, 
was a rather striking parallelism ‘ Jjio 

in the degree of dyspnea as measured by 
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Ventilation variations in the metabolic 

Vital capacity 

rate. The effect upon the oxygen consumption 
of increased ventilation produced both voluntarily 
and by the inhalation of carbon dio.xide was meas- 
ured in both normal subjects and in patients with 
heart disease. In general, it was found that an 

, Ventilation . ^ , 

increase of the ratio rr - — ; = — 'vas associated 

Vital capacity 

with a rise in the oxygen consumption of suffi- 
cient magnitude to account for a large portion of 
the elevation in metabolic rate found in patients 
wdth cardiac dyspnea. Measures, such as vene- 
section, paracentesis and the administration of 

morphine, which lower the ratio y^ntilation ^ 

Vital capaaty 

were usually effective in reducing the oxj'gen con- 
sumption of dyspneic patients. In one subject 
the re-infusion of blood that had been removed a 
short time previously caused the ventilation and 
oxj'gen consumption to rise to about their pre- 
existing values. 

In addition to the effect of labored breathing, 
if it can be assumed that observations made upon 
the failing heart of the dog can be applied to the 
diseased heart of man, then calculations indicate 
that the oxygen consumption of the heart also may 
be an important factor in the elevation of the basal 
metabolic rate occurring in patients with conges- 
tive failure. 


DISCUSSION 

The above observations indicate that the in- 
creased work of the respiratory muscles associated 
with cardiac dyspnea adds another load to an al- 
ready overburdened heart. This factor of res- 
piratory effort assumes greater importance as car- 
diac failure becomes worse, for the ventilation 
tends to rise and the vital capacity to fall, thus 

increasing the ratio Ventilation geometric 
Vital capaaty 

proportions. Procedures which tend to reduce 
the ventilation (rest, morphine, venesection, para- 
centesis) or to increase the vital capadty (para- 
centesis) are beneficial in part through reduction 
of the work of breathing. 

In advanced congestive failure with severe 
dyspnea the factor of labored breathing seems to 
play the most important role in elevating the me- 


tabolism. The increased oxj-gen consumption of 
the diseased heart ranks next in importance. 
Other factors appear to be relatively minor. Of 
course, in evaluating the significance of an elevated 
basal metabolic rate in a given patient ttdth cardiac 
disease the factors of fever, nervousness and thy- 
roid activity must be considered as in any other 
patient. 

CONCXUSIONS 

1. The basal metabob’c rate is elevated in many 
persons vnth congestive cardiac failure and de- 
clines as improvement occurs. The degree of 
elevation (and decline) tends to parallel the se- 
verity of congestive failure (and the extent of 
improvement). 

2. The mechanisms responsible for these 
changes have been investigated. The increased 
work of the muscles of respiration appears to be 
the chief factor; the diminished mechanical ef- 
fia’ency and consequent increased energy* expendi- 
ture of the diseased heart may also play an im- 
portant role. 

The authors acknowledge their indebtedness to 
Dr. Tinsley R. Harrison for his valuable assist- 
ance in the making of these studies. 

BIBLIOGRAPHY 

1. Peabody, F. W., Meyer, A. and DuBois, E. F., 

Oinical calorimetry. XVT. The basal metabolism 
of patients with cardiac and renal disease. Arch. 
Int. Med., 1916, 17, 980. 

2. Peabody, F. W., Wentworth, J. A., and Barker, B. 

I., Qinical studies on the respiration. V. The 
basal metabolism and the minute-volume of the 
respiration of patients with cardiac disease. Arch. 
Int. Med., 1917, 20, 468 

3. Boothby, W. M., and Willius, F. A., The basal meta- 

bolic rate in cases of primary cardiac disease. 
M. Qin. North America, 1925, 8, 1171. 

4. Lev, M. W., and Hamburger, W. W., Basal metab- 

olism in organic heart disease. Am. Heart J., 
1925-26, 1, 240. 

5. Harrison, T. R., Turley, F. C., Jones, E., and Cal- 

houn, J. A., Congestive heart failure. X. The 
measurement of ventilation as a test of cardiac 
function. Arch. Int. bled., 1931, 48, 377. 

6. Loewy, A., Oppenheimer's Handbuch der Biochemie 

des Menschens und der Tiere, Jena. 1924-30, vol. 9. 

7. Anrep, G. V., and Hammouda, M., Observations on 

panting. J. Physiol., 1932-33, 77, 16. 

8. Patterson, S. W., Piper, H., and Starling, E. H., The 

regulation of the heart beat. J. Physiol., 1914, 48, 
465. 



HARRY RESNIK, JR., 


AND BEN FRIEDMAN 


562 ' 

9. Rohde, E., Stoffwechseluntersuchungen am iiber- 
lebenden Warmbliiterherzen. Ztschr. f. physiol. 
Chem., 1910, 68, 181. 

10. Stewart, H. J., and Cohn, A. E., Studies on the effect 

of the action of digitalis on the output of blood 
from the heart. III. Part 1. The effect on the 
output in normal human hearts. Part 2. The 
effect on the output of hearts in heart failure with 
congestion in human beings. J. Clin. Invest., 1932, 
11, 917. 

11. Evans, C. L., and Matsuoka, Y., The effect of various 

mechanical conditions on the gaseous metabolism 
and efficiency of the mammalian heart. J. Physiol., 
1915, 49, 378. 

12. Starling, E. H., and Visscher, M. B., The regulation 


of the energy output of the heart. J. Physiol, 
1922, 62, 243. 

13. Harrison, T. R., Friedman, B., and Resnik, H., Jr., 

The mechanism of acute experimental heart fail- 
ure. (To be published.) 

14. Starling, E. H., and Evans, C. L., The respiratory e.x- 

changes of the heart in the diabetic animal. J. 
Physiol., 1914-15, 49, 67. 

15. Harrison, T. R., Friedman, B., Clark, G., and Resnik, 

H., The cardiac output in relation to cardiac fail- 
ure. Arch. Int. Med., 1934, 54, 239. 

16. Boothby, W. M., and Sandiford, I., Normal values 

of basal or standard metabolism. A modification 
of the DuBois standards. Am. J. Physiol, 1929, 
90, 290. 



STUDIES OF KIDNEY FUNCTION IN CHILDREN 


I. Urea Clearance Values: (1) No Evidence of Kidney Disease (2) After 
Acute Hematuric Nephritis Following an Acute Infection 
(3) in the Acute Stage of Hematuric Nephritis ^ 
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This stud}- was made with three distinct pur- 
poses in view. The first was to determine whether 
the range and distribution of urea clearance val- 
ues in children coincided with those in adults. 
The principles of the urea clearance test of renal 
function and its usefulness for adults have been 
adequately established by Moller, McIntosh and 
Van Slyke (1), and by other workers. There 
has been some question whether this test is as 
adequate for children as for adults. 

The second purpose was to determine if it were 
possible by the urea clearance test to detect re- 
sidual damage in the kidneys of children who had 
previously had acute hematuric nephritis. The 
general concensus of opinion is that, in the great 
majority of such cases, recovery- of the kidney is 
complete. However, the urea clearance test has 
not been utilized in any extensive study of this 
problem. 

The third purpose was to use the urea clear- 
ance test in children during the acute stage of 
hematuric nephritis, as an index of the degree of 
kidney damage, and to ascertain its usefulness 
during the convalescent stage in determining the 
rate at which the kidneys return to normal func- 
tion. 


dren not only serv-ed as the control for the group 
who had a history of acute hematuric nephritis 
but also furnished data concerning the urea clear- 
ance values to be expected in abnormal conditions 
other than kidney- disease. 

The children were given a breakfast of fruit, 
cereal u-ith milk and an additional glass of milk. 
They received no eggs, meat or coffee. Approxi- 
mately an hour after breakfast they voided and 
drank one glass of water. At the end of one hour 
they again voided and this urine was collected. 
Follow-ing this a sample of blood was taken from 
a vein, and a second glass of water given. At the 
end of the second hour the final sample of urine 
was collected. Complete collection of the samples 
was insured. While each collection period was 
not exactly an hour, the time at which the sample 
was taken was carefully recorded. This is the 
routine procedure recommended by Moller, Mc- 
Intosh and Van Slyke (1). In all the date pre- 
sented here the term “test ” indicates the average 
of these two successive clearance values. It is to 
be noted that, with few e.xceptions, blood was 
t^en follow-ing the collection of the first sample 
of urine. 


DETAILS OF THE EXAMINATIONS 

The control group. The 62 children in this 


yiuup. ine oe. cniiaren m rni; 
group who were residents at the Children’s Con 
lalescent Home, had no evidence of kidney- dam- 
age and no history of kidney disease. The groups 
included children who were primarily nutritional 
problems, children with some ty-pe of chronic 
heart disease, and children convalescing from 
various other conditions. This group of 62 chil- 

^ Presented in abstract before the Central Society for 
Chmeal Research, Chicago, November 1934. 


^ Diooa and unn^ 

manometric apparatus 
02 cc. of blood bemg used. Most determinations wen 

f the ehild bj- th< 

kgrL^ ^lelntosh, ifoller and Van Slyke’s (2) lin, 

noS^'lt determination should b« 

method -to e-et ° ® "'"th the gasometric urease 

“a of n, re® ^tis artorj- blank determinations on 0^ 

concentmtionfVe varesfr'f 

wth blood, the 02 ““ Jow. However, 

aeainst the , ^ technic checks satisfactorily 

E wLoT- ^ the same 

-gj gi'ing m detail the studies which were 
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made in an attempt to explain this fact, our conclusion 
was that in the absence of proteins of the blood the 
minute amount of mercury dissolved inhibits urease 
action whereas with protein present the slight amount of 
mercury that may be dissolved combines with the protein 
and therefore does not effect the enzyme, A minor 
deviation from Van Slyke’s directions consisted in al- 
lowing the urease solution to act on the blood for at 
least two minutes, in order to insure complete trans- 
formation of the urea into ammonium carbonate. How- 
ever, the possibility of significant ammonia formation 
from other nitrogen constituents of the blood was ob- 
viated by never allowing the urease to act more than 
4 minutes. With this method, blanks on the urease 
solution should be run practically each day, “ Double 
strength” (Squibb) urease powder should be used. 
Urease powder that has aged for several months is more 
satisfactory than fresh powder since it gives a lower 
and more constant “ blank ” value. 

The group with a history of acute hematuric 
nephritis. Children who had had hematuric ne- 
phritis following an acute infection were brought 
to the clinic of the Children’s Hospital for exam- 
ination.^ To avoid the factor of selection in this 
group an attempt was made to examine all chil- 
dren who had had acute nephritis within the past 
ten years and had been patients at the Children’s 
Hospital or the Cincinnati General Hospital. For 
obvious reasons many of these children could not 
be returned for examination. However, it is 
probable that parents of children, who had had 
any persistent illnesses following their hospitaliza- 
tion, would be more willing to have them re- 
turned, and it is likely, therefore, that this group 
would include the greater proportion of children 
with permanently damaged kidneys, if such dam- 
age existed. Instructions were given that the 
children should receive the same breakfast out- 
lined for the control group, and we believe that 
this procedure was followed in most instances. 
The children reported to the Clinic approximately 
an hour after breakfast. Clearance tests were 
then performed as in the control group. An in- 
terim history was taken, and a complete examina- 
tion was made, which included blood pressure 
readings and an analysis of the urine for albumin, 
sugar, specific gravit}', pH and microscopic study. 
In most instances the children appeared to be un- 
disturbed by the examinations. 

= In this task we had the efficient cooperation of the 
Social ScrHce Department of the Children’s Hospital. 


RECORDING AND ANALYSIS OF DATA 

A large amount of accessory data were accumu- 
lated which cannot be reported here. Unless an 
exception is stated either in the tables or in the 
discussion, the physical and urine examinations 
and the history indicate that the- child’s condition 
was essentially normal. 

The recording of data relating to children with 
a history of acute hematuric nephritis requires 
some explanation. In many cases, either because 
of an apparently unusual difference between the 
two successive clearance values of one test or 
because of some question concerning the clinical 
condition, the child returned to the clinic one or 
more times. In only two cases did these repeated 
tests vary significantly from each other. One of 
these is Number 5 of Table IV, who apparently 
showed a delayed recovery. The other (Case 92) 
was a girl so extremely apprehensive that three 
determinations had to be discarded. On the 
fourth visit to the clinic the disturbing psychic 
factors were eliminated, and the examination 
completed. In addition, several of the children 
first studied have been brought back after one or 
two years for further examinations. 

The following arbitrary selection of data has 
been made. In Table II the last test made on the 
child is recorded. The histogram for this group 
(Figure 1) showing the frequency of occurrence 
of urea clearance test values is, therefore, base 
on the number of children rather than the number 
of determinations. 

The number of children is sufficient to allow a 
biometric analysis of several secondary questions, 
such as the relation of clearance to age, to sex 
and to the time elapsed since the acute condition. 
For these analyses the repeated tests on any gncn 
child are actually new data and are so used, o*” 
example, a child who had acute hematuric nep ir' 
tis at 10% years was studied two years ago at ^ 
age of 11 years. He has been studied twice smcc 
at lU/o and 12% years of age ^fspectively. 1 ’ 
last determination at 12% years is used or < 

II and Figure 1. The first analysis is use 
the analysis of “ time since cessation a 
symptoms ” in the " 1 month to I _ f-''' 
and the average of the last two determinations 
the corresponding group “ 1 to 5 years. 
analysis of the influence of age, the irs 
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Fjg. 1. Distribution’ HismcRAiis or Urea Ci£ar- 
ANCE Values in 62 Children with No Ewdence of 
Kidney Disease, Upper Histogram, and in 78 Chil- 
dren Who Had Had Hematuric Nephritis Following 
AN Acute Infection, Lower Histogram. 

Frequencies are based on the number of children. 


either of these combinations are entirely com- 
parable. 

There is somewhat more variation in the data 
from the group with a history of hematuric nephri- 
tis. The 52 tests with two successive maximum 
values (CmCn) have practically the same mean 
value as that of the control group. The 15 tests 
with the CtCm combination have a mean of 117.8, 
which appears higher but which is not significantly 
different biometrically from the CmCm sub-group. 
The mean value for the small sub-group of tM'O 
successive standard ■values (CjC,) is sigm'ficantly 
higher than the mean value for Cm Cm of this same 
major group, but the number (9) is too small 
to allow accurate deduction. Furthermore, it hap- 
pens that 7 of the 9 are boys who in this group, 
as is pointed out below, tend to have higher clear- 
ance values. There are not enough combinations 
of maximum clearance followed by standard 
(CmC,) to permit analysis. 

It is apparent that when a glass of water is 
taken at the beginning of each period most of the 


determinations are averaged for the “ 8 to 12 
year ” group and the last determination used for 
the “ 12 to 16 year ” group. 

Influeuce of types of clearance. There must be 
considered the comparative significance cif 
different types of urea clt 
mum ” or “ standard ” (1 
ance with the practice of 1 ^ ^ 

calculated for corrected u\ \ 
of 2 cc. per minute, C* \ 1 — ^ 

Some workers have insisf \ — - 

clearances are more relial 1 

clearances. Analysis of th 
the control group shows that 1 
clearances are considered (tl, 1 

cause there are not enough C< \ 
hour) there are 47 “maxim \ 
mean of 112.1, and 15 “stai 
a mean of 116.2. The e’viden^ \ 
values are entirely comparably 

^^^len the combinations foi^ \ 
the “ test ” used in this stud}' ^ 1 

found that in the control group 1 \ 

combinations (both hours maxin \ 
of 107.5, and 14 C,Cm combir, 1 
first hour, maximum second hoi \ 
of 106.1. This indicates that del \ 


clearances will be “ maximum,” and that “ stand- 
ard ” and “ maximum ” are entirely comparable. 

The difference bei’>--‘“~ *’ 




^ Cn 




;:5Iil35a 


e;li§;-.on 
'=^2;;;^___-.,yke’s 
7 -’"adults, 
the same 

62 children 
""duplicate results 




£ feSSSS 






Pa}*ne and 

-riewhat similar studies on 

wMgSo ^ile to our control group. 

— '* the average for children is 


g;i£iS.=t'ror the adult and also that the 



most cases fall is also greater 

'y^is against (80 to 120), Inasmuch as 
asc^^^^^-ndney has passed the minimal threshold 
^^“u.^’arded as normal, the upper limit has no 
clinical interest, and since the lower limit 


oucides with the adult value, it has not been 

aeemed adnsable to use a different normal for 

children.” It should be noted that the method of 
— ' recording observations by Pa}’ne and Shukiv' was 
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TABLE II 

Urea clearance values in children who had acute hematuric nephritis following an acute infection 


Clearance (C) data 


Subject 

number 

Age 

Sex 

Height 

Weight 

1 

Blood 

urea 

1st period 

2nd period 


Urine 

C, 

Urine 

■ 

c 

average 

Urea 

B 

Vcor. 

Urea 

B 

Vcor. 

■ 







mgm. 

tngm» 

cc» 

CC. 

per 

tngm. 

CC. 

CC. 

per 

per 


years 


inches 

pounds 


per 

per 

per 

per 

cent 

per 

per 

per 

cent 

cent 






months 

100 cc. 

100 cc. 

minute 

minute 

normal 

100 cc. 

minute 

minute 

normal 

normal 

104-2 

18 

F 

59 

90 

3-5 

25.8 

258 

■nri 

4.42 

59 

185 

5.03 

6.33 

61 

60 

187 

7 

M 

44.5 

45 

2-7 

31.5 

1378 

EEl 

1.15 

87 

241 

2.97 

6.30 

64 

76 

188 

EEl 

F 

48 

58 

3-4 

21,4 

362 

■Ea 

3.50 

79 

184 

3.62 

6.66 

76 

78 

80-2 

18 

F 

62.5 

90 

7-0 

17.9 

245 

3.90 

4.52 

84 

186 

4.47 

5.18 

72 

78 

101 

8 

F 

50 

50 

1-0 

12.5 

114 

3.79 

6.59 

80 

239 

1.72 

2.99 

76 

78 

88-3 

12 

F 

64 

100 

1-10 

20.0 

790 

1.32 

1.49 

89 

418 

2.43 

2.75 

76 

83 

103 

10 

M 

56 

64 

-11 

27,1 

205 

5.71 

8.34 

84 

335 

3.57 

5.21 

85 

85 

90-2 

13 

F 

52 

69 

3-0 

20.4 

459 

1.82 

2.95 

88 

231 

3.45 

5.59 

84 

86 

149 

18 

M 

65 

116 

6-0 

29.0 

900 

2.63 

2.84 

118 

442 

2.52 

2.72 

55 

87 

97 

11 

F 

54 

58 

1-6 

16.9 

298 

2.58 

3.90 

92 

204 

3.45 

5,21 

84 

88 

76 

7 

F 

47 

53 

4-0 

23.9 

585 

1.53 

2.94 

96 

768 

0,98 

1.88 

81 

89 

186 

ESI 

M 

61 

111 

2-6 

26.6 

620 

2.42 

3.00 

93 

644 

2.22 

2.75 

89 

91 

176 

lEl 

M 

59.5 

88 

5-2 

20.2 

372 

2.77 

3.63 

89 

199 

5.45 

7.14 

93 

91 

82 


M 

58 

97 

6-0 

26.6 

935 

1.51 

2.10 

99 

325 

3.75 

5.21 

85 

92 

183 

D 

F 

51 

54 

4^ 

22.6 

276 

3,63 

6.13 

100 

164 

5.08 

8.59 

83 

92 

174 

9 

F 

50 

52 

1-2 

20.7 

250 

3,40 

5.92 

95 

186 

4.25 

7.40 

89 

92 

S9-2 

■Cl 

M 

53 

57 

-7 

30.2 

360 

3.96 

6.26 

100 

633 

1.93 

3.05 

85 

93 

112 

9 

M 

53 

65 

3-8 

18.9 

529 

1.58 

2.53 

95 

458 

1.78 

2.85 

92 

94 

196 

■Cl 

F 

50 

60 

3-8 

19.9 

625 

1.47 

2.54 

107 

190 

3.67 

6.35 

81 

94 

75-6 

9 

M 

53 

68 

1-0 

20.1 

215 

4.42 

6.94 

99 

200 

4.22 

6.63 

88 

94 

92-4 

12 

F 

57 

96 

2-0 

34.6 

753 

2.33 

3.26 

95 

329 

5.42 

7.59 

96 

96 

Qfi 

189 

8 

F 

49.5 

59 

3-6 

21.7 

284 

3.47 

6.14 

107 

158 

4.98 

8.81 

85 

90 

94 

9 

M 

48 

54 

1-4 

24.0 

428 

2.41 

4.53 

108 

290 

2.88 

5.41 

87 

yo 

os 

83 

9 

F 

51 

54 

4-8 

25.1 

472 

2.57 

4.37 

109 

391 

2.45 

4.17 

87 

yo 

inn 

102 

9 

M 

50 

50 

1-3 

23.3 

303 

3.23 

5.68 

99 

238 

4.17 

7.34 

100 

lv\J 

151-2 

14 

M 

56.5 

86 

3-0 

21.5 

614 

1.73 

2.47 

94 

217 

5.47 

7.82 

105 

100 

100 

179-2 

14 

M 

67.5 

129 

6-8 

31.2 

1694 

0.93 

0.96 

98 

1260 

1.78 

1.83 

1U2 

101 

177 

13 

M 

56 

75 

4-6 

18.5 

200 

4.52 

6.55 

95 

230 

4.45 

6.45 

10/ 

101 

185 

18 

M 

70.5 

144 

4-0 

19.5 

505 

3.37 

3.17 

109 

656 

2.18 

20.5 

92 

101 

89 

13 

F 

58.5 

81 

5-0 

15.9 

348 

2.66 

3.59 

105 

196 

4.40 

5.94 

9/ 


99 

9 

F 

51 

63 

1-1 

29.4 

738 

2.10 

3.55 

119 

400 

2.78 

4.70 

85 

102 

102 

4-2 

6 

M 

40.5 

43 

-7 

22.8 

229 

3.50 

7.74 

104 

164 

4.72 

10.43 

luu 

103 

63 

12 

M 

55.5 

74 

2-3 

25.2 

882 

1.38 

2.03 

95 

690 

2.07 

3.04 

111 

f\7 

103 

72-3 

9 

M 

47 

46 

1-3 

24.2 

391 

2.67 

5.18 

112 

544 

1.60 

3.10 

yo 

111 

104 

69-3 

13 

M 

66 

125 

5-6 

25.8 

480 

3.65 

3,87 

96 

312 

6.50 

6.89 

111 


100 

4 

M 

41 

39 

2-7 

16.6 

126 

5.00 

11.85 

120 

185 

2.62 

6.21 

92 

i i 1 

106 

106 

194 

12 

F 

56 

84 

4-0 

20.1 

328 

3.18 

4.64 

101 

212 

5.40 

7.88 

ill 

QQ. 

107 

191 

11 

F 

55 

95 

4-8 

15.1 

870 

0.93 

1.39 

126 

293 

2.28 

3.42 

04. 

107 

73 

12- 

M 

59 

100 

3-0 

32.0 

1582 

1.29 

1.70 

120 

595 

2.87 

3.79 

1 1/^ 

108 

3 

9 

M 

50 

62 

-1 

23.4 

1993 

0.23 

0.40 

100 

1672 

0.45 

0.78 



111 

11 

F 

52 

59 

3-0 

21.9 

728 

1.57 

2.54 

113 

293 

3.57 

5.78 

103 

09 

108 

109 

98 

5 

M 

41.5 

36 

1-2 

14.0 

275 

1.94 

4.52 

119 

100 

4.48 

10.44 

103 

109 

95 

16- 

iM 

68 

143 

5-0 

22.0 

430 

4.27 

4.38 

114 

1092 

1.2l 

1.24 

100 


5-3 

14 

F 

60.5 

107 

1-8 

24.9 

1345 

1.11 

1.41 

119 

375 

3.93 

4.99 

100 


165 

9 

iM 

50 

57 

1-8 

25.1 

1364 

0.81 

1.40 

119 

190 

5.73 

9.9/ 


no 

8 

F 

48 

50 

2-11 

15.7 

605 

1.20 

2.26 

116 

162 

4.00 

7.52 

10-1 

99 

110 

111 

67 

10 

F 

51 

60 

2-4 

25.0 

813 

1.67 

2.82 

122 

230 

4.77 

8.00 

105 

112 

74-9 


M 

51 

65 

-1.5 

27.3 

573 

2.38 

4.24 

119 

242 

5.00 

8.9U 

92 

114 

107 



40.5 

35 

-11 

28.0 

2005 

0.43 

1.03 

135 

464 

1.73 

4. * 0 

98 

114 

85-2 



63 

99 

1-3 

30.5 

3359 

0.34 

0.40 

129 

1252 

1.40 

1. 00 





Time since acute symptoms. 
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TABLE n (conltnued) 












Clearance (C) data 





Subject 

Ate 

Sex 

Height 

Weight 

T . S . A . S .* 



Ist period 



2nd period 



nucibcr 

Blood 

urea 


Urine 


c, 


Urine 


Cj 

c 

average 

' 







Urea 

n 

Bi 

Urea 

n 



91 

years 

4 

F 

inches 

39 

founds 

34 

years, 

months 

1-8 

mgrri, 

ter 

100 cc, 

1 23.9 

mgm. 

per 

100 ce. 

2434 

cc. 

per 

minute 

0.26 

cc. 

per 1 
minute 

0.65 

per 

cent 

normal , 

152 

mzm. 

per 

100 cc. 

749 

cc. 

per 

minute 

0.71 

cc. 

per 

minute 

1.78 

fer 

cert* 

normal 

78 

per 

cent 

ncrrtcl 

115 

121-2 

8 


48.5 

56 

-2 

20.8 

340 

2.62 

4.82 

105 

243 

4.42 

8.13 

127 

116 

71 

8 - 

F 

47 

51 

2-7 

21.3 

I 1790 

0.33 

0.64 

124 

444 

1.97 

3.84 

107 

116 

108 

12 

F 

58 

75 

5-4 

21.6 

278 ! 

5.55 

7.60 

130 

301 

3.98 

5.45 

101 

116 

105-2 

13 


54 

70 

2-2 

17.4 

570 ! 

1.77 

2.73 

119 

269 

3.57 

5.50 

113 

116 

190 

7 

iM 

42.5 

43 

3-3 

17.7 

160 1 

5.03 

11.32 

136 

98 

5.80 

13.05 

96 

116 

166 

9 

F 

SO 

58 

1-3 

19.2 

355 

2.82 

4.91 

121 

182 

S.IO 

8.87 

112 

117 

113-3 

12 

F 

62 

95 

3-6 

15.4 

202 

5.73 

6.99 

122 

245 

4.35 

5.31 

113 

118 

64 

7 

M 

45 

46 

1-8 

25.9 

1154 

0.95 

2.00 

119 

180 

6.22 

13.06 

121 

120 

169 

9 

F 

50 

50 

3-0 

16.8 

456 

1.93 

3.36 

122 

166 

5.20 

9.05 

119 j 

121 

93 

11 

M 

60.5 

98 

1-6 

19.2 

1532 

0.55 

0.70 

124 

1270 1 

0.75 

0.95 

119 i 

122 

181 

17 

M 

68.5 1 

142 

9-6 

24.5 

\SU 

1.21 

1.20 ! 

130 

1389 1 

1.17 

1.16 

113 1 

122 

197 

14 

M 

63 

99 

8-8 

16.6 

1663 

0.49 

0.57 

140 

626 

1.80 

2.09 

105 

123 

168 

5 

F 

^ 42.5 

40 

3-0 

16.7 

400 

1.52 

3.91 

125 1 

239 

2.55 

6.55 

125 

125 

66 

5 

F 

^44 

47 

1-0 

23.7 

232 

4.65 

10.14 

132 

254 

3.85 

8 J 9 

120 

126 

184 

19 

M 

69 

129 

II-O 

28.4 

2987 

0.52 

0.50 

138 

1747 

1.02 

0.99 

113 

126 

2-3 

11 

M 

58 

88 

1-6 

23.0 

334 

5.10 

6.99 

136 

397 

3.73 

5.11 

117 

127 

193 

7' 

M 

44.5 

42 

1-4 

26.0 

3452 

0.20 

0.43 

161 

472 

1.83 

3.97 

96 

129 

173 

15 

M 

64.5 

147 

3-0 

27.9 

2070 

0.88 

0.99 1 

137 

588 

3.94 

4.40 

124 

131 

81 

12 

M 

56 

71 

5-0 

34.3 

3618 

1 

0.38 

0.54 j 

144 

2816 

0.42 

0.61 

119 

132 

65 

15 

.M 

60 

93 

3-4 

19.1 

477 

3.40 

4.39 

146 

240 

5.50 

7.10 

119 

133 

86 

14 

M 

62 

91 

4-8 

27.9 

2457 

0.71 

0.87 

152 

1126 

1.80 

2.20 

119 

136 

109 

6 

F 

44 

44 

5-4 

17.3 

1711 

0.34 

0.73 

157 

338 

2.12 

4.56 

119 

138 

79 

12 - 

• M 

54 

78 

4-0 

26.2 

1936 

0.80 

1.24 

152 

526 

3.02 

4.68 

125 

139 

106 

11 

M 

55 

78 

4-7 

24.1 

2373 

0.51 

0.76 

159 

318 

4.56 

6.84 

120 

140 

180 

m 

M 

51 

67 

5-0 

22.4 

566 

3.32 

5.58 

188 

287 

4.17 

7.01 

120 

154 

192 

13 

M 

56 

73 

4-6 

29.0 

2703 

0.59 

0.87 

161 

2800 

0.51 

0.75 

155 

158 

ISO 

7 

M 

48 

51 

2-0 

32.7 

610 

4.58 

8.47 

211 

547 

2.95 

5.46 

122 

167 


not similar to ours since they apparently reported 
the incidence of determinations rather than, as we 
did, the number of children examined. They also 
gave urea preliminary to the test in order to in- 
sure maximum clearance. However, their results 
are in agreement with our conclusions. 

Holt (4) called attention to the greater varia- 
bility of the augmentation limits in children and 
suggested that this might be a serious limitation 
to the usefulness of the test in children. The 
present data indicate that, for children over 4 
years, this suggested limitation does not hold. 
We have not studied children under 4 years of 
age but Schoenthal, Lurie and Kelly (5) reported 
that in 9 normal infants urea clearance values cor- 
responded to those of normal adults. 

It would appear, therefore, that the blood urea 


clearance test of renal function is as applicable to 
the study of renal damage in children as it is in 
adults and that the range and distribution of 
values are similar. 

The group with a history of acute hematuric 
nephritis. The data for these children are given 
in Table II and summarized to show the distribu- 
tion of clearance values in the lower histogram of 
Figure 1. 

It is evident at once that the second purpose of 
this study, namely, to determine whether there is 
any evidence of consistently occurring residual 
damage that is detectable by the clearance test in 
children with a history of hematuric nephritis, is 
answered in an unequivocal manner. That is to 
say, the mean and distribution of the test values 
of this group are indistinguishable from those of 
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the control group. (See Figure 1.) It is espe- 
cially significant tliat the value for standard devia- 
tion of this group, like that of the control group, 
indicates a “ stable universe.” 

While it seems clear that in this group as a 
whole the ability of the kidneys to excrete urea 
is essentially normal there were several children 
who had moderately low clearance values and who 
merit special consideration. See below under 
“ Clinical Discussion.” 


that one month may be arbitrarily selected as the 
time when the immediate effect of the acute stage 
had ceased. The data were accordingly divided 
on the basis of intervals since cessation of acute 
symptoms of 1 month to 1 year; 1 to 5 years; 
and 5 years or more. It appears (Table III) 
that there is no significant variation between these 
sub-groups. The mean for the sub-group "1 
month to 1 year ” of 104.2 is somewhat less than 
the mean for the whole group but the difference 


TABLE in 


Biometric analysis of urea clearance tests 


History of acute hematuric nephritis 

No evidence of kidney damage 


Sub- 

jects 

Mean 

C 

Standard 

deviation 

Sub- 

jects 

Mean 

C 

Standard 

deviation 

Entire group 

78 

i>er cent normal ! 

109.1 ± 1.5 

19.2 ± 1.0 

62 

■per cent normal 

107.3 ± 1.4 

15.9 ± 1.0 

Age, years 

4- 8 

8-12 

12-16 

16-1- 

16 

33 

24 

6 

116.9 ±3.3 
106.1 ± 2.0 
111.5 ±2.4 

96.7 ± 6.1 

19.7 ± 2.3 

17.3 ± 1.4 

17.3 ± 1.7 

22.2 ± 4.3 

14 

35 

13 

107.9 ± 2.4 
106.2 ± 1,7 
109.4 ± 3.7 

13.2 ± 1.7 

15.1 ± 1.2 

20.0 ± 2.6 

Boys 

Girls 

45 

33 

113.5 ± 2.0 
103.1 ± 2.0 

19.6 ± 1.4 

17.0 ± 1.4 

42 

20 

108.1 ± 1.7 
lOS.S ± 2.2 

16.5 ± 1.2 

14.4 ± l.S 

CmCm 

CsCm 

CsCs 

Cm 

Cs 

52 

15 

9 

104.7 ± 1.7 

117.8 ±3.3 
122.5 ±3.4 

18.2 ± 1.2 
' 18.7 ± 2.3 

15.3 ± 2.4 

47 

14 

47 

15 

107.5 ± 1.5 

106.1 ± 3.0 

112.1 ±2.0 
116.2 ± 2.5 

15.7 ± 1.1 

16.5 ± 2.1 

1 19.9 ± 1.4 

14.4 ± 1.8 

T.S.A.S.* I 

1-12 months 

1- 5 years 

5+ 

1 

12 

57 

15 

104.2 ± 3.1 

108.3 ± 1.8 
112.5 ±3.5 

16.0 ± 2.2 

20.3 ± 1.3 

19.9 ± 2.5 

i 

1 

1 


■ 

Activity and cardiac lesions 

Bed (includes 6 cardiacs) 

Bath and dining (includes 1 cardiac) 

All heart cases 

Limited and full (includes 6 cardiacs) 

Limited and full (No cardiacs) 

12 

12 

13 

38 

32 

105.0 ± 3.7 

113.8 ±2.8 
111.3 ±3.0 

105.9 ± 1.6 
105.8 ± 1.9 

19.0 ± 2.6 

14.3 ± 2.0 

15.8 ± 2. 

14.8 ± Id 

16.0 ± 1.3 


* Time since acute symptoms. 


Although the distribution histogram of this 
data, which parallels that of the control group, 
suggests that analysis of sub-groups could show 
only minor differences, some of the analyses are 
interesting because of the verj’ lack of influence 
of factors often considered important. 

One of the first questions was that of the in- 
fluence of the time interval since cessation of 
acute symptoms (Table II). From the data of 
the “ acute group,” Table V, it may be concluded 


is not significant. It would, however, be de ni c > 
incorrect to conclude that all traces of acute 
age have always entirely disappeared with>*i o ^ 
month after cessation of the acute symp onis- 
Case 5, for example, showed at three 
definitely lowered clearance which became nor 

after 314 months. , ^ 

At first glance there would appear o 
somewhat greater influence of age on the ce 
ance in this post-nephritic group than in t le 
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rol group, but more careful study shows that 
here is no mathematically significant difference 
lehveen the mean for the age sub-groups from 
our to sixteen j'ears. The number of children in 
he sub-group “ 16 years or more ” is so small (6) 
hat no significance can be attributed to its low 
•alue. 

The difference between mean values for boys 
ind for girls might suggest a sex factor for this 
p'oup. However, the low mean value for the 
jirls is not significantly different from the means 
jf the total of either major group. Moreover the 
iifference between the mean values of the boys 
ind of the girls is not significant by biometric 
:riteria. That is to say, in order for the differ- 
ence of the two means to be significant the value 
of the difference of the means divided by the 
probable error of the difference 

{ ^ Difference \ 

\ Probable error difference / 


should be greater than four (odds 142 to 1), 
whereas the difference between the means of boys 
and girls in this instance is only 3.71. Stating 
this in another way, the odds are only 80 to 1 
that this difference between the means of boys 
and girls is not due to chance alone. 

It is an interesting coincidence that the coef- 
ficients of variation of urea clearance of our cases 
in the two major groups are about 17 w’hich is 
close to the coefficient of variation of the size of 
the healthy kidney, 16.8 (6) . The authors do not 
take this to mean that variations in urea clearance 
are wholly dependent on variation in size of kid- 
neys. 

In both groups of children phenolsulphonphthal- 
ein tests were made coincidently with the clear- 
ance tests. The comparison of the two tests for 
each child showed so little correlation that it does 
not seem worth while to tabulate them. This lack 
of correlation may be due to the fact that the dye 


Addilional data on those children of the group voith a history of hematuria nephritis svho had either a relatively lom clearance or 

other symptoms of kidney abnormality 


Ase T.S.A.S.t Urine 


Urea dearance 

Blood 

urea 

nitrogen jjt 2nd Aver- 
penod period age 


Phenolsnlphonpthalein' 


Concentra- 
tion test 



t Time since acute s>'mptotns. 
Corrected to hourly basis. 
Lashmet and NewburEh. (9). 
© Mosenthai (10). 
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was injected subcutaneously, and the statement 
may not be true for results of intravenous phe- 
nolsulphonphthalein injections or of the fractional 
test (Shaw (7), Chapman and Halsted (8)). 

Clinical discussion. Additional data are re- 
corded in Table IV concerning six children who 
had clearance values below 85 (first six cases of 
Table II) or had evidence suggestive of kidney 
disease despite the normal clearance value. (See 
Cases 179, 69 and 5.) 

Three of the children (Cases 80, 187 and 188) 
had no symptoms suggestive of kidney damage. 

It should be noted that in five of these six chil- 
dren with relatively low clearance there was a 
comparatively small difference between the succes- 
sive hourly clearance values (exception 187). 
This in itself is probabl}'^ without significance but 
if associated with continuously low or decreasing 
clearance values, it may possibly be considered 
evidence of loss of flexibility of kidney function. 

The urine of three children (Cases 104, 101 and 
88) contained albumin. In one of these three 
(Case 88) the albuminuria yas of the orthostatic 
type and the kidney was able to concentrate the 
urine to a specific gravity of 1.027. 

The last three children listed in Table IV (179, 
69 and 5) had clearance values well within the 
normal range but had albuminuria on at least one 
examination. In only one (Case 69) is there gen- 
eral evidence for a diagnosis of chronic nephritis. 
He had had a constant albuminuria with few or 
no casts in the urinary sediment. His systolic 
blood pressure ranged from 120 to 160; it has 
been as high as 140 since the last examination 
noted in Table IV. In addition his kidneys were 
unable to concentrate urine to a specific gravity 
of more than 1.020. While he had had no mani- 
fest edema, on several occasions there were fluc- 
tuations in weight of 6 to 8 pounds. 

None of the children listed in this table is in- 
capacitated. It is planned to follow the future 
progress of all of them. 

DETERMINATION OF UREA CLEARANCE VALUES OF 

PATIENTS WITH ACUTE HEMATURIC NEPHRITIS 

In Table V are given the data for the children 
who were studied during the acute stage of hema- 
turic nephritis. All but two (Cases 152 and 161) 
were studied also during and after convalescence. 


Five cases are included (5, 59, 121, 160, 164) for 
which there are no data during the acute stage. 

The manner in which the kidneys recover from 
the acute attack is shown clearly in this table. It 
is apparent that, in general, the clearance value 
has usually returned to the normal zone within 
one month, although there are exceptions (see 
Cases 5 and 160). In Case 5 the clearance was 
only 49 three months after acute symptoms had 
ceased, but after four months the clearance was 
normal. In Case 74 there was a stormy course in 
the hospital wdtli a second acute attack following 
rheumatic infection three months after admission 
to the hospital. 

The data for this group demonstrate the useful- 
ness of the clearance test for determining the ex- 
tent of initial damage to the kidneys and for 
ascertaining when the function of the kidney has 
been restored to normal. 


SUMMARY 


1. The blood urea clearance values were deter- 
mined in a group of 62 children who had no evi- 
dence of kidney disease. The results are analysec 
biometrically. The distribution and mean values 
corresponded to those of normal adults. 

2. Similar studies were made in a group of / 
children with a history of acute hematuric nephri- 
tis. The distribution and means of the urea 
clearance values coincided with those from 
group in which there was no history of l<idne> 
damage. There is evidence that most of these 
children had no residual kidney damage due o 
their acute condition. 

3. Data are given for the clearance values n 

ing the acute stage of, and convalescence ro’n, 
hematuric nephritis. In the majority o . 

kidney function had returned to normal wi 
one month after cessation of the acute syrnp o 

4. The two types of clearance values, nia. 
mum” and “standard,” appeared to be entire, 

comparable. 
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TABLE V 

Urea clearance values in children during the acute stage of, and convalescence from, hematuric nephritis 


Subject 

number 

Vge 

Sex 

height \ 

Vcight 

Time 

since 

onset 

T.S.A.S.t 

Clearance (Q data 

Blood 

urea 

1st period 

2nd period 

C 

(av.) 

Urine 

Cl 

Urine 

1 

Urea 

V 

^’cor. 

Urea 

B 

Vcor. 








nsm. 

mfirt. 

cc. 

cc. 

per 

rr.gm. 

cc. 

cc. 

per 









per 

per 

fer 

per 

cent 

per 

per 


cent 

per 


vrcrr 


inches 

''ounds 



100 

100 

min^ 

min- 

r.OT* 

100 

min- 

mtn- 

nor- 

cent 








cc. 

cc. 

ute 

ute 

mcl 

cc. 

ute 

ute 

mcl 


74-1 

7 

M 

51 

58 

13 da. 

(acute) 

216 

711 


0.15 

2 

25 hour specimen 

2 

2 

2 



51 

61.5 

18 


111.8 

608 

1.64 

2.77 

20 

456 

2.10 

5.o5 

19 

20 

3 




69.5 

20 “ 

C( 

54.7 

711 

0.20 

IHI«! 

14 

617 

1.37 

2.32 

35 

25 

•4 




61 

23 " 

** 

39.1 

811 


1.12 

41 

639 

1.04 

1.76 

40 

41 

5 




58 

26 " 

3 da. 

28.3 

795 


1.18 

57 

611 

1.39 

2.35 

68 

63 

6 




56 

31 “ 

8 “ 

30.4 

821 

1.08 

1.83 

68 

731 

1.50 

2.54 

80 

74 

7 




55 

40 " 

17 “ 

31.2 

1127 

0.32 

0.53 

49 

903 

1.40 

2.37 

92 

71 

8 




56 

51 “ 

28 " 

26.2 

1829 

0.37 

0.62 

102 

784 

2.14 

3.62 

144 

123 

9 



51 


67 

44 •• 

27.3 

573 

2.38 

4.24 

119 

242 

5.00 

8.90 

105 

112 

10 



51 


31 “* 

28 " 

28.7 

665 

2.67 

4.51 

139 

737 

2.25 

3.78 

129 

134 

75-1 

s 

M 

51.5 


18 da. 

(acute) 

19.9 

270 

1.60 

2.67 

48 

220 

2.60 

4.34 

64 

56 

2 





21 “ 

2 da. 

27.1 

541 

1.23 

2.05 

55 

268 

2.44 

4.07 

54 

55 

3 





26 “ 

7 ** 

23.9 

653 

1.31 

2.19 

80 

538 

1.44 

2.40 

72 

76 

4 



52 

58 

35 “ 

16 “ 

25.0 

335 

2.40 

3.98 

WBm 

286 

3.55 

5.89 

90 

81 

5 





47 “ 

28 “ 

24.6 

1810 

0.63 

IKtJg 

■F3 

238 

3.22 

5.35 

69 

104 

6 

9 


53 


13 mo. 

12 mo. 

20.1 

215 

4.42 

6.94 


200 

4.22 

6.63 

88 

94 

162-1 

8 

F 

54 


5 da. 

(acute) 

120.1 

1050 

0.39 

0.59 


1201 

0.43 

0.66 

15 

14 

2 





11 “ 

28.5 

709 

0.61 

0.94 

44 

253 

2.60 

4.00 

47 

46 

3 





18 “ 

«< 

51 

873 

0.33 

0.51 

23 

715 

1.42 

2.19 

41 

32 

4 





25 “ 

6 da. 

41.7 

1621 

0.46 

0.71 

61 

557 

2.42 

3.73 

67 

64 

200-1 

8 

F 

50 

48 

2 da. 

(acute) 

54.5 

401 

L75 

3.05 

30 

339 

1.63 

2.84 

22 

24 

2 




46 

7 “ 

** 

38.5 

243 

3.73 

6.49 

50 

227 

3.62 

6.30 

50 

53 

3 




48 

12 •• 

3 da. 

38.1 

317 

2.92 

5.08 

56 

203 

4.32 

7.52 

53 

55 

4 




47 

21 “ 

12 " 

24.9 

253 

3.55 

6.18 

84 

161 

4.95 

8.61 

73 

80 

134-1 

14 

M 


107 

8 da. 

(acute) 

32.8 

1075 

0.43 

0.49 

42 

1192 

0.62 

0.71 

57 

50 

2 



63.5 

98 

14 “ 

44.5 

986 

1.35 

1.55 

51 

967 

1.50 

1.73 

53 

52 

3 




97 

22 “ 

7 da. 

29.5 

1290 

1.18 

1.36 

94 

760 

2.37 

2.73 

94 

94 

159 

12 


59 

78 

10 da. 

(acute) 

23.6 

246 

2.63 

3.50 

49 

252 

2.57 

3.42 

49 

49 

198-1 

9 

F 

53 

54 

13 da. 

(acute) 

43 

1388 

0.35 


44 

693 

1.97 

3.09 

66 

55 

2 



53.5 

67 

5 mo 

41mo. 

30.8 

3005 

0.37 

0.59 

139 

1012 

1.24 

1.95 

85 

112 

161 

7 

F 

47 

42 

13 da. 

(acute) 

27.6 

1162 

0.19 


48 

530 

0.73 

1.44 

43 

46 

152 

5 

M 

41 


14 da. 

(acute) 

37.1 





140 

3.55 

8.38 

42 

42 

170-1 

5 

M 

45.5 


14 da. 

(acute) 

31.5 

217 

1.12 

2.28 

21 

180 

0.49 

1.01 

11 

16 

2 





21 •* 

1 da. 

25 

1286 

0.41 

0.84 

87 

1277 

0.35 

0.72 

80 

84 

114-1 

7. 

5 F 


43 

24 da. 

(acute) 

47 

490 

3.50 

5.92 

82 

396 

2.83 

4.78 

53 

68 

2 



50.5 

46 

63 " 

35^0 da. 

30.5 

1609 

0.62 

1.06 


284 

3.24 

5,54 

69 

85 

121-1 

8 

M 



68 da. 

30 da. 

23.9 

1236 

0.35 


76 

1030 

1.07 

1.93 

111 

94 

2 



48.5 

56 

3 mo 

2 mo. 

20.8 

340 

2.62 

4.82 

105 

243 

4.42 

8.13 

127 

116 

164 

2. 

5 F 

36 


11 da. 

5 da. 

15.5 

556 

1.15 

3.22 

154 

158 

2.79 

7.81 

106 

130 

59-1 

9 

M 

52 

53 

29 da. 

15 da. 

25 

509 

2.16 

3.50 

95 

625 

1.33 

2.15 

72 

84 




53 

57 

71mo 

. 7 mo. 

30.2 

360 

3.96 

6.26 


633 

1.93 

3.05 

85 

93 

160 

14 

F 

62 

94 

54 da. 

39 da. 

19.3 

773 

0.17 


33 

408 

1.78 

2.16 

61 

47 

5-1 

12 

-M 

57.5 

95 

4 mo 

3 mo. 

21 

256 

1.65 

2.31 

38 

512 

1.23 

1.72 

59 

49 




57.5 

97 

4i 

3J “ 

27 

1557 

0.82 

1.15 

115 

410 

4.73 

6.62 

134 

125 




60.5 

liH 

21 “ 

20 “ 

24.9 

1345 

l.ll 

1.41 

119 

0/0 

3.93 

4.99 

100 

no 


* Since second acute attack. f Time since acute symptoms. 
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KIDNEY FUNCTION DURING NORMAL PREGNANCY 

I. THE INCREASED UREA CLEARANCE OF NORMAL PREGNANCY 

By MARGARET NICE 

{From Ihe Laboratory of Maternity Hospital and the Department of Biochemistry, School of 
Medicine, IVestcrn Reserve University, Cleveland') 

(Received for publication May 23, 1935) 


With the advent of urea and creatinine clear- 
ance tests as measures of kidney function, the 
possibility of more closely associating the etiologj' 
of the toxemias of pregnancj’ with renal pathol- 
og>’ was reopened. Thus, Standee, Ashton and 
Cadden (1) undertook an investigation of renal 
function in the toxemias of pregnancj' and deter- 
mined the urea and creatinine clearance rates, in 
conjunction with a number of other tests of kid- 
ney function, on 65 women in various stages of 
pregnancy. Thej' found no important variations 
in normal pregnancj' or in the low reserv’e kidney 
of pregnancy. However, both clearances were 
subnormal, at from 55 to 80 per cent, in nephritic 
toxemias (Standee’s classification (2)). Cadden 
and McLane (3) extended these studies on 343 
pathological pregnancies, using urea and creati- 
nine clearance and the phenolsulphonephthalein 
tests of kidney function, and concluded that only 
urea clearance was sufficientlj' sensitive to dif- 
ferentiate chronic nephritis from the other toxe- 
mias of pregnancy. Their antepartum averages 
were: for 9 cases of normal pregnancj', 122.7 per 
cent; for 90 of low reserve kidnej-, 101.7 ; for 87 
of nephritis, 75.3; for 17 of preeclampsia, 84.4; 
and for 4 cases of eclampsia, 54.7 per cent. Hur- 
witz and Ohler (4) , in 103 tests performed in the 
ninth month of pregnancy, found urea clearance 
values from 90 to 140 per cent, averaging 127 
per cent, in normal pregnancy, and from 26 to 
84 per cent in eclampsia, chronic nephritis and 
the late toxemias of pregnancy. There were a 
few high values in the last two groups. Cantarow 

^ An abstract of this paper appears in the April, 1933, 
Proceedings of the American Society of Biological 
Chemists, J. Biol. Chem., 1935, 109, p. xicc. 

- The data presented in this paper are taken in part 
from the thesis submitted by Margaret Nice to the Grad- 
uate S(*ool of Western Reser^'e Universitj', June, 1934, 
in partial fulfillment of the requirements for the degree 
of Master of Sdence. 


and Ricchiuti (5) determined 44 urea clearance 
rates on 39 cases of normal pregnancj*. Seven 
w'ere in the third, fourth and fifth months, 4 in 
the sixth, 5 in the seventh, 3 in the eighth, and 
25 in the ninth month of pregnancy. Their clear- 
ance values varied from 28 to 184 per cent and 
appeared to fall from an average of III per cent 
in the third month to 59 per cent in the ninth 
month. In some recent work Dieckmann (6) 
found urea clearance decreased to averages below 
50 per cent in patients with toxemia, hj-pertension 
or nephritis during the latter half of pregnancy. 
For normal pregnancj* it averaged 102.3 per cent 
in 27 tests before deliverj' and 124.5 per cent in 
10 tests immediatelj' followng delivery. 

From these investigations it is apparent that 
the functioning level of the kiduQ* during normal 
pregnancj' must be more definitelj' established be- 
fore its measurement during the toxemias can 
be of real value. A greater niunber of measure- 
ments should be repeated in series throughout 
normal pregnancies. The urea or the more diffi- 
cult creatinine clearance test offers the most suit- 
able method of accomplishing this end. Since 
Hayman, Halsted and Sej'Ier (7) have found the 
results of the two tests completely comparable, the 
urea clearance appears to be the most practical 
test of kidney function available. Accordingly, 
the present work was undertaken to establish the 
changes of urea clearance rate through as long 
periods of normal pregnancy as possible. 

IIETHODS 

A series of urea clearance tests, determined by 
the method of Moller, McIntosh and Van Slj'ke 
(8), was run on each of 13 normal pregnant 
women at intervals of two or three weeks. Sev- 
eral tests were obtained as early as the third and 
fourth months of gestation and as late as the 
eighth month postpartum. The tests were carried 
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out in the morning after a light breakfast, the 
latter being considered by Hayman (9) to have 
no effect upon urea excretion. No coffee or 
medication was permitted. The patients were 
kept in a sitting posture and given enough water 
to insure maximum clearance. Two one-hour 
urine specimens were collected by voiding, and 
one blood sample was drawn at the end of the 
first hour. 

The blood and urine urea nitrogen determina- 
tions were made by the urease-aeration-titration 
method of Van Slyke and Cullen (10), using 4 
cc. of blood or 0.5 cc. of urine. The urine am- 
monia nitrogen was similarly measured on one or 
2 cc. of urine and subtracted from the urine urea 
nitrogen. From these results the standard or 
maximum clearance was calculated with correc- 
tions for body size as suggested by McIntosh, 
Moller and Van Slyke (11). The clearances 
were calculated in per cent of the normal values 
given by Moller, McIntosh and Van Slyke (8), 
the average of each pair being reported. No high 
results were recorded unless the two tests from 


which they were averaged checked within 10 per 
cent of their average. 

Since the blood urea is lower in pregnancy than 
in the nonpregnant normal, the urea clearance 
was estimated before and after feeding urea in 
order to determine whether there was a change in 
the clearance values when the blood urea was 
brought to normal or above. Thus 10 or 20 
grams of urea were given to each of 7 pregnant 
women after a blood and urine specimen had been 
taken for a preliminary one hour test. Following 
a one half hour interval the second test was 
started. Blood samples were taken at the begin- 
ning and the end of this hour, and a one hour 
urine specimen collected. The urea contents of 
the last two blood samples were usually within 
10 per cent of each other, and were averaged for 
the calculation of the second clearance. 

RESULTS 

The results are collected and summarized in 
Table I. The antepartum urea clearance rates 
range from 80 to 286 per cent, the postpartum 


TABLE I 

Urea clearance rales during normal pregnancy and pnerperinm 


Case 

num- 

ber 

Para 

Age 

Months of pregnancy 

Months of puerperium 

3 

4 

5 


6 


7 

71 

8 

8i 

9 

2 

4 

6 

8 



years 




per cent of Van Slyke's nonpregnant normal 




per cent 


1 

III 

23 







97 

113* 


184 

116 





2 

I 

19 

80 

198 


117 

89 

140 


92 

127 

200 


83 

86* 



3 

IV 

31 





168 


150 

188 

123 

254 

117 


126* 

95 

11/ 

4 

III 

25 





164 

136 


247 


144 



80 



5 

I 

22 




97 


95 


122 

162* 

148 

140 


113* 

103 














107 






6 

I 

26 



204 

118 


181 

179 

155 

no 

102 

111 

108 

90 

103 


7 

I 

19 



227 

206 




153 

130 

163 


97 




8 

I 

21 





136* 


130* 

162* 


286 

134* 



69 


9 

I 

25 

i 








126 


91 



101* 


10 

IV 

32 


130 


139 



158 

158 

155 

111* 

125 

66 

77 



11 

I 

IS 




152 

123 

106 

185 

118 


111 

182 

127 

86* 



12 

I 

18 






137 

140 

151* 

185* 

160 

203 

118 

61 


99 

13 

I 

20 









154 


108 




yi 


Non- 

presnant 


Means (trimester) 145.5 

Mean 

Standard deviation 

Probable error of the mean 

Difference 

Probable error of the difference 


154.0 


153.0 

45.0 

3.5 


95.5 

18.0 

2.6 


57.5i 

4.3 


per cent 

96 

. 120 
83 
117 

108 

97 
120 
109 

95 

91 

101 

117 


105.0 

12.0 

2.5 


9.5t 

3.6 


* Standard clearances. . . . .^ r> « fiO) 

t If the difference is over 4 times the probable error of the difference, it is significant, Uunn /. 
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from 61 to 120 per cent, and tlic nonpregnant nor- 
mals from 82 to 120 per cent. A statistical analy- 
sis, according to the procedures outlined by Dunn 
(12), shows that the variations of urea clearance 
from month to month during pregnancy are not 
significant; nor is the slight increase of 8.5 per 
cent from the second to the third trimester. The 
antepartum mean of 153 per cent, however, is 
significantly higher than the postpartum mean of 
95.5 per cent or the nonpregnant mean of 105,0 
per cent. The last two values are not significantly 
different and closely approximate Van Slyke’s 
normal of 100 per cent. This establishes a defi- 
nitely increased urea clearance rate during nor- 
mal pregnane}’, which is independent of the prog- 
ress of pregnancy. 

The standard deviation of 45 for the ante- 
partum values is much larger than that of IS for 
the postpartum results, or of 12 for the non- 



Fjg. 1. The REi_\Tro.vsHip Betwee.v the 
Urea Clear,\xce Rates axd the Blood Ure.\ Xiteocex 
Values of Pregnakcy. 

® Antepartum O Nonpregnant 

A Postpartum — Mean urea clearance 


pregnant normals. This wide variation occurs 
also in the rates for each individual. 

The antepartum blood urea nitrogen values 
were low, averaging 7.7 mgm. per 100 cc., and 
showed a definite tendency to increase from an 
average of 6.2 mgm, in the third month to one of 
8.3 mgm. in the ninth. The postpartum average 
was normal at 12.0 mgm. The relationship of the 
low antepartum blood urea to the high clearance 
is observed by plotting maximum clearance rates 
against their respective blood urea nitrogen val- 
ues, as was done in Figure 1. The curve of the 
means of the clearances at successive blood urea 
levels indicates a rough inverse proportionality 
between the two. 

When the blood urea nitrogen was raised by 
feeding urea, the same increased clearance rates 
were found in the second hour tests w’ith the high 
blood urea nitrogen as in the first hour tests where 
it was low (Table 11). 


table II 

Urea clearance rates before and after feeding urea 




[ Blood urea 

j nitrogen 

Urea clearance 
rates 

Case 

number 

Month of presnano* 

i 

i Before 
feeding 
urea.^ 

-After feed- 
ing urea* 
(Average 
of 2 deter- 
mications) 

Before 

feeding 

urea* 

After 

feeding 

urea* 

21 

8 

Tngm. 

t^crlOO 

cc. 

10.2 

mgm. per 
100 cc. 

18.2 

per 

ccr.i 

167 

per 

cer.l 

161 

22 

8 

5.6 

16.8 

140 

136 

25 

4 

9.6 

19.8 

no 

148 

24 

9 1 

9.6 

18.8 

119 

152 

25 

9 

9.2 

20.6 

104 

60 

26 

7 


28.5 

196 

186 

27 

9 

7.8 

29.1 

135 

107 

N-I 

Nonpregnant 

12.7 

21.8 

101 

134 


Nonpregnant 

9.2 

17.7 

125 

115 


* Patients 21 to 25, inclusive, and N-1 and N-2 re- 
ceived 10 grams of urea before the second test; 26 and 
27 received 20 grams. 


DISCUSSION 

With the exception of the reports of Cantarow 
and Ricchiuti (5) and of Dieckmann (6), these 
results are in agreement with similar work of 
other investigators. The high urea clearance rate 
of pregnancy has been indicated by both Cadden 
and ^klcLane (3) and by Hunvitz and Ohler (4). 
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The urea feeding experiments uphold the conclu- 
sions of Van Slyke et al. (13) and of Taylor, 
Drury and Addis (14), that urea clearance is 
unaffected by the blood urea level. 

The low antepartum blood urea nitrogen values 
have been found previously by other workers (4, 
15) and could be considered as the result of an 
increased excretion of urea. This interpretation 
is emphasized by the concurrence of the high 
antepartum urea clearance values with the low 
blood urea. 

The standard deviation of 45 for the urea 
clearance rates of pregnancy appears to be an 
exaggeration of the normal nonpregnant clearance 
variation, which was first pointed out by Bruger 
and Mosenthal ( 16) . This exaggeration parallels 
the increase in the clearance rate for pregnancy. 

Conclusions cannot be adequately drawn from 
the present work until the daily variation of kid- 
ney function during pregnancy has also been es- 
tablished. Work along these lines is now in 
progress, and further discussion is reserved until 
a later paper. 

SUMMARY 

The urea clearance test was run 93 times on 
13 normal pregnant women from the fifth month 
of pregnancy to the eighth month postpartum; 
10 times on 4 normal nonpregnant women; and 
also before and after feeding urea to 7 pregnant 
women. 

The mean antepartum urea clearance found is 
153 per cent of normal. This is significantly 
higher than the postpartum mean of 95.5 per 
cent, or than the mean of 105 per cent for the 
nonpregnant normals. The standard deviations 
for the three groups are 45, IS and 12, respec- 
tively. 

The rough proportionality between the low 
blood urea and the high urea clearance of preg- 
nanc}’’ is of considerable interest and suggests the 
dependence of the former upon the latter. 

Raising the low blood urea by feeding urea did 
not alter the high urea clearance. 

I am indebted to Dr. Edward IMuntwyler for 
advice and criticism throughout this work. 
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Recently high-carbohydrate, low-fat diets have 
been widely advocated for diabetic patients (3, 
17, 20, 23, 24, 30, 36, 48, 52). As arguments for 
this therapy it has been claimed that hypercholes- 
terolemia is of grave prognosis in diabetes and 
that high fat diets may superinduce hj'perlipemia. 
The following investigation was undertaken to 
determine the incidence of hypercholesterolemia 
in diabetes, to study the relation of the cholesterol 
level to that of fatty acids and phospholipoids in 
blood serum, and also to learn whether diets mod- 
erately high in fat such as are used in this clinic 
give rise to hyperlipemia. 

MATERIALS AND METHODS 

The serum, from venous blood taken before the 
morning insulin or breakfast, of 79 different dia- 
betic patients, 20 males and 59 females of all ages, 
has been examined 130 times for cholesterol, li- 
poid phosphorus and non-phospholipoid fatty 
acids by methods already described (37, 38). 
The percentage errors of the analytical techniques 
have been discussed preUously (37, 38, 40). In 
almost eveiy^ instance serum proteins (11) and 
blood sugar (4, 54) were determined simul- 
taneously. No studies which were made when 
the patients were dehydrated, acidotic, pregnant, 
postpartum, or had been treated with intravenous 
injections of acacia are included. 

DATA 

Data are given in Table I. Insulin dosage and 
protein, fat and carbohydrate intake indicate the 
requirements and food consumption of the pa- 
tient for at least four or five days preUous to the 
blood study. Whenever there was any doubt 
that the diet had been followed adequately, the 
term “ unregulated ” has been used. The blood 
of many of these patients was examined the 
morning after admission to the hospital, and un- 
less there was an exact record of the diet the 


regimen was condemned to the “unregulated” 
categoiy. Brief protocols concerning each patient 
are presented at the end of the paper. Notes are 
included where there were eUdences of h3-per- 
tension or arteriosclerosis, the latter being judged 
b\' evidences of sclerosis in the ej'egrounds and 
extremities, cardiac enlargement and decompensa- 
tion. Blood pressures were observed on all pa- 
tients, not alwaj-s on the da^- of the blood stud^', 
but when the subject was neither unduly excited 
nor in circulator}' embarrassment. In addition to 
the actual bod}' weight, the impression of nutri- 
tional state is described. Any evidences of liver 
patholog}' or enlargement, or of kidney pathology, 
are included, but neither organ is mentioned im- 
less an abnormalit}' was discovered. The albu- 
min and globulin in the serum of more than half 
the patients were determined. In most instances 
any alteration in total protein was due to a ■v'aria- 
tion in albmnin, but in certain cases when the 
albumin : globulin ratio was abnormal the con- 
centrations of the fractions are included. 

Cases have been grouped according to the con- 
centration of cholesterol in the serum. Whenever 
this fluctuated the study used for classification 
was selected -when the condition of the patient was 
most nearly normal or when the cholesterolemia 
had attained a constant level. The table includes 
first the patients who exhibited h}'percholestero- 
lemia, secondly those with h}'pocholesterolemia 
and lastly those with normal cholesterolemia. 
The first subdivision of the h}'percholesterolemia 
group includes subjects ^'ith greatly ele\'ated 
cholesterols or v-ith flagrant complications; and 
the second group, those relatively uncomplicated 
diabetics whose serum cholesterols were between 
250 and 304 milligrams per cent. An attempt has 
been made to arrange the subjects so that those 
with similar complications are listed together. In 
the group with normal cholesterolemia the first 
thirteen patients had no eUdent complications. 


579 



580 


EVELYN B. MAN AND JOHN P. PETERS 


TABLE I 


Case 

number 

1 

Date 

Serum i 

1 

Blood 

sugar 

In- 

sulin 

Diet 


Lipoid 

plios- 

phorus 

Non- 

phospho- 

lipoid 

fatty- 

acids 

Total 

fatty 

acids 

Protein 


Fat 1 

Car- 

bohy- 

drate 

1 


mgm. per j 
100 cc. 1 

vtgm, per 
100 cc. 

VI. eq. 

^ in. eq. 

per cent 

mgm. per 
100 cc. 

untls 

grams 

i grams 

grams 


A. HYPERCHOLESTEROLEMIA 


1. Severe hypercholesterolemia and patients with severe complications 


A8513 

November 11, 1932 

421 

18.2 

48.9 

60.7 

6.23 

240 

115 


November 19, 1932 

335 

17.7 

62.0 

73.4 

6.78 

216 

150 


November 25, 1932 

459 

21.7 

80.1 

94.1 

6.96 

189 

205 


November 26, 1932 

389 

19.5 

65.2 

77.8 


176 

220 


December 

6, 1932 

410 

18.3 

48.2 

60.0 


182 

270 


December 

12, 1932 

395 

21.1 

67.1 

80.7 

6.97 

183 

160* 


December 20, 1932 

326 

16.0 

56.2 

66.6 

6.50 

180 

245 

A10517 

March 

31, 1933 

290 

12.9 

17.7 

26.0 

7.13 

138 



April 

7, 1933 

271 

11.3 

13.5 

20.8 


150 

30 


January 

10, 1934 

225 

10.7 

12.9 

19.8 

7.26 

163 

30 

5496 

March 

21, 1933 

238 

11.1 

12.9 

20.0 

5.38 


15 


April 

12, 1933 

289 

12.1 

14.2 

22.0 

5.25 


15 

A1231 

January 

10, 1934 

358 

14.3 

13.4 

22.6 

4.83 

167 

20 


January 

23, 1934 

258 

11.3 

12.3 : 

19.5 

4.27 

243 

15 


February 

28, 1934 

321 

14.0 

16.4 

25.4 

3.93 


20 


March 

5, 1934 

414 

15.6 

18.6 

28.7 

4.53 


15 


March 

26, 1934 

520 

17.1 

18.7 

29.7 

3.61 


40 


April 

18, 1934 

620 

20.7 

28.2 

41.5 1 

4.74 

254 

30 


May 

10, 1934 

684 

24.7 

37.6 

53.5 

4.51 


IS 


May 

31, 1934 

456 

19.8 

27.6 

40.4 

4.57 


SO 


June 

21, 1934 

423 

' 14.6 

22.2 

31.6 

4.98 


50 

17383 

November 

2, 1933 

280 

12.0 

14.5 

22.2 

7.67 

252 

0 


November 

7. 1933 

307 

11.8 

14.9 

22.5 

7.71 

271 

0 


November 16, 1933 

1 269 

11.8 

14.8 

22.4 

7.75 

270 

0 

70975 

February 

26, 1934 

355 

13.9 

10.1 

19.1 

6.57 


0 

A31776 

October 

28, 1933 

288 

12.7 

16.0 

24.1 

6.31 

331 

135 

A9255 

January 

5, 1933 

194 

10.4 

19.7 

26.4 

6.33 

341 

240 


March 

16, 1933 

515 

18.5 

38.3 

50.2 

6.53 

362 

200 


March 

27, 1933 

514 

21.7 

35.1 

49.1 



200 


April 

27, 1933 

444 

I 22.3 

35.2 

49.6 


345 

215 


June 

15, 1933 

355 

‘ 14.3 

18.6 

27.9 

' 6.70 

355 

230 


July 

21, 1933 

384 

15.8 

22.6 

32.7 

6.34 

417 

170 


March 

23, 1934 

366 

16.5 

19.5 

30.2 

6.96 

387 

125 


February 

5, 1935 

382 

20.4 

36.6 

49.8 

6.87 

138 


A8380 

October 

29, 1932 

281 

14.3 

14.2 

23.5 



60 


November 17. 1932 

386 

17.2 

20.5 

31.5 



60 

A30304 

May 

4, 1933 

615 

21.1 

15.4 

29.0 

5.81 

293 

5 


May 

10, 1933 

465 

15.8 

12.4 

22.6 

5.59 

266 

100 


May 

19, 1933 

371 

17.9 

11.3 

22.9 

5.90 

339 


AS2638 

January 

5, 1935 

239 

11.6 

10.9 

18.5 

7.17 


25 


January 

25, 1935 

270 

1 14.1 

11.1 

20.2 

6.64 


A53920 

April 

12, 1935 

312 

13.1 

13.5 

22.0 

6.90 


0 

69743 

April 

16, 1935 

340 

15.4 

11.1 

21.0 

6.65 


60 

A32114 

November 

1, 1933 

513 

16.4 

18.7 

29.2 

5.68 

277 

0 


November 

4. 1933 

374 

14.2 

12.0 

21.2 

5.22 


90 


November 10, 1933 

258 

10.8 

9.3 

16.2 

5.32 

282 

85 


November 17. 1933 

260 

11.5 

8.9 

16.3 

5.43 

273 

70 

34878 

August 

30, 1933t 

296 

14.3 



5.88 

137 

60 

1898 

March 

30, 1933 

306 

11.3 

11.3 

18.6 

6.52 

176 

25 

A9112 

January 

16, 1933 

213 

11.6 

8.4 

15.9 

7.29 

240 

1 15 


January 

26, 1933 

272 

13.1 

10.5 

18.9 



oU 


Februarv 

1, 1933 

270 

13.5 

8.8 

17.6 


232 

50 

A7358 

September 23, 1933 

276 

12.1 

11.9 

19.7 


355 

125 


Seotember 28. 1933 

304 

13.1 

11.3 

19.8 

7.07 

325 


36671 

May 

20, 1933 

391 

15.1 

16.9 

26.7 

6.58 

294 

20 


70 125 125 

70 125 125 

90 150 125 

90 150 125 

90 150 125 

90 150 125 

90 150 125 

— Unregulated— 
68 I 85 I 86 

— Unregulated 


25 

29 

50 

48 

59 

81 

78 

66 

83 
106 

84 


51 

72 

105 


43 
76 
108 
91 
126 
160 
137 
96 
161 
147 

, 119 . 

■Unregulated 
50 I 125 I 125 
57 I 132 1 135 

— Unregulated— 


81 

124 

117 

101 

147 

137 

127 


70 

70 

90 

90 

90 

90 

90 

80 


150 

125 

175 

175 

175 

175 

175 

175 


125 

150 

150 

150 

140 

140 

140 

140 


Vomiting 

70 I 175 I SO 

Unmeasured 

70 I 125 I 100 


90 

50 

90 

SO 

80 

80 

70 

70 

70 

100 

100 

80 

80 


200 
60 
200 
Starvation 

175 
175 
175 
125 
125 
150 
150 
150 
ISO 
150 


250 

60 

150 

ISO 

150 

ISO 

125 

125 

125 

125 

125 

175 

175 


Unregulated 


• Beef insulin. 
t3 P.M. 
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TABLE I — Continued 




Serum 



Diet 

Case 

number 

Date 

Cholesterol 

Lipoid 

phos- 

phorus 

Non- 

phospho- 

Upoid 

fatty’ 

acids 

Total 

fatty' 

acids 

Protein 

Blood 

sugar 

In- 

sulin 

Protein 

Fat 

Car- 

bohy*- 

drate 



mgm. per 
100 u. 

mgm. per 
100 u. 

m. eq. 

eq. 

! 

per cent 

mgm. per 
100 u. 

units 

grams 

grams 

grams 


2. Mild hypercholesterolemia 


2854 

Februarj’ 21, 1933 
February’ 24, 1933 
March 9. 1933 

245 

245 

273 

n 

14.9 

12.8 

13.4 

21.6 

19.4 

20.3 

6.76 

205 

212 

163 

75 

30 

1 1 

— Unregulated — 

68 1 140 1 143 

70 1 150 1 150 

33222 

Mav 

17, 1933 

270 


8.1 

15.9 

7.47 

233 

40 

— Unregulated — 

33580 

June 

27, 1933 1 

274 

1 

11.7 

18.7 

6.19 

196 

10 

— U nregulated — 

A9452 

Februar\- 

8, 1933 

270 

12.3 

10.7 

18.6 


209 

10 

70 1 125 [ 125 

A14006 

February 

7, 1933 

265 

10.4 

14.0 

20.7 


149 

45 

— Unregulated — 

A30212 

April 

27, 1933 

304 

12.2 

9.4 

17.3 

7.95 

121 

25 

68 i 140 1 93 

A31035 

July 

14, 1933 

244 

11.0 

16.8 

23.9 

7.00 

179 


— Unregulated — 


Tulv 

21. 1933 

261 

10.1 

9.0 

15.5 

6.76 

285 

25 

70 1 125 [ 125 

A32422 

December 2. 1933 

277 

12.7 

11.7 

19.9 

6.93 

222 

0 

— Unregulated — 

A53097 

March 

9, 1934 

287 

11.0 

7.9 

15.0 

6.60 

160 

0 

70 j ISO j 125 


B. HYPOCHOLESTEROLEMLA. 


29923 

March 21, 1934 

117 

6.2 

6.4 

10.4 

5.17 



1 i 

— Unregulated — 

33395 

March 14, 1934 

85 

6.0 

3.0 

6.8 

4.69 

no 


— Unregulated — 

46000 

April 2, 1934 

51 

3.8 

1 3.2 

5.6 

4.72 

51 


— Unregulated — 


April 23, 1934 

92 


5.0 

8.7 

5.99 


10 

30 

1 44 

118 

A8983 

December 29, 1932 

119 


8.6 

15.0 

6.05 

217 


— Unreeulated — 


December 31, 1932 

150 

11.2 

7.5 

14.8 

6.36 

127 

60 

79 

146 

118 


January 6, 1933 

135 

8.8 

7.5 

13.2 

5.60 

150 

50 

81 

125 

174 


February 14, 1933 

149 

7.5 

7.7 

12.4 

7.12 

128 


no 

125 

220 

A9017 

1 December 31, 1932 

139 

7.1 

6.6 

11.2 

6.37 

312 


— Unregulated — 

A30909 

1 June 29, 1933 

117 


4.5 

8.1 

6-39 

97 


— U nregulated — 

A32215 ’ 

November 15, 1934 

90 


9.7 

14.4 

4.87 

207 


Carbohydrate 










restricted 




i 






(unmeasured) 


December 29, 1934 

122 

8.2 

11.3 

16.6 

5.58 

108 

20 

45 

1 99 

1 91 

A326S5 

December 27, 1933 

105 

6.0 

5.2 

9.1 

5.09 

151 


— Unregulated — 

A32829 

January 14, 1934 

83 

5.8 

6.8 

10.5 

5.01 


15 

Only fruit juice and 










beef broth 


January’ 15, 1934 

80 

5.1 

5.6 

8.8 

4.70 

362 

i 

1 





C. NORMAL CHOLESTEROLEMIA 
I. Uncomplicated diabetics 


29176 


36052 

43494 

45815 

60404 

A6028 

A14670 

A26960 

A31733 

A32622 

A33706 

A368S3 

A42040 


March 

21, 1933 

216 

11.4 

16.8 

24.2 

6.40 

375 


May 

13, 1933 

194 

9.8 

10.4 

16.8 

5.95 

446 

100 

May 

16, 1933 

197 

10.4 

10.9 

17.6 

5.87 

446 

80 

beptember 19, 1933 

224 

10.2 

13.0 

19.6 

7.37 


0 

July 

7, 1933 

248 

9.5 

9.5 

15,7 

7.12 

231 

10 

October 

28, 1932 

209 

11.4 

10.5 

17.9 

6.56 

275 

85 

January 

3, 1933 

155 

7.5 

10.3 

15.2 

5.63 

425 

60 

October 

11, 1932 

212 

9.4 

6.4 

12.5 

14 

July 

8, 1933 

195 

7.3 

6.5 

11.1 

6.65 

230 

June 

23, 1933 

168 

7.5 

8.4 

13.2 

7.22 

186 


Septembe 

r 23, 1933 

220 

9.5 

9.9 

16.1 

7.04 

0 

January 

4, 1934 

253 

11.4 

11.2 

18.5 

6.43 

196 

35 

April 

25, 1934 

236 

11.2 

8.4 

15.6 

5.98 

198 

40 

February 

24, 1934 

207 

10.4 

6.5 

13.2 

6.98 

254 

25 

May 

29, 1934 

188 

8.4 

7.0 

12.4 

6.25 

218 

55 


— Unregulated — 
70 125 I 125 
70 125 125 


— Unregtdsted — 
— UnregAJlated — 


70 

90 

90 


125 

150 

125 


150 

151 
200 

— Unregulated — 
— ^Unregulated — 
Restricted 


carbohydrate 


60 

100 

125 

70 

170 

125 

90 

200 

200 

71 

120 

99 

Unre^lated until 


May 25 
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TABLE I — Continued 




Serum 

1 



Diet 

Case 

number 

Date 

Cholesterol 

1 

Lipoid 

phos- 

phorus 

Non- 

phospho- 

lipoid 

fatty 

acids 

Total 

fatty 

acids 

Protein 

Blood 1 
sugar 

In- 

sulin 

1 

i 

Protein 

Fat 

Car- 

bohy- 

drate 



vtgm. per 
100 cc. 

mgm. per 
100 cc. 

tn, eq. 

m. eq. 

per cent 

mgm. per 
100 cc. 

units 

grams 

grams 

grams 


2. Complicated diabetics 


963 

April 29, 1933 

247 

12.7 

9.6 

17.8 

7.25 

278 

0 

5105 

April 12, 1933 

200 

8.1 

7.6 

12.8 

6.50 


35 

18576 

‘ February 8, 1933 

249 

10.8 

10.4 

17.3 



0 

29503 

January 16, 1934 

263 

11.1 

9.0 

16.1 

5.86 

240 

40 


February 19, 1934 

165 

8.3 

6.7 

12.1 

6.04 

224 

10 


March 13, 1934 

248 

11.4 

10.4 

17.7 

5.72 

288 

10 

34442 

June 27, 1933 

206 

9.9 



7.16 

285 


36572 

December 18, 1933 

152 

7.8 

5.2 

10.3 




40992 

June 28, 1933 

183 

8.1 

7.4 

12.6 

6.30 


10 

15096 

February 6, 1934 

250 

10.7 

8.2 

15.1 

6.51 


27 

58487 

February 18, 1933 

210 

10.0 

10.6 

17.1 


220 

45 

61682 

January 16, 1933 

170 

9.2 

6.1 

12.1 

6.74 

232 

30 

79627 

February 3, 1934 

155 

8.8 

7.7 

13.3 

6.94 

129 

0 

83790 

November 2, 1932 

169 

8.9 

9.4 

15.2 


243 

0 

83896 

March 1, 1933 

232 

14.9 

16.7 

26.3 


80 



March 3, 1933 

226 

11.8 

13.5 

21.1 

6.23 

259 

55 


March 14, 1933 

255 

10.2 

11.5 

18.1 

7.96 j 

195 

65 

85804 

June 2, 1933 

208 

1 

8.2 

7.1 1 

12.4 

1 

5.97 

1 

0 

90339 

November 4, 1932 

142 

8.0 

9.6 

14.8 

5.S0 

302 

40 

94028 

February 22, 1934 

175 

9.1 

7.9 

13.7 

7.86 

185 

0 

96675 

December 28, 1933 

234 

10.0 

10.3 

16.7 

6.15 

123 

0 

j 

A7948 

November 3, 1933 

161 

8.U 

1 9.5J 

14.7 

6.01 

138 


ASS 17 

November 14, 1932 

226 

10.7 

10.9 

17.8 

1 


25 

A9315 

February 21, 1933 

252 

*9.6 

9.0 

15.2 




A15928 

April 4, 1933 

208 

9.5 

8.4 

14.5 

6.67 


15 

A2905I 

September 8, 1933 

189 

9.0 

9.6 

15.4 

6.95 

246 

45 

A30054 

April 12, 1933 

210 

9.8 

9.2 

15.0 



0 

A30790 

June 20, 1933 

148 

7.5 

11.6 

16.4 

7.17 

229 

60 

A30940 

July 19, 1933 

154 

8.8 

7.2 

12.9 

6.03 

381 

80 


September 12, 1933 

204 

8.5 

6.8 

12.2 

6.51 

273 

80 

i 

September 29, 1933 

220 

10.5 

7.6 

14.4 

7.29 

321 

85 

A32367 

December 5, 1933 

201 

8.7 

9.9 

15.5 

6.70 


50 

A32692 1 

April 10, 1934 

223 

9.7 

11.1 

17.4 

6.94 


IS 

A33062 

February 9, 1934 

195 

8.7 

7.9 

13.5 

7.08 

290 


A34635 

July 14, 1934 

191 

8.0 

6.7 

11.7 

5.80 

120 

0 


I One determination. 


— Unregulated— 
80 135 121 

46 41 38 

80 150 130 

21 SO 70 

0 0 0 

— Unregulated— 
— Unregulated— 
— Unregulated — 
— ^Unregulated— 
-Unregulated — 


91 

44 


200 1 126 
79 


- . 39. 

•Unregulated— 
— Unregulated 


60 


99 


99 

60 I 100 I 101 

Carbohydrate - 
restricted 

70 150 125 

70 100 125 

70 150 100 

(Diet poorly 

regulated) 

— ^Unregulated— 

64 1 111 1 86 

— Unregulated-— 

75 I 125 I 50 

—Unregulated— 

67 I 99 I 10 

—Unregulated— 


176 
250 
225 
75 

, 120 

—Unregulated 

80 I 175 I 173 


79 

100 

100 

27 

53 


125 

165 

165 

77 

133 


In Figures 1 and 2, cholesterol is compared with 
non-phospholipoid fatty acids and with lipoid 
phosphorus respectively. Only one determination 
from each of the seventy-nine patients has been 
included. Whenever a long series of studies has 
been made the final determination has been se- 
lected because most patients were best regulated 
at the time of the last study. The range of nor- 
mal values is indicated on each chart by an en- 
closed area. 


OBSERVATIONS 

frequency of hypercliolesterolenno 

Of the 79 patients, serum cholesterol was 

tl in 42, above normal in 28, and below n 

9. The normal range for serum cholesterol 

isidered to be 150 to 256 milligrams p 

8), although at present an 

:de to ascertain whether the range 

the same as that for males. Such an - 
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Fig. 1. Reiatiok Beto-een Cholesterol and Nox-phospholipoid Fatty Acids of Sehuii. 

Only the last determination from each subject is given. The square defines the limits of normal variation. 


shows that hypercholesterolemia in diabetes is less 
frequent than is generally supposed. Of the 28 
patients with hypercholesterolemia all were fe- 
males, e.xcept ttvo (A8513, A10517) with liver 
cirrhosis, one (/0975) with nephrosis, and one 
(A53920) with vasomotor instability, even though 
about 27 per cent of the patients studied were 
men. 

Of the first nineteen patients who had hyper- 
cholesterolemia of considerable severity, all but 
three had complications which may have been 
largely or entirely responsible for the lipoid dis- 
turbance. Two (A8512 and A10517) were suf- 
fering from cirrhosis, which is notoriously asso- 
ciated with disorders of cholesterol metabolism 
(18, 55). Four (5496, 17383, 70975, A1231) 
had severe kidney disease, the ttvo last with 
frankly nephrotic aspects. A31776, at the time 
of the recorded observations, had a generalized 
-xanthomatous eruption. The next seven cases 


make up a rather peculiar group. The first, 
A9255, had acromegalic diabetes with extreme 
sjTnptoms of autonomic instabilitj', suggesting in- 
volvement of the hypothalamus : nervousness, 
flushing, excessive sweating and tachycardia. In 
addition, her basal metabolism was greatly in- 
creased and remained elevated after subtotal thy- 
roidectomy. A32114, A30304, A8380, A52638, 
A53920 and 69743 exhibited similar symptoms 
and signs of sympathetic irritability without defi- 
nite stigmata of pituitary disease. The basal 
metabolisms of the last five were also increased, 
and that of A52638 failed to respond adequately 
to thjToidectomy, imtil five weeks after the last 
determination of blood lipoids which had been 
made ten days after the second operation of a 
two-stage thj’roidectomy. A32114 had subsisted 
for some time on an extremely limited diet. Since 
the hj’percholesterolemia subsided within nine days 
under treatment, it may have been connected with 
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Fig. 2. Relation Between Cholesterol and Lipoid Phosphorus. 

Only the last determination from each subject is given. The square defines the limits of 
normal variation. 


some acute disturbance of undiscovered nature. 
The patient had shown large amounts of acetone 
in the urine (2 -f to 4 + ) for the two days after 
admission to the hospital and prior to the initial 
blood study. Of the next two patients, 34878 had 
Parkinson’s disease, while 1898 had diabetes in- 
sipidus. 

For the hypercholesterolemia in the three re- 
maining cases of the first group no distinct com- 
plications can be held responsible. A9n2 had 
pernicious anemia and vague symptoms of vaso- 
motor instability, such as slight tachycardia and 
unstable carbohydrate metabolism. A7358, a 
child of 13, was studied after recovery from 
severe acidosis, which had been precipitated by an 
acute exacerbation of a chronic purulent otitis 
media. 


Most of the nine patients, all females, m 

ext group with moderate hypercholesterolemia 
resented minor complications : cataracts, re mi ■ , 

lolelithiasis, infections, etc. 2854 might eas ) 
s included in the normal group, but as her 
sterol rose with improvement from 240 o - 
lilligrams per cent, the latter was f 
lirest criterion of her “ normal ” cho es er 
JI the patients in this group were frankly 
'eight or somewhat overnourished. 

Hypocholcsterolcmla 

A8983, one of the 9 patients with 
rolemia, had hypertrophic cirrhosis ^ 
ad should be omitted from the spnes 
irrhosis may, according to eitliei" 

hannhauser and Schaber (55), 
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elevation or diminution of cholesterolemia. This 
leaves eight patients with striking hypocholestcro- 
lemia. All were markedly emaciated or malnour- 
ished, often with low serum albumin and massive 
edema, like that of A32215 who had been on a 
fluid diet for six days following an appendectomy 
complicated by peritonitis. 

Cholesterolemia as a criterion of lipemia 
In Figure 1 cholesterols have been charted 
against non-phospholipoid fatU’ acids. Immedi- 
ately it is apparent that the fatty acids may be 
distinctly above the nonnal maximum, even when 
the cholesterol is not. The number of cases in 
which this occurs is much greater than the num- 
ber of cases in which a h\-pernormal cholesterol is 
associated with fatty acids within the normal 
range. Also the fatty acids may be within tlie 
normal range when the cholesterolemia is below 
normal, although normal cholesterol has not been 
found with subnormal fattj' acids. The independ- 
ence of variations in cholesterol and fatty acids 
has already been discussed in a previous article on 
diabetic acidosis (40) and is in contrast to the 
findings of certain other investigators (7, 9, 15, 
27, 46, 47, 59). 

That the concentrations of cholesterol and lipoid 
phosphorus in blood serum bear a distinct relation 
to each other is clearly demonstrated in Figure 2. 
This has already been suggested by Bloor (8). 
A graphic comparison of cholesterol and total fatty- 
acids shows only lack of correlation, like that be- 
tween cholesterol and non-phospholipoid fatty- 
acids. This might easily be deduced from a study 
of Figures 1 and 2. Similarly it may be argued 
from these same figures that lipoid phosphorus 
and non-phospholipoid fatty acids may vary in- 
dependently. 

DISCUSSION 

The statistical correlation between lipraid phos- 
phorus and cholesterol in blood serum is quite 
close. Although the correlation between serum 
cholesterol and fatty acids is far less regular, 
there is a general tendency to correlation, which is 
e-videnced in the fact that no markedly elevated 
fatty acids were found in the groups with choles- 
terol normal or belo-\v normal, and that fatty adds 
were consistently above normal in those with 
marked hj-percholesterolemia. For these reasons 


generalizations in this discussion in regard to cho- 
lesterolemia and phospholipoidemia are applicable 
also to lipemia. No attention has been given to 
ratios of lipoid constituents because of the tmeer- 
tainty concerning the functional relationship of 
the various fractions. It is not surprising in light 
of the differences in constitution and properties 
of fatty acids and cholesterol, that in spite of the 
general correlation between these two substances 
independent variations are observed. Such dis- 
similar substances must be metabolized by differ- 
ent processes. For example, a marked increase 
in serum fatty' adds after the ingestion of food 
is not accompanied by a rise in serum cholesterol 
(2, 5, 6, 7, 13, 14, 19, 26, 33, 41). Similarly, the 
increase in fatty adds in diabetic addosis far ex- 
ceeds the elevation of cholesterol (40). In Fig- 
ure 1, in which cholesterol and non-phospholipoid 
fatty acids are compared, the lack of correlation 
is partially masked because the non-phospholipoid 
fatty adds have not been corrected for the frac- 
tion combined with cholesterol. In the cholesterol 
esters about seventy per cent of the cholesterol 
(10, 18, 35, 45, 55) and about half the non- 
phospholipoid fatty acids are chemically combined. 

Our data show that hj-percholesterolemia of 
uncomplicated diabetics did not exceed 304 milli- 
grams per cent, and also that cholesterols between 
250 and 304 milligrams per cent -were only en- 
countered in 9 of 79 diabetics. The explanation 
for the low inddence of h}'percholesterolemia un- 
doubtedly depends on the fact that there have been 
omitted from this series all diabetics with de- 
hydration or addosis. The Justification for such 
omissions rests up)on a previous investigation, in 
which it was demonstrated that dehydration was 
largely responsible for the hv-percholesterolemia 
of diabetic addosis (40) . It has been shown that 
the capillaries are impermeable to both serum pro- 
teins and cholesterol (39) and that hemoconcen- 
tration causes the concentration of both these con- 
stituents to increase. For example, the allevia- 
tion of dehydration of one addotic patient 
(90339), when the serum protdns fell from 7.92 
to 4.87 per cent, would account for a diminution 
of serum cholesterol from 275 to 169 milligrams 
per cent (40). The relation of lipoids to pro- 
teins of serum, and consequently to blood volume, 
in patients without diabetic addosis has already 
been considered (39, 40). In this series, no pa- 
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tient has been included who showed clinical symp- 
toms of dehydration or who immediately after 
hospitalization had a limited urine output in rela- 
tion to fluid intake. Such dehydrated patients 
may have been included in earlier studies of 
diabetic cholesterolemia. Insufficient attention 
may also have been given to the complications 
which so commonly accompany diabetes. 

Especial virtue has been ascribed to the de- 
termination of serum cholesterol as a measure of 
the severity of diabetes. When patients with 
obvious acidosis are excluded, as they are in this 
series, there is no discoverable relation between 
serum cholesterol and the gravity of the disease, 
measured either in terms of insulin requirement 
or carbohydrate tolerance. Most of the patients 
with hypocholesterolemia were extremely ill and 
profoundly emaciated. As a group the patients 
with mild hypercholesterolemia did not require 
excessive amounts of insulin: the maximum re- 
quirement after regulation was 45 units daily, one 
(A53097) required no insulin, two (33580, 
A9452) required only 10 units of insulin daily, 
and two (A30212, A31035) 25 units; while in 
the group with normal cholesterols were 29176 
taking 100 units of insulin daily, 45815 using 85 
units of insulin, A30940 using 80 units, 83896 
using 65 units and A42040 on 55 units. 

It is quite as impossible to relate either choles- 
terolemia or lipemia to fat intake. Within the 
normal range were the fatty acids and cholesterol 
of 61682, A6028, A30940 and A36853, all of 
whom ate 200 grams of fat daily, of A33706 and 
A34635 who had 170 and 175 grams of fat re- 
spectively, and of 45815 and 90339 who had 150 
grams of fat; while of the 9 patients with mild 
hypercholesterolemia, 2 had 150 grams of fat 
daily; 1, 140 grams; 2, 125 grams; and 4, un- 
regulated amounts of fat. A32114, who had been 
on a starvation diet, has been mentioned previ- 
ously. During ten days of a diet consisting of 80 
grams of protein, 175 grams of fat and 150 grams 
of carbohydrate, her cholesterol fell from 513 to 
259 milligrams per cent and her total fatty acids 
from 29.2 to 16.2 milli-equivalents. One week 
later, after continuance on the same diet, her 
lipoids were at precisely the same level. A30940, 
who entered the hospital in July, 1933, in a pro- 
foundly malnourished condition, went through a 


stormy course of pleurisy with effusion and staph- 
ylococcus abscesses of the areolar tissue. On 
July 12, she was placed on a diet containing 175 
grams of fat and 2400 calories, which was later 
increased to a diet containing 200 grams of fat, 90 
of protein and 150 of carbohydrate. About Sep- 
tember 12 this was changed to 250 grams of fat, 
100 of protein and 165 of carbohydrate, and was 
reduced to 225 grams of fat before September 29. 
As the malnutrition was alleviated, in spite of this 
high fat diet, the cholesterol rose only to 204 and 
200 milligrams per cent on September 12 and 29, 
and the fatty acids only to 12.2 and 14.3 milli- 
equivalents on these dates. 

Among cases with rapidly changing diets the 
discrepancy between cholesterolemia and lipemia 
is most marked but is not related to the fat in the 
diet. Hyperlipemia of a mild degree occurred 
simultaneously with normal cholesterols in certain 
patients, 963, 18576, 29176, 29503, 36052, 58487, 
83896, who had been on an unregulated diet or 
who had abandoned a diabetic regimen. A3 1035 
is an outstanding example of this, for before the 
initial study on July 14, 1933, diabetes had not 
been diagnosed and no limitations of diet had been 
prescribed. At this time her fatty acids were 23.9 
milli-equivalents although they fell to 15.5 milii' 
equivalents after seven days on 125 grams of fat 
and 1900 calories. During this interval the cho- 
lesterol did not follow the fatty acids but increased 


from 244 to 261 milligrams per cent. 

The argument which has been advanced in be 
half of high-carbohydrate, low-fat diets, that high- 
fat diets tend to produce hypercholesterolemia, 
has not been substantiated by other investigators. 
Curtis, Sheldon and Eckstein (16) in a case ot 
diabetes with xanthomatosis and lipemia * 
noted a reduction in total blood lipoids from >/ 
per cent to 1.400 per cent on a diet of 55 gn 
of protein, 300 grams of fat and 270 grams 
carbohydrate when sufficient insulin ^ , 

istered to insure aglycosuria and normal oo 
sugar. Rabinowitch (49) reported 500 cases, 
second 250 of which were treated with his n 
low-fat, high-carbohydrate diet. His ^ 
that only 76 on the new diet, in contrast to 
the older, diet, had cholesterols ranging ^ -j 
151 anti 200 milligrams per cent and that on ) 
ot Group II, instead of 40 of Group I, Itad 
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lesterols between 200 and 250 milligrams per cent. 
Whether this reduction in cholesterolemia is im- 
portant is questionable because many investiga- 
tors have found that cholesterols of normal sub- 
jects vaiy within the limit of 150 to 250 milligrams 
per cent. Nevertheless, on this new high-car- 
bohydrate, low-fat diet, 14 patients with choles- 
terolemia of 250 to 200 milligrams per cent were 
obseri'cd, while only 5 were noted in the group 
ingesting the older diet. Similarly 11 of Group 
II, in contrast to 6 of Group I, had serum cho- 
lesterols above 301 milligrams per cent. Bruger 
and Poindexter (12) have found that high-fat, 
high-calorie diets, productive of obesity, are not 
associated with increases in plasma cholesterol. 

The tendency to obesity of the nine subjects 
with slightly elevated cholesterols must be con- 
sidered as peculiar to the individual rather than as 
the result of a large fat intake. It seems prob- 
able that these cholesterols between 250 and 304 
milligrams per cent are more closely related to the 
sex and body build (22, 51, 59) than to the 
diabetic condition. Bruger and Poindexter, while 
studjing cholesterolemia in relation to 94 patients 
who were more than twenty per cent ovenveight, 
had in their series only 4 males, but 90 females 
(12). This seems to indicate that an unusual 
lipoid metabolism, one manifestation of which is 
an elevation in serum cholesterol, may be associ- 
ted with a particular form of obesity often ob- 
served in females. 

Cachexia has long been thought to be accom- 
panied by a low level of cholesterolemia. The 
finding that all of the patients with hypocholestero- 
lemia were extremely emaciated and had low 
serum albumin indicates a distinct relation between 
nutrition and the level of serum cholesterol. To 
demonstrate the converse, that all emaciated pa- 
tients have a low cholesterol, is more difficult be- 
cause the degree of emaciation is hard to define 
and it is difficult to differentiate a person of lean 
build who has lost a little weight from a subject 
with more pronounced tissue wasting. For ex- 
ample, A33706, with a serum cholesterol of 236, 
was extremely thin but showed no muscular wast- 
ing. In spite of her undernourished appearance 
the serum albumin was 4.50 per cent, although it 
has already been shown that severe emaciation is 
attended bj- a diminution in serum albumin (44). 


Again, 61682 was extremely thin but was of a 
spare physique and had a serum cholesterol of 170 
milligrams per cent and an albumin of 4.14 per 
cent, both within the normal range. In the hy- 
percholesterolemia group there are two patients 
( A30304, A321 14) with profound emaciation who 
had cholesterols above normal when the wasting 
was most pronounced. Some unrecognized fac- 
tor may here affect the cholesterolemia, just as 
some unrecognized factors produce hjqiercholes- 
terolemia in nephrosis even when there is pro- 
found malnutrition. 

On account of confliciing observations (1, 21, 
31, 32, 34, 43, 50, 53) in regard to cholesterolemia 
and arteriosclerosis, the clinical picture of every 
diabetic in Figure 1 was scrutinized to evaluate 
the degree of vascular degeneration. Lipoid 
values and blood pressure were also compared. 
It was found that severe arteriosclerosis, with or 
without hypertension, was evident in patients with 
serum cholesterols normal, below normal and 
above normal. 

In all problems connected with diabetes a dis- 
tinction must be drawn beUveen those phenomena 
which are associated only with the distinbance of 
carbohydrate metabolism and those which are 
characteristic of the underlying disease. This is 
the more necessary since it has become evident 
that the pancreas alone need not be held responsi- 
ble for all cases of diabetes. From this point of 
view the chief impression derived from this study 
is that abnormalities of serum lipoids are related 
loosely, if at all, to diabetes. Certainly hj'per- 
lipemia and hypercholesterolemia are not a regu- 
lar part of the diabetic sjmdrome and, when they 
do occur, cannot be connected with the inherent 
severity of the disease, measured by any recog- 
nized criteria. In diabetic addosis a relative or 
absolute hyperlipemia is regularly obseiwed, which 
diminishes or disappears with the addosis. It 
was pointed out in an earlier communication (40) 
that this hj-perlipemia is largely, but not entirely, 
a product of hemoconcentration. During recov- 
ery, the reductions of the mrious lipoid fractions 
were not exactly proportional to one another nor 
to the fall of serum proteins. This suggested that 
these fractions were influenced in part, and to dif- 
ferent degrees, b}- something other than hemocon- 
centration. In general, the relative magnitudes of 
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the reductions took the following order: non- 
phospholipid fatty acids > phospholipids > cho- 
lesterol > protein. This is the order of impor- 
tance conventionally ascribed to these components 
in fat metabolism. The increases in excess of 
the effects of hemoconcentration may, then, rep- 
resent merely the mobilization of fat to meet an 
emergency demand in a condition in which utiliza- 
tion of carbohydrate is reduced to a minimum, if 
not abolished. 

The patients considered in this paper were 
studied in conditions in which, although carbo- 
hydrate tolerance was impaired, they were utiliz- 
ing sugar. To be sure the actual proportion of 
carbohydrate in the metabolic mixtures was less 
than that in the ordinary dietary of normal per- 
sons. But this would seem to have had little in- 
fluence upon lipemia, since this cannot be corre- 
lated with diet in any respect. The amount of 
carbohydrate presumably burned was no greater 
among those with hypolipemia than among the 
hyperlipemic. In treated diabetics, then, it would 
seem necessary to seek the causes of disturbances 
of lipemia in peculiar features of the individual 
patterns of the underlying disease. In a certain 
proportion, adequate explanations for hyperlipe- 
mia can be found in complications or associated 
diseases such as cin*hosis of the liver, nephrosis 
or other renal disorders. 

When these are eliminated it is found that most 
of the remainder with greatly elevated lipoids fall 
into a group that presents one common feature, 
which may be roughl}'' spoken of as instability of 
the autonomic nervous system. This is I'eflected 
also in instability of carbohydrate tolerance, which 
baffles regulation of insulin and diet. In this class 
belong particularly the 10 cases (A925S to 1898, 
inclusive). To define the syndrome further is 
impossible. The basal metabolism was frequently 
above normal. In some instances it failed to re- 
spond to iodine; in others it changed but little 
after thyroidectomy. But these were not common 
characteristics of all cases. For example, under 
iodine therapy the basal metabolism of A53920 
fell from -f 30 to -{- 16 per cent, suggesting sim- 
ple hyperthyroidism. Nevertheless, in this case, 
as in all the others, most of the stigmata of hyper- 
thyroidism were lacking. Moreover, the associa- 
tion of hyperlipemia with hyperthyroidism is 


strangely at variance with the claims of Hurxthal 
(28, 29) and others that serum cholesterol is reg- 
ularly low in this condition. 

Of course, it is conceivable that the hyper- 
lipemia in patients with especially unstable carbo- 
hydrate metabolism is referable to a mobilization 
of fat, similar to that in diabetic acidosis. In both 
instances carbohydrate metabolism is impaired, 
the difference being in degree rather than in kind 
of dysfunction. One argument against this ex- 
planation for the hyperlipemia of diabetics with 
disturbances of the autonomic nervous system is 
that a non-diabetic patient (98201), with a basal 
metabolism of -j- 20 per cent 4 months after 
thyroidectomy and with the same nervous symp- 
toms as A9255 to 1898 (inclusive), had a serum 
cholesterol of 532 milligrams per cent and total 
fatty acids of 44.9 milliequivalents. The hyper- 
lipemia here can not be associated with mobiliza- 
tion of fat, contingent upon impairment of carbo- 
hydrate metabolism. There is much temptation to 
place the onus upon the pituitary, since extracts 
of this gland both diminish carbohydrate tolerance 
and augment thyroid activity. One case, indeed, 
had acromegaly. Moreover, in another acro- 
megalic, without any demonstrable disturbances 
of carbohydrate tolerance or basal metabolism, 
serum cholesterol of 302 mgm. per cent and total 
fatty acids of 18.8 m.eq. were discovered. How- 
ever, in the great majority of cases, it was im- 
possible to implicate the pituitary. In some there 
were symptoms pointing to affections of the mid 
brain (Parkinson’s syndrome, diabetes insipidus, 
etc.), and the nature and degree of automnnc in- 
stability in many was suggestive of hypothalamic 
lesions. It is possible that in the acromegalic 
cases also the hyperlipemia was referable not di- 
rectly to the tumor of the pituitary and hyper 
activity of the acidophilic cells but to encroaci 
ment of these tumors upon subjacent structures 
in the mid-brain. All this must remain mer’ 
speculation until the effects of hypophysis an 
mid-brain on lipoid metabolism are ^tablistie^ 
either by direct experiment or by studies of m ^ 
extensive clinical material. An investigation^ 
both diabetic patients and non-diabetic patieii ^ 
with comparable disorders of the autonomic -} 
tern is now under way. 
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COKCLUSIONS 

Serum has been analyzed for lipoids in 79 dia- 
betic patients, 20 males and 59 females, 'vvho were 
not suffering from acidosis or dehydration. Cho- 
lesterol ^\'as normal in 42, below normal in 9, 
above normal in 28. • 

Cholesterolemia and phospholipoidemia were 
closely correlated. The correlation with serum 
fatty acids was less e.vact, but gross changes in 
one component were reflected in the others. 

Reasons for the low incidence of hyperlipemia 
in this series are discussed. 

The level of serum cholesterol did not appear 
to be related to the severity of diabetes, the fat 
in the diet or the degree of arteriosclerosis. 

Hypocholesterolemia was associated with ex- 
treme malnutrition and h^-poproteinemia. ^ 

Mild hypercholesterolemia was obseired in 
obese females, but appeared to be related to the 
pattern of obesity rather than the diet. 

Severe hj^percholesterolemia was frequently re- 
ferable to complicating conditions. It was foimd 
also in a group of patients who presented insta- 
bility of the vasomotor reactions and carboh 3 -drate 
metabolism. The implications of this observ’ation 
are discussed. 

PROTOCOLS 

A8513, male, aged 67, weight 69.5 kgm. Dia- 
betes, cirrhosis of liver (hemachromatosis?), mod- 
erate hj-pertension (140 to 170/70 to 80), heart 
failure, ascites, edema of legs, bilateral cataracts. 
Icteric index 6, no retention of bromsulphalein. 
In addition, there were some reflex changes and a 
coarse tremor. He proved extraordinarity re- 
sistant to insulin and was seldom entirety free 
from glycosuria. Serum albumin 3.69 to 4.42; 
globulin 2.36 to 2.81 per cent. 

A10517, male, aged 51, weight 113 kgm. 
Alarch 31, 1933, diabetes, slight hypertension 
(162/84), heart failure, chronic emph 3 ’sema, mild 
potyc 3 'themia. Diabetes quite mild. April 7, 
general condition improved. January 10, 1934, 
recurrence of heart failure and acute bronchitis 
with exaggerated potyc 3 -themia. Blood pressure 
normal. Liver distinctty enlarged throughout. 

5496, female, aged 53. Diabetes, malnutrition, 
hypertension (206 to 176/112 to 100), with pro- 
fuse albuminuria, secondary anemia and moderate 
edema, admitted to hospital after a mild cerebral 


vascular accident. The last e.xamination ■was 
made a few days before death. Throughout her 
course in hospital she suffered from a psychosis, 
probabty arteriosclerotic in origin. Serum al- 
bumin 2.86 to 2.55 ; globulin 2,52 to 2.70 per cent. 

A1231, female, aged 54. weight 44.8 to 53.4 
kgm. Diabetes, extremety malnourished, with 
variable amount of edema, profuse albuminuria, 
hypertension (220 to 140/110 to 60), advanced 
retinitis, unexplained abdominal pain wdth vomit- 
ing, pulmonary signs suggestive of tuberculosis, 
but negative sputum. Serum albumin 2.44 to 
2.91 ; globulin 2.39 to 2.07 per cent. Blood non- 
protein nitrogen 44 to 50 milligrams per cent. 

17383, female, aged 50, weight 59.4 kgm. Dia- 
betes, hypertension (230/110). One kidney re- 
moved in 1920; left hemiplegia in 1930. 

70975, male, aged 52, -weight 81 kgm. Dia- 
betes, chronic glomerulonephritis, \rith albumi- 
nuria, without hypertension. Neoplasm of colon. 

A31776, female aged 72, weight 59 kgm. Dia- 
betes, arteriosclerosis with gangrene of toe; after 
mid-thigh amputation, during attack of generalized 
cutaneous xanthomatosis. At the time of the ex- 
amination she had persistent tachycardia, profuse 
perspiration and gh-cosuria despite large doses of 
insulin. There were obrious psychic disturb- 
ances. 

A9255, female, aged 61. Diabetes mellitus, 
acromegaly, bronchial astlima. In addition, there 
was persistent tach 3 'cardia, hypertension, extreme 
vasomotor instability with frequent profuse 
sweats, and the carboh 3 'drate metabolism was so 
unstable that glycosuria could never be eliminated 
entirety without precipitating h 3 'pogtycemic shock. 
The basal metabolism was plus 79 per cent on Jan- 
uary 7, 1933. Subtotal thyroidectomy was per- 
formed on February 4, 1933, but had a negligible 
effect upon the S 3 -mptoms, Subsequent basal 
metabolisms were: February' 17, -r27; February 
24, -f-32; March 9, +27; March 31, 4-31; 
Apri! 25, + 45 ; June 19, + 35 ; December 13, 
+ 32 ; February 6, 1935, ~ 40. In addition, the 
pituitary gland was treated fay x-ray' without ap- 
preciable benefit. Signs of increased intracranial 
pressure were conspicuously lacking throughout. 

A8380, female, aged 50, weight 48 kgm., 
wasted. Diabetes, hypertension (_l75/75), per- 
sistent tachycardia, e.xtreme vasomotor instability 
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with excessive sweating and flushing, chronic urti- 
caria. The carbohydrate metabolism was ex- 
tremely unstable, making insulin adjustment diffi- 
cult. It was impossible to obtain a satisfactory 
basal metabolism because of excessive nervous- 
ness ; an unsatisfactory determination on October 
29 was -j- 36 per cent. There was some sympto- 
matic improvement after iodine therapy. 

A30304, female, aged 50, weight 44.5 kgm. 
Diabetes, extremely wasted, with tachycardia, 
sweating and vasomotor instability, with normal 
blood pressure. One kidney had been removed 
in 1932. Glycosuria could not be completely elim- 
inated without precipitating insulin shock. Basal 
metabolism, May 12, -f- 11 per cent. Serum al- 
bumin 3.98, globulin 1.83 per cent. 

A52638, female, aged 32, weight 47.5 kgm. 
Diabetes ; admitted December 6, 1934, with slight 
bronchopneumonia and signs suggestive of mitral 
stenosis. After recovery from the acute infection 
tachycardia persisted, and the basal metabolism was 
found to be 4* 60 per cent on December 17. Un- 
der iodine it did not fall. Subtotal thyroidectomy 
was performed on January 15, 1935. On Jan- 
uary 29, the basal metabolism was -{- 16 per cent. 
Regulation of glycosuria was extremely difficult. 
There were no signs of hyperthyroidism except 
tachycardia and increased basal metabolism. 

A53920, male, aged 52, weight 92.5 kgm. Mild 
diabetes, hypertension (190 to 168/115 to 98), 
vasomotor instability, excessive perspiration and 
nervousness. In spite of a basal metabolism of 
-{- 30 per cent and a greatly restricted diet, he 
had maintained his weight. The second examina- 
tion was made after two weeks of iodine therapy 
when the basal betabolism was 16 per cent. 

69743, female, aged 52, weight 42.6 kgm. Dia- 
betes, without hypertension, tachycardia or definite 
signs of hyperthyroidism. She failed to gain 
weight on a high caloric diet. Glycosuria was 
regulated with great difficulty. The basal metab- 
olism ranged from -f- 33 to -}- 59 per cent and 
did not respond to iodine therapy. 

A22114, female, aged 70, weight 48 kgm. on 
admission, increasing to 52.4. Diabetes, senile 
cataracts and general arteriosclerosis without hy- 
pertension. Extremely emaciated and dehydrated 
from starvation diet on admission. She had a 


persistent tachycardia, and her carbohydrate me- 
tabolism was quite unstable. 

34878, female, aged 70, weight 57.4 kgm. Dia- 
betes, general arteriosclerosis without hyperten- 
sion. Parkinson’s disease. (This examination 
was made at 3 P.M.) 

1898, female, aged 57, weight 64.5 kgm. Mild 
diabetes, obesity and hypertension (228/116), 
during recovery from acute follicular tonsillitis. 
Developed diabetes insipidus about 8 months later. 

A9112, female, aged 56, weight 57 kgm. Dia- 
betes, mild pernicious anemia, slight tachycardia, 
unstable carbohydrate metabolism. Basal metab- 
olism — 2 per cent. 

A7358, female, aged 13, weight 40 kgm. Dia- 
betes, after recovery from acidosis precipitated 
by an acute exacerbation of a chronic otitis media. 

36671, female, aged 50, weight 62 kgm. Mild 
diabetes, moderate obesity, hypertension (198/ 
100), moderate albuminuria, blood nonprotein ni- 
trogen 28 mgm. per cent. 

2854, female, aged 53, weight 59.5 kp. Dia- 
betes, moderate obesity, mild hypertension (160/ 
90), burns of toes. 

33222, female, aged 61, weight 58.1 kgm. ^ Dia- 
betes, moderate obesity, chronic cholelithiasis and 
cholecystitis, hypertrophic arthritis of spine. ^ 

33580, female, aged 63 weight 75.9 kgm. Dia- 
betes, obesity, cataracts, blood pressure 210 to 
155/95 to 85. 

A9452, female, aged 48, weight 65.8 kgm. 
betes, moderate obesity, hypertension (200 to 
172/120 to 110). 

A14006, female, aged 40, weight 76 kgm. D^' 
betes, obesity. Blood pressure 150 to 126/ 


A30212, female, aged 62, weight 61.1 kgm- 

Diabetes, arteriosclerosis with hypertension ( 
104) and gangrene of toe. 

A31035, female, aged 57, weight 66.3 g^^ 
Diabetes, obesity, arteriosclerosis, blood pros- 
150/94, ulcer of foot. .. 

A32422, female, aged 61. to 

arteriosclerosis, hypertension (240 to ^ 

85), subarachnoid hemorrhage. Lipoi 
minations 12 hours before death. ^ 

A53097, female, aged 59, weight 
Diabetes, obesity, arteriosclerosis with i>l 
Sion (170/90). 
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29923, female, aged 6S. An extremely emaci- 
ated diabetic, one day before death from staphy- 
lococcus septicemia. 

33395, female, aged 55. An e.xtremely emaci- 
ated diabetic, one day before death from staphy- 
lococcus septicemia. Serum albumin 2.67, glob- 
ulin 2.02 per cent. 

46000, female, aged 65. Diabetes, extreme 
emaciation, arteriosclerosis with hypertension 
(170/110) and previous amputation of foot. 
Serum albumin 2.60, globulin 3.39 per cent. 

A8983, male, aged 59, weight 62 kgm. (with 
ascites and edema of legs). Diabetes, cirrhosis 
of liver, emaciated. Serum albumin 2.47, globulin 
3.58 per cent. 

A9017, female, aged 55. Diabetes, extreme 
emaciation, arteriosclerosis without hypertension, 
gangrene of foot, spreading cellulitis, 5 days be- 
fore death. Serum albumin 3.03, globulin 3.34 
per cent. 

A30909, male, aged 70, weight 49.7 kgm. Dia- 
betes, extreme emaciation, arteriosclerosis v.-ithout 
hypertension, multiple ulcers of feet. Serum al- 
bumin 3.47, globulin 2.92 per cent. 

A32215, male, aged 78. Diabetes, extremely 
wasted, during postoperative recovery from ap- 
pendicitis and peritonitis. Arteriosclerosis with 
hypertension (178/90), auricular fibrillation and 
heart failure, edema. Serum albumin 3.12, glob- 
ulin 1.75 per cent. 

A32655, male, aged 71, weight 60.5 kgm. Dia- 
betes, extremely wasted, with duodenal ulcer, 
bleeding; 8 days before death from acute hemor- 
rhage. Serum albumin 3.43, globulin 1.66 per 
cent. 

A22829, male, aged 57. Diabetes, extremely 
emaciated, with intestinal obstruction. Died Jan- 
uary 15. Serum albumin 3.73, globulin 1.28 per 
cent. 

29176, male, aged 46, weight 64.3 kg^. Dia- 
betes, normal nutrition; no known complication. 

36052, female, aged 48, weight 81.3 kgm. Dia- 
betes, obesitj’, arteriosclerosis ; blood pressure 
160/100. 

43494, female, aged 60, weight 55.5 kgm. Dia- 
betes, mild hypertension (150/95). 

45815, female, aged 43, weight 57.7 kgm. Dia- 
betes, obesitj*. 


60404, male, aged 14, weight 42.3 kgm. Dia- 
betes, not complicated; slightly obese. 

A6028, male, aged 50, vreight 81.7 kgm. Dia- 
betes, normal nutrition, traumatic ulcer of foot. 

A14670, female, aged 67, weight 49 kgm. Dia- 
betes, arteriosclerosis. Blood pressure 165/80. 

A26960, male, aged 19, weight 54.2 kgm. Dia- 
betes, impetigo. 

A31733, female, aged 55. weight 72.5 kgm. 
Diabetes, obesitj*, h}*pertension (180 to 120/100 
to 80). 

A32622, female, aged 75, weight 50 kgm. Dia- 
betes, normal nutrition, arteriosclerosis without 
hj*pertension. 

A33706, female, aged 25, weight 48.9 kgm. 
Diabetes, during improvement from malnutrition 
induced bj* star\*ation diet. 

A36853, male, aged 62, weight 54.3 kgm. Dia- 
betes, ulcer of stomach w*ith pj*Ioric obstruction. 
During convalescence from gastrectomj*. Ema- 
ciated, but had taken high caloric diet for some 
days. Serum albumin 4.41, globulin 2.57 per 
cent. 

A42040, female, aged 24, weight 66 kgm. Dia- 
betes. 

963, female, aged 54, weight 64.5 kgm. Dia- 
betes, obesitj*, acute choleb'thiasis. 

5105, male, aged 50, weight 70.5 kgm. Dia- 
betes, malnutrition, fractures of femur. 

18576, female, aged 54, weight 66 kgm. Dia- 
betes, obesitj', arteriosclerosis with h\-pertension 
( 210 / 110 ). 

29503, female, aged 56, weight 64.2 kgm. Dia- 
betes ; admitted with mastoiditis. Later operation 
for epithelioma of vulva, which resulted in fatal 
ulceration. The studies were made during the 
period when nutrition was steadilj* failing. 

34442, female, aged 49, weight 68.2 kgm. Dia- 
betes, obesitj', eiythema multiforme, arterioscler- 
osis without hj*pertension. 

36572, female, aged 72, weight 59 kgm. Dia- 
betes, renal calculus. 

40992, male, aged 64, weight 78.5 kgm. Dia- 
betes, moderate obesitj*, arteriosclerotic heart dis- 
ease, heart failure, blood pressure 120/68. 

15096, female, aged 71. Diabetes, poor nutri- 
tion, arteriosclerosis with hj*pertension (195/105), 
ulcerated abrasion of toe, mild \*asomotor insta- 
bilitj* evidenced bj* slight tachj*cardia and sweat- 
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ing, and carbohydrate tolerance so disturbed that 
sufficient insulin for glycosuria precipitated hypo-' 
glycemic shock. 

58487, female, aged 49, weight 81.4 kgm. Dia- 
betes, obesity. 

61682, male, aged 57, weight 52.6 kgm. Dia- 
betes, extreme emaciation, arteriosclerosis without 
hypertension. 

79627, female, aged 61, weight 100.2 kgm. 
Diabetes, extreme obesity, arteriosclerosis with 
heart disease. During recovery from pneumonia 
and coronary occlusion, when she had been unable 
to eat and had lost much weight. Moderate 
edema. 

83790, female, aged 61, weight 67.2 kgm. Dia- 
betes, arteriosclerosis with coronary occlusion, 
femoral thrombophlebitis and edema. 

83896, female, aged 29, weight 67.5 kgm. Dia- 
betes mellitus, chronic pelvic inflammatory disease 
(gonococcal) . 

85804, female, aged 58, weight 60 kgm. Dia- 
betes, arteriosclerosis with hypertension (200/ 
100), occlusion of popliteal artery, coronary oc- 
clusion. 

90339, female, aged 41, weight 66.2 kgm. Dia- 
betes, obesity, gluteal abscess. 

94028, female, aged 58. Diabetes, normal nu- 
trition, arteriosclerosis with slight hypertension 
(162/96), ulcer of foot. 

96675, female, aged 52. Diabetes, arterioscle- 
rotic heart disease, coronary occlusion, 

A7948, female, aged 71, weight 59.1 kgm. Dia- 
betes, poor nutrition, gastric carcinoma. 

A8517, female, aged 56, weight 59.5 kgm. Dia- 
betes, uncomplicated. 

A9315, female, aged 67, weight 58.5 kgm. Dia- 
betes, trigeminal neuralgia, cataract, arterioscle- 
rosis with h 3 'pertension (152/100). 

A15928, male, aged 61. Diabetes, poor nutri- 
tion, arteriosclerotic heart disease, heart failure, 
pleural effusion (possibl}^ due to carcinoma). 

A29051, female, aged 51, weight 60.1 kgm. 
Diabetes, carbuncle of back. 

A30054, male, aged 67, weight 86.4 kgm. Dia- 
betes, obesity, mitral stenosis with heart failure, 
perforating ulcer of foot. 

A30790, fenjale, aged 50, Aveight 68.2 kgm. 
Diabetes, obesity, non-toxic goitre. 

A30940, female, aged 57. Diabetes, multiple 


subcutaneous abscesses, emaciation. Serum al- 
bumin 2.67 to 3.59, globulin 3.36 to 3.70 per cent. 

A3 2367, female, aged 67. Diabetes, poorly 
nourished, with arteriosclerosis, coronary disease 
and gangrene of foot. 

A32692, female, aged 66. Diabetes, obesity, 
gangrene of foot; after mid-thigh amputation. 

A3 3062, female, aged 41, weight 67 kgm. Dia- 
betes, hyperthyroidism, hypertension (190/110). 
Basal metabolism -j- 41 per cent. 

A34635, female, aged 43, weight 56.7 kgm. 
Acromegaly with mild diabetes ; previously treated 
by x-ray of pituitary. 
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metabolism for periods of only one to two and 
one-half hours after the administration of a pro- 
tein test meal (8) (9) (10). Since the metabolic 
increases for the amounts of protein empIo 3 ^ed in 
these instances may well be expected to last over 
six hours (11), one can not conclude as to the 
total specific dynamic action in these experiments. 
In two of these investigations (8) (9), the spe- 
cific dynamic action was expressed as the percent- 
age increase in metabolism observed at one par- 
ticular determination, at one or at one and one- 
half hours after the meal. These values give no 
indication of the total or average metabolic in- 
crease. Plant (12) (13) also observed an in- 
crease in metabolism in patients with hypothyroid- 
ism during three hours after protein ingestion. 
The interpretation of the results of these experi- 
ments is complicated by the fact that 500 cc. of 
coffee were included in the test meals (14) (15). 

The results and conclusions from studies of the 
specific dynamic action of carbohydrate and of 
protein in animals after thyroidectomy differ. 
Baumann and Hunt (16) found that glucose ad- 
ministered to ten rabbits upon which thyroidec- 
tomy had been performed resulted in no increase 
in metabolism or in a smaller increase than was 
observed after glucose in the same animals pre- 
operatively, or in nonoperated controls. Oxygen 
and carbon dioxide exchange and total calories 
were reported over a period of two hours before 
and over a period of four hours after the glucose 
was administered. Mansfeld and Scheffer-Csillag 
(17) conclude that thyroidectomy had no influence 
on the specific dynamic action of meat or of sugar 
in two dogs. Hertz (18) denies an influence of 
thyroidectomy on specific dynamic action of pro- 
tein in dogs. His conclusions are based upon 
measurements made at about three and seven 
hours after feeding meat together with rice and 
fat to a single thyroidectomized dog. Arvay and 
A^erzar (19) (20) studied the specific dynamic 
action in thyroidectomized rats over periods of 
from six to eight hours after feeding meat. They 
reported a decreased specific djmamic action up 
to thirty-six days after operation. Dann, Chamb- 
ers, and Lusk (21) found that their figures in a 
single experiment incidental to another problem 
“ might suggest that the specific dynamic action 
of meat is less after thyroidectomy than in the 


normal dog. . . Houssay and Artundo (22) 
found that the specific dynamic action, expressed 
as increase in heat production, measured two and 
five hours after administering meat to dogs was 
slightly less after, thyroidectomy (6 experiments), 
and after thyrohypophysectomy (7 experiments), 
than in controls (10 experiments) but they con- 
clude that the hypophysis and thyroid are not 
necessary for the production of specific dynamic 
action. 

Due to the usual presence of aberrant thyroid 
tissue, it is difficult to produce persistent hypo- 
thyroidism in animals. In some of the experi- 
ments on thyroidectomized animals reported above 
(16) (17) hypothyroidism as evidenced by a low 
control metabolic level was not present at all times 
when specific dynamic action was tested. 


MATERIALS AND METHODS 

Total ablation of the thyroid gland had been per- 
formed on the subjects of the present investigation for 
the treatment of angina pectoris or of rheumatic heart 
disease (1) (2). Measurements of specific dynamic ac- 
tion were made from two weeks to twenty-one months 
postoperatively. In two patients experiments were per- 
formed preoperatively, one of these patients being teste 
again two weeks postoperatively and the other two 
months after operation. Fourteen carbohydrate expen 
ments were performed in eleven patients and five protein 
experiments in four patients. The metabolism of three 
of the patients was also measured over a period o w 
hours without food. The average basal metabolic ra 
at the time of the postoperative measurements of sped ic 
dynamic action was minus 28 per cent. The 
were from eighteen to sixty-five years of age. ® 
the patients were maintaining a practically constant o ) 
weight; one was obese (E. P.), the others j 

developed. Signs or symptoms of congestive i^ 
failure were not present at the time of the tes 
were anginal attacks experienced just prior to or 
any of the experiments. The subjects of 
ments were taking thyroid (grains (o ‘ ' 
Armour) to maintain them free from 
symptoms of myxedema; and one patient ( • ■ 

150 mgm. of dinitrophenol on the day prior to 

All subjects were well trained in metabohs 
They came to the laboratory from home or 
hospital wards in the morning in the postabsorp i 
without medication, and in some cases 1 , 3,5 

thyroid on the preceding day. ‘ f fl. sl,vhti; 

rested at least thirty minutes either flat m be - 

raised, a determination of oxygen consumption 

for a period of seven minutes using a 0 . ,y. 

Roth apparatus. Three to five such mcasmre 
ally four, consisting of two determinations i 
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were made over about one hour in order to obtain a con- 
trol period; following this, the carbohydrate or protein 
meal was adminisfered. 

In the carbohydrate tests fifty to seventy-five grams of 
glucose were ingested dissolved in 200 grams of orange 
juice and heated to approximately 36° C. The meals to- 
talled 2S0 to 375 calories (the caloric value of 1 gram 
of hexose is 3.74 calories). Measurements of oxygen 
consumption were begun fifteen minutes after the inges- 
tion and continued, at intervals, for two to three and 
one-half hours, a total of six to nine measurements be- 
ing made after the meal. When duplicate measurements 
did not check or seemed erratic, additional measurements 
were made. The results obtained were plotted noting 
each obsers-ation upon the graph. From smoothed 
cuiwes through the points obtained the oxj'gcn consump- 
tion at Vi, ^4, 1, 1^, and 2 hours were tabulated. 

In the protein tests from 200 to 400 grams of steak, 
with small amounts of added protein, fat, and carbo- 
hydrate (54 to 102 grams P, 25 to 44 grams F, 6 to 23 
grams CHO = 520 to 860 calories) were ingested after 
the control level of metabolism was determined. The 
average protein intake u-as 77 grams, the average total 
calories 685. The oxygen consumption was followed at 


hour after smoking arc not held trustworthy (23). If 
the measurements following the smoking be omitted in 
drawing the course of the oxygen consumption, the ac- 
tual points thirty minutes after smoking are 0, 0, 6, and 
5 per cent above the curves thus obtained. 

The procedures were not discomforting but not enjoy- 
able, and in three cases the subjects asked as to how soon 
the test would be finished. Only one subject (E, P.) 
could be considered uncooperative. A tendency' to 
drowsiness was almost universal, but most of the sub- 
jects remained quietl}* awake. The more intelligent pa- 
tients were told something of the nature of the test; 
others merely followed instructions. The low metabolic 
rates, experience with the apparatus, and almost uni- 
versal willingness to cooperate, all helped to maintain 
the subjects at ease. 

RESULTS 

Specific dynamic action of glucose 

The results of eleven experiments on nine pa- 
tients, two to tAventj--one months after total thy- 
roidectomy, are presented in Table I. Two stud- 


TABLE I 

Specific dynamic action of carbohydrate after total thyroidectomy 


Case 

Age 

Diagnosist 

Mouths 

post- 

opera- 

tive 

Basal 
metabolic 
rate- 
De^da- 
tiou from 
normal 

Carbo- 

hydrate 

meal 

Ox>*gen consumption 

Thy- 

roid 

per 

day 

Basal 

Hours after test meal 

mm 


j 

I'A 

2 

■ 

In- 

crease 


In- 

crease 


In- 

crease 


In- 

crease 


In- 

crease 







cc. 

cc. 


cc. 


u. 


CC. 


cc. 









per 

per 

per 

per 

per 

per 

per 

per 

per 

per 

per 






per cent 


min- 

min- 

cent 

min- 

cent 

min- 

cent 

min- 

cent 

min- 

cent 

sreins 







u(e 

ule 


Mle 


uie 


ule 


ule 



E.P. 

58 

A.P. 


-28 

280 

150 

153 


155 

33 

155 

3.3 

152 

13 

153 

2 

1/2 

A1.S, 

46 

A.P. 


-21 


173 

189 


185 

7.0 

177 

2.4 

182 

5.2 

181 

4.7 

11 * 

M.S. 

46 

A,P. 


-26 

375 

163 



168 

3.1 

159 

-2.3 

156 

-4.2 

156 

~~s 


H.W . 

34 

R-H.D. 


-30 

375 

170 

186 

9.4 

186 

9.4 

1S4 

8.2 

170 

0 

162 

-4.6 

0 

H.W. 

34 

R.H.D. 

31 

-37 

375 

152 

162 

6.6 

16S 

10.6 

172 

13.2 

169 

11.2 

16S 

10.6 

0 

H.K. 

61 

A.P. 


-34 

280 

156 

161 

3.2 

167 

7.1 

170 

9.9 

isa 

11.6 

C170) 

8.9 

1 /s 

H.G. 

24 

R-H.D. 

12 

-37 

375 

156.5 

166 

6,1 

168 

7.3 

170 

8.6 

lafl 

9.3 

172 

9.9 

3/20 

F.F. 

35 

R.H.D. 

2 

-21 

375 

164 


7.9 

186 

13.4 

186 

13.4 

181 

10.3 

179 

9.2 


F.D. 

19 

R.H.D. 

13 

-37 

375 

153 


15.1 

168 

9.8 

158 

33 

159 

3.9 

163 

6.6 

0 

T.C. 

65 

A.P. 

10 

-40 

373 

149 

160 

7.3 

159 

6.7 

162 

8.7 

157 

53 

148 

—0.6 

3/20 

G.h, 

54 

R.H.D. 

21 

-25 

375 

175 

192 

9.7 

186 

6.3 

184 

5.1 

mi 

1.7 

11^ 

0.0 

0 

Average: 

-30.5 

350 

160.1 

173.5 

7.7 

172.4 

7.6 

170.7 

B 

I6S.I 



3.9 



* ISO mgni. dinitrophenot on day preceding test. 

T Diagnoses: A.P. = Angina pectoris; R-H.D. = Rheumatic heart disease. 


intervals for six to seven hours afterwards, measure- 
ments being made in duplicate, and the results of each 
measurement were plotted. One subject had three puffs 
on a cigar, another had a cigarette directly after the 
meal; two subjects each had a cigarette five hours after 
the meal. Not knowing whether smoking or its denial 
would vitiate results more, the effort was made to keep 
the patient at ease. Measurements made within a halt 


ies are not included because of our inability to 
obtain check measurements. Another experiment 
was performed only two weeks after operation 
and is referred to later. The ox}-gen consump- 
tion per minute at one-fourth, one-half, one, one 
and a h^tf, and two hours were obtained as de- 
scribed above. The percentage increase in oxy- 
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gen consumption over the basal at each point has 
also been calculated (Table I). The averages of 
the values for oxygen consumption in Table I are 
plotted as the lower curve in Figure 1. The total 


The average basal metabolic rate at the time of 
the glucose experiments was minus 30.5 percent, 
the range was from minus 21 to minus 40 per 
cent (Table I). The maximal increase in oxygen 



Fig. 1. Change in Rate of Oxygen Consumption After the Ingestion of 7S to 100 Grams of 

Carbohydrate. 

Lower curve. Average of eleven experiments upon patients with hypothyroidism. Upper curve. 

Average of twelve experiments by Benedict and Carpenter (11) upon normal individuals. 

increases in oxygen consumption or the areas un- 
der the curves above the control levels have been 
calculated for the arbitrary period of two hours 
and for the actual or extrapolated duration of the 
increases. The average, the maximal, and the 
minimal increases and the corresponding percent- 
age increases are listed in Table 11. 


consumption after the glucose in the different ex 
periments ranged from 3.3 to 15.1 per cent o 
the basal oxygen consumption (average 10.1 per 
cent). This maximal increase occurred at one- 
quarter hour after the test meal in five cases, one 
half hour in two cases, one hour in two cases, one 
and one-half hours and two hours in one case 


table II 

Summary of specific dynamic action after carbohydrate ingestion 



Carbo- 

IiyUnste 

meal 

! 

Basal meta- 
bolic rate. 
Deviation 
from 
normal 

Basal 

oxj'gen 

consump- 

tion 

Maximum 

oxygen 

consumption 

Increase in oxj'- 
gen consumption 
for two hours j 

Total increase 
in oxygen 
consumption 

Extra 

calorics 

(R.Q.0.88) 

"Cost" 
(extra 
calories prr 

100 cahny 

Average 

Ma.ximum 

Minimum *. . ■ • 

calories 

350 

375 

280 

Trr cent 

-30.5 

-21 

-28 

cc. per 
minute 

160.1 

164 

ISO 

^ cc. per 
minute 

174 

188 

156.5 

increase 
per cent 

8.75 

14.64 

4.33 

cc. 

1160 
^ 2138 
540 

per 

cent 

6.0 

10.8 

4.5 

cc. 

1400 
i 3300 
! 780 

per 

cent 

4.4 

7.4 
3,3 

6.8 

15.9 

3.8 

1.9 

4.2 
\ 1.4 


_ I I II I I ' ' ‘ ppnrent 

• Experiment 1 (E.P.) in Table I— (From Table I ; experiment 3 (M.S.) gives a smaller increase, but due to a 
nesative \-alucs this finding is questionable). 
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each. The maximal increase of the average airve 
was 8.7 per cent, the increase over two hours was 
1160 cc, or 6 per cent; the total increase was 1400 
cc. or 4.4 per cent (over 3 and % hours). As- 
suming an average R.Q. of 0.875 - after the food 
there were 6.8 extra calories produced or 1.9 cal- 
ories for everj' 100 calories from carbohydrate 
ingested. The results of experiments in two sub- 
jects performed botli before and after operation 
are presented in Table III. In both of these sub- 


Control measurements of metabolism tinthout 
test meal 

The oxygen consumption in Patient G. F. 
fluctuated during four hours by ± 2.7 per cent 
from a level of 165 cc. of oxygen per minute. 
Four weeks pre\'iousl}' during the one hour con- 
trol period before a protein meal the oxygen con- 
sumption decreased from 171 cc. to 167 cc. per 
minute. The ox 3 'gen consumption in Patient 
W. D. decreased progressive!}- during four hours 


TABLE III 


Summary of specific dynamic action of carbohydrate in subjects studied both before arA after operation 



Basal 

metabolic 

latt. 

Deviation 

1 from 

1 normal 

1 Carbo- 
1 hydrate 
meal 

Mantnom 
increase 
in oxycen 
consumption 

Increase 
in crygen 
consumption 
over two hoars 

Total 
increase 
in cx>’gen 
consumption 

"Cost** 
(extra 
calories 
per 100 
calorics 
insested) 

R.S. — preoperative : 

B 

celeries 

280 

375 

373 

375 

cc. iter 
minute 

30 

52 

12 

22 

iter cent 

11.5 

24 

6.3 

13.4 

u. 

2160 ' 
3960 

1200 

2180 

per cent 

7 

15 

5.3 

11.1 

cc. 

2160 

4010 

1440 

3284 

per cent 

7 

14 

4.3 

7.3 

3.8 

5.2 

1.9 

4J 

2 weefe pokoperative * 1 

F.F. — preoperatvve 

2 months postoperative 


* This experiment was not included in Table I or Table II., because only two weeks had elapsed since operation. 


jects the specific d}-namic action was higher in the 
experiments after operation than before. 

Specific dynamic action of protein 

The results in five experiments on the four pa- 
tients are summarized in Table IV. One-half 
hour after the administration of the protein test 
meal a rise in ox}-gen consumption was observed. 
The ox}’gen consumption reached its average 
maximum between one-half and three hours after 
the meal and remained at about that level for the 
duration of the experiment (6 to 7% hours). 
From the curves plotted as described the average 
total increase during the experiments was 10,570 
cc., equivalent to approximately fift}- extra calo- 
ries or to an average increase of 16.6 per cent 
over the basal oxr-gen consumption. The caloric 
increase was 7 per cent of the caloric intake or 
17 per cent of the protein calories ingested. The 
average basal metabolic rate for this series was 
minus 28.6 per cent. 

-The average respiratory quotient from 0 to 3 hours 
after dextrose in the experiments of Benedict and Car- 
penter was 0.875 (11). 


from 182 to 167 cc. per minute. In an experi- 
mental control one week later the ox}-gen con- 
sumption decreased from 187 to 180 cc. per 
minute in one hour and again two weeks later 
from 185 to 182 cc. per minute in one hour. The 
o.xj'gen consiunption in Patient F. D. during the 
first hour was 130 cc, per minute n: 15 cc. (11.5 
per cent). From then through the fourth hour 
the ox}-gen consumption remained 130 cc. ir: 5 cc. 
(3.8 per cent). In an experimental control one 
week previously the ox}-gen consumption was 145 
cc. per minute i 2 cc. (1.4 per cent) over three- 
quarters of an hour. 

DlSCtlSSIOX 

The purpose of the above study was to discover 
whether the specific dvaiamic action of carbo- 
hydrate and of protein in patients with h}-pothy- 
roidism following total th}-roidectomy differed 
significantly from that reported for normal indi- 
viduals. The method of studying specific dy- 
namic action which has been utilized above was 
chosen because of its simplidt}- and because early 
experiences showed it to be suitable to our pur- 
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gen consumption over the basal at each point has 
also been calculated (Table I). The averages of 
the values for oxygen consumption in Table I are 
plotted as the lower curve in Figure L The total 


The average basal metabolic rate at the time of 
the glucose experiments was minus 30.5 per cent, 
the range was from minus 21 to minus 40 per 
cent (Table I), The maximal increase in ox}'gen 



Fig. 1. Change in Rate of Oxygen Consumption After the Ingestion of 75 to 100 Grams of 

Carbohydrate. 

Lower curve. Average of eleven experiments upon patients with hypothyroidism. Upper curve. 
Average of twelve experiments by Benedict and Carpenter (11) upon normal individuals. 


increases in oxygen consumption or the areas un- 
der the curves above the control levels have been 
calculated for the arbitrary period of two hours 
and for the actual or extrapolated duration of the 
increases. The average, the maximal, and the 
minimal increases and the corresponding percent- 
age increases are listed in Table IL 


consumption after the glucose in the different ex 
periments ranged from 3.3 to 15.1 per rent 
the basal oxygen consumption (average 10. 
cent). This maximal increase occurred at one- 
quarter hour after the test meal in five cases, one^ 
half hour in two cases, one hour in two cases, on 
and one-half hours and two hours in one 


table II 

Summary of specific dynamic action after carbohydrate ingeslton 



Carbo- 

hydrate 

meal 

Basal meta- 
bolic rate. 
Deviation 
from 
normal 

Basal 

oxystn 

consump- 

tion 

Maximum 

ox>'gen 

consumption 

Increase in 03W- 
gen consumption 
for two hours 

Total increase 
in oxj'gen 
consumption 

Extra 
calorics 
(R.Q. 0.88) 

"Cost' 

(extra 
calorirs tf- 
lOOcal'-’n-' 

ingeslf.^ 

Average 

Maximum 

Minimum * 

calories 

350 

375 

2S0 

per cent 

-30.5 

-21 

-28 

cc. per 
minute 

160.1 

164 

ISO 

ec. per 
minute 

174 

188 

156.5 

increase 
per cent 

8.75 

14.64 

4.33 

CC, 

1160 

2138 

540 

1 

per 

cent 

6.0 

10.8 

4.5 

] 

cc. 

1400 

3300 

780 

per 

cent 

4.4 

7.4 
3.3 

6.8 

15.9 

3.8 

1.9 

4.2 

1.4 


* * ' * * * ’ ^ 
• Experiment I (E.P.) in Table I — (From Table I; experiment 3 (M.S.) giv’cs a smaller increase, but du 

negative values this finding is questionable). 
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each. The maximal increase of the average curve 
was 8.7 per cent, the increase over two hours was 
1160 cc. or 6 per cent ; the total increase was 1400 
cc. or 4.4 per cent (over 3 and % hours). As- 
suming an average R.Q. of 0.875 - after the food 
there were 6.8 e,xtra calories produced or 1.9 cal- 
ories for ever}' 100 calories from carbohydrate 
ingested. The results of e-xperiments in two sub- 
jects performed both before and after operation 
are presented in Table III. In both of these sub- 


Coutral vicasurcnicnls of metabolism without 
test meal 

The oxygen consumption in Patient G. F. 
fluctuated during four hours by ± 2.7 per cent 
from a level of 165 cc. of ox3'gen per minute. 
Four weeks previously during the one hour con- 
trol period before a protein meal the oxj'gen con- 
sumption decreased from 171 cc. to 167 cc per 
minute. The oxygen consumption in Patient 
W. D. decreased progressively during four hours 


TABLE m 

Summary of specific dynamic action of carbohydrate in subjects studied both before and after operation 



R.S. — preoperative .... 
2 Tveelffi postoperative * 

F.F. — preop)erative 

2 months pxjstopjerative. 


metabolic ra.tvN. Maiimnm Increase Total 

rate. increase in oxygen increase 

Deviation to oxygen consumption in oxygen 

from consumption over two hours consumption 

normal 


per cerA 

cclortes 

CC. per 
fnt ttute 

mm 

u. 

per ctrA 

ec. 

per urA 


-f 8 

280 

30 

11.5 

2160 

7 

2160 

7 

3.8 

-13 

375 

52 

24 

3960 

15 

4010 

14 

5.2 

- 9 

375 

12 

6.3 

1200 

5.3 

1440 

4.3 

1.9 

-21 

375 

22 

13.4 

2180 

11.1 

328i 

7.3 

4.3 


"Cost" 
(extra 
calories 
per 100 
calories 
ingeatftj) 


‘This ex:perixnent was not included in Table I or Table II because only two weeks had elapsed since operation. 


jects the specific d>'namic action was higher in the 
experiments after operation than before. 

Specific dynamic action of protein 

The results in five experiments on the four pa- 
tients are summarized in Table IV. One-half 
hour after the administration of the protein test 
meal a rise in oxj'gen consumption was observed. 
The oxygen consumption reached its average 
maximum between one-half and three hours after 
the meal and remained at about that level for the 
duration of the experiment (6 to 7% hours). 
From the curves plotted as described the average 
total increase during the experiments was 10,570 
cc., equivalent to approximately fifty extra calo- 
ries or to an average increase of 16.6 per cent 
over the basal oxygen consumption. The caloric 
increase was 7 per cent of the caloric intake or 
17 per cent of the protein calories ingested. The 
average basal metabolic rate for this series was 
minus 28.6 per cent. 

-The average respiratory quotient from 0 to 3 hours 
after dextrose in the experiments of Benedict and Car- 
penter was 0.873 (11). 


from 182 to 167 cc. per minute. In an experi- 
mental control one week later the oxygen con- 
sumption decreased from 187 to 180 cc. per 
minute in one hour and again two weeks later 
from 185 to 182 cc. per minute in one hour. The 
oxj'gen consiunption in Patient F. D. during the 
first hour was 130 cc. per minute d: 15 cc. (11.5 
per cent). From then through the fourth hour 
the oxygen consumption remained 130 cc. d: 5 cc. 
(3.8 per cent). In an experimental control one 
week pre\'iously the oxj-gen consumption was 145 
cc. per minute d: 2 cc. (1.4 per cent) over three- 
quarters of an hour. 

DISCUSSION 

The purpose of the above study was to discover 
whether the spedfic dynamic action of carbo- 
hydrate and of protein in patients with hypothy- 
roidism following total thyroidectomy differed 
sigmficantly from that reported for normal indi- 
viduals. The method of studying spedfic dy- 
namic action which has been utilized above was 
chosen because of its simplidty and because earty 
experiences showed it to be suitable to our ptir- 
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TABLE IV 

Summary of specific dynamic action after protein ingestion 





Months 

Test meal 

Basal 

metabolic 

Oxygen 

consumption 

Maximum 
increase 
over basal 

Time 

Dura- 
tion of 
approx- 
imate 
maxi- 
mum 
increase 

Total 

Increase 
in oxygen 
per 100 
grams 
protein 

Thy. 

Case 

Age 

Diagnosis 

post- 

opera- 

tive 

Pro- 

tein 

Total 

cal- 

rate. 
Devia- 
tion from 
normal 

Basal 

Ap- 

proxi- 

mate 

Total 

Per 

100 

grams 

reach 

maxi- 

mum 

increase 
in oxygen 
consumption 

roid 

per 

day 





ories 



maxi- 


pro- 
















mum 


tein 









years 



grams 


per cent 

cc. per 
minute 

cc. per 
minute 

per 

cent 

per 

cent 

hours 

hours 

cc. 

per 

cent 

CC, 

per 

cent 

grains 

G.F. 

53 

R.H.D. 

12 


860 

-27 

168 


24 

24 

2 

• 2 

11,240 

17 

11,0^ 

16 

m 

W.D. 

23 

R.H.D. 

9 

54 

520 

-25 


198 

16 

30 

3 

4 

6 

10,440 

16 

19,350 

30 

l/S 

W.D. 

23 

R.H.D. 

9 

56 

600 

-21 


190 

12 

21 

X 


8,400 

11 

14,8^ 

20 

1/8 

F.D. 

18 

R.H.D. 

4 


620 

-38 

145 

168 

16 

23 

3 

7 

7,475 

14 

10,500 

20 

1/3 

S.F. 

53 

A.P. 

10 


825 

-32 

159 


33 

33 

^ 3 

6 

14,300 

25 

14,100 

25 

m 

Average 

77 

685 

-28.6 

166 

195 


26 




17 


22 



* During a control experiment without food the oxygen consumption of this patient fell from 182 to 167 cc. in four 
hours. The experimental controls over one hour before the test meals likewise showed a slight progressive fall in oxygen 
consumption (see text). 


pose. In the well trained subjects in this investi- 
gation the error with which the oxygen consump- 
tion over six minutes could be measured by a 
Benedict-Roth apparatus was 3 per cent or less. 
Obviously, the results over the entire experimen- 
tal period are not as accurate as could be obtained 
by continuous calorimetry, but by the use of 
duplicate and serial determinations they are suffi- 
ciently precise to render the interpretations valid. 

It would have been theoretically more desirable 
to use a group of patients who were not taking 
any thyroid, and whose metabolic rates were even 
lower and symptoms of myxedema even more 
pronounced than in the present series. No con- 
sistent difference in specific dynamic action could 
be found, however, between the results in those 
patients who were taking thyroid (grains %o to 
daily) and in the patients to whom no thyroid 
was being given. In addition, the nature of the 
response of oxygen consumption after the admin- 
istration of sugar was not correlated with the 
basal oxygen consumption or the “ basal meta- 
bolic rate.” 

A consistent increase in oxygen consumption 
occurred in all experiments (Table I) following 
the administration of carbohydrate. The increase 
in oxygen consumption is interpreted as resulting 
from the ingestion of carbohydrate, for the 
amount of fluid administered was insufficient to 
affect the metabolism (11) and in many cases a 
return to basal oxygen level occurred within two 
to three hours after the meal. 


Many methods of expressing specific dynamic 
action have been utilized. The data of our ex- 
periments allow calculation in absolute and per- 
centage values on the basis of maximal oxygen 
increase, total and average increase over two 
hours, and over the extrapolated duration of the 
increase ; in the carbohydrate tests the results may 
be expressed in addition, as total extra calories, 
and extra calories per hundred grams of carbo- 
hydrate, by assuming a respiratory quotient o 
0.88 with an error of ± 2.5 per cent. 

Our data calculated in these several ways are 
compared with similarly treated values for ox>gen 
consumption from the experiments of Bene 
and Carpenter (11) and of Gephart and DuBois 
(24) for the specific dynamic action of gincose m 
subjects with normal metabolic levels (Table^ )• 
Previous to operation, not only were most patien ^ 
Insufficiently trained in the technique of m 
olism testing but their clinical conditions woi 
not permit of satisfactory determinations o sp 
:ific dynamic action. It was felt, there ore, < 
the results of other authors using 
subjects with normal metabolic levels wou ^ 
is a more accurate basis for comparisons 
present series. From Benedict and .^ 1 ^. 1 , 

ivork (11) are taken nine experiments m - 
100 grams of glucose were given and t w 
leriments in which 75 grams were 
;welve experiments on ten subjects. 
lart and DuBois (24) six experiments 
latients are reported. The average ma- 
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crease, the two hour iacrement, and the total in- 
crement in ox>-gen consumption after carbohy- 
drate in the present series is less than in the con- 
trol series of normals but the range of results 
overlaps. The average percentage maximal in- 
crease and percentage ttvo hourly increase are 
essentially the same in both the normal and thy- 
roidectomized subjects. The average percentage 
increase over the entire duration of the increase 
is approximately the same in our series as in the 
series of Benedict and Carpenter (11), but is 
slightly less as compared to the figures of Gep- 
hart and DuEois (24) who administered more 
sugar (Table V). Calculated as extra calories 
expended for 100 calories of food (assuming an 
R.Q. of 0.88) the average specific dynamic action 
in our patients is somewhat less than in both series 
of the controls, but again the results in individual 
instances overlap. The carbohydrate experiments 
performed on two of our patients both before 
and after operation show in each case a greater 
specific dynamic action following thjToidectomy 
(Table III). It is to be noted, however, that 
these postoperative experiments were done only 
two weeks and two months after operation. The 
basal metabolic rates of the two patients with 
hypothyroidism on whom specific dj-namic action 
studies after carbohydrate were made by DuBois 
(5) and by Weisz and Adler (6) v.-ere only re- 
duced to minus 20 per cent (5) and minus 15 per 
cent (6) at the time of the tests. In these in- 
stances, as in our patients with lower basal meta- 
bolic rates, the results obtained -were not different 
from those obtained in some normal individuals. 

There is no apparent statistical correlation be- 
tween the basal rates of oxj'gen consumption and 
the total increase in oxv’gen consumption per 100 
grams of ingested sugar as calculated from the 
combined experiments of Weisz and Adler (6), 
Benedict and Carpenter (11) Gephart and Du- 
Bois (24) and the present series. The coeffident 
of correlation of these thirU'-eight determinations 
of specific dj-namic action in normals and hj'po- 
thyroids is plus .2 (a perfect correlation would be 
either plus or minus 1.00, absence of correlation 
is indicated by 0). 

The^ increase in oxj-gen consumption after the 
ingestion of from 54 to 102 grams (average 77 
grams) of protein in five experiments on four pa- 
tients with hypothyroidism is similar to the A- 
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crease in oxygen consumption after protein (av- 
erage 90 grams, range 45 to 223 grams) in 16 
experiments on 9 normal individuals reported by 
Benedict and Carpenter (11) (Table VI, a). 


These results are interpreted as demonstrating the 
presence of specific dynamic action of hexose in 
human hypothyroidism following total ablation 
of the normal thyroid gland. Although this spe- 


TABLE VI 
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The increase in our experiments is also similar 
to that as estimated from the caloric increases re- 
ported in another series of thirteen experiments 
upon nine normal subjects by Benedict and Car- 
penter (11) (Table VI, b). There is consider- 
able variation in the specific dynamic action of 
protein calculated in several different manners 
(Table VI), both among normal subjects and 
among our patients with hypothyroidism. 

SUMMARY AND CONCLUSIONS 

1. The specific dynamic action after the inges- 
tion of 70 to 95 grams of carbohydrate was stud- 
ied in eleven instances on nine patients at times 
varying from two to twenty-one months after total 
thyroidectomy. The average basal metabolic rate 
at the time of the eleven tests was minus 30.5 per 
cent. The oxygen consumption increased in each 
instance after the carbohydrate meal, the increase 
lasting from two to four hours. The average of 
the maximal increases over the basal oxygen re- 
quirements was 16 cc. of oxygen per minute or 
10.1 per cent, and the average total increase was 
1400 cc. per minute or 4.4 per cent for the average 
duration of the exix;rimcnts (3 and % hours). 


cific dynamic action appears in percentage to be 
approximately equal to, it is, on an absolute basis, 
somewhat less than the average of figures for 
normals taken from the literature. 

2. The specific dynamic action after ingestion 
of 54 to 102 grams of protein was studied in five 
instances on four patients, at times varying from 
four to twelve months after total thyroidectom) • 
The average basal metabolic rate at the time o 
the five tests was minus 28.6 per cent. The os)^ 
gen consumption increased in each instance a ter 
the protein meal, the increase lasting at least six 
to seven hours. The average maximal increase 
was 29 cc. per minute (20 per cent of the asa 
oxygen requirement) and the total 
the observed period (6 to 7 hours) was 1 , 

(16.6 per cent of the basal oxygen 
or 14,000 cc. per 100 grams of protein. 
results are interpreted as indicating the pr 
of a specific dynamic action of protein m t c 
tally thyroidectomized hypothyroid 
The extent of the specific dynamic action is 
the range of normal as compared ivd 
found in the literature. 
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It has long been recognized that the first heart 
sound may include Uvo major components (1). 
Under certain circumstances these two com- 
ponents may he found on auscultation to he sep- 
arated so that the sound becomes split or redupli- 
cated. a phenomenon that can be recorded by 
methods for registering heart sounds. Splitting 
of the first sound is present in a certain propor- 
tion of patients with either left or right complete 
bundle branch block (2) and in some with lesser 
grades of intraventricular conduction defect. 
(Unpublished obsen-ations. Wolferth and Mar- 
golies.) It is also present in many individuals 
with presumably healthy hearts ( 3 ) . There tends 
to be a phasic respirator}- incidence in the width 
of the split which is particularly marked in the 
presumably healthy individuals. Thus, in some 
cases, if the heart sounds are recorded throughout 
cycles of respiration, the first sound may be found 
split during certain phases of the cycle, and single 
during certain other phases (Figure 1). With an 
adequately damped apparatus for registration, the 
split components are recorded as a series of vibra- 
tions of short duration. In a case with phasic 
incidence of splitting the single first sounds are 
nearly always of considerably longer duration than 
either component of split sounds. Furthermore, 
if the duration of either component of a split 
sound is compared with the duration of the first 
sound in a case which shows no splitting, the 
duration of the latter is usually greater. This 
would suggest that even when there is no de- 
terminable splitting of the first sound both com- 
ponents may be present and at least partially 
merged. 

The first step in the study of the mechanism of 
the first sound should be an attempt to discover 
what causes this duality of the sound. One gets 

* Presented in abstract before tbe .American Society 
for Clinical Investigation May 6, 1933. 


but little help from the literature. Some writers 
have maintained that in split sounds, one com- 
ponent arises in the left and the other in the right 
ventricle (4). Others have contended that one 
component is muscular and the other valvular in 
origin. Thus Wiggers (5) states: “It is gen- 
erally accepted . . . that the first sound is funda- 
mentally due to vibrations arising from : f a) the 
friction of the interlacing bands of contracting 
ventriailar muscle, and (&) the closure of the 
.A— valves.'’ He comments, however, that such 
an explanation accounts only for the main cre- 
scendo vibrations and leaves out of consideration 
both the introductor}' and final vibrations of the 
first sound and does not account for the second 
components of the aortic first sound. He found 
that vibrations recorded directly from different 
regions of the right and left ventricles show no 
essential differences. Hence, he states, they may 
be referred to in common as the ventricular 
sounds. 

Recently, in the course of a study of time rela- 
tions of various events dependent on right and left 
ventricular contraction, undertaken in the effort 
to discover the side of the significant lesion in the 
common t}-pe of bundle branch block ( 6) . we 
have obtained some data that bear on the mecha- 
nism of split first sounds. In the few cases stud- 
ied with widely split first sounds, asv-nchronism 
was found in ejection from the right and left 
ventricles, which corresponded roughly to the 
degree of asynchronism between the two major 
components of the sound.- Furthermore, the 
studies indicated that in these cases with widely 
split first sounds, the first component began be- 
fore ejection from either ventricle h.ad begun and 

- .Asj-nchronism in ejection from the two ventricles had 
previously been noted by Katz (7) in an e.-eperimenta! 
study on dogs. No attempt, however, was made to corre- 
late this finding with the heart so-xids. 
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tlie second component usually after ejection from 
one ventricle had hejjun hut always before ejec- 
tion from the other.' These correlatioius were 
regarded as pointing toward the hypothesis that, 
at least in certain cases, one of the major com- 
ponents of sound was contributed by the left ven- 
tricle and the other by the right ventricle. The 
significance of the evidence was discussed in the 
paper referred to (6). 

The methods used to time the beginning of 
right and left ventricular ejection are accurate 
enough to reveal the presence of significant 
asynchronism in cases with widely split first 
sounds. However, in cases with slight splitting or 
merely prolongation of the first sound the pos- 
sible errors in the measurements are sufficient to 
render the results of doubtful value. In view of 
the importance of establishing the nature of the 
duality of the first sound it seemed desirable to 
find some other method of testing the validity of 
the hypothesis. 

It has long been known that in patients with 
complete heart block there may be marked varia- 
tion in the loudness of the first sound from beat 
to beat. Griffith (9), who was the first to point 
out this phenomenon, concluded that the loud 
beats tended to occur when the auricles and ven- 
tricles beat at about the same time. Several years 
ago we made a stud}- of this phenomenon and 
found that the As-\'''s time relationship (as meas- 
ured by the P— R relation) exerts a remarkable in- 
fluence on the amplitude of recorded vibrations 
of the first heart sound not only in complete heart 
block but also in other conditions ( 10) . Further- 
more. it could be demonstrated that the marked 
variations in amplitude corresponded to variations 
in loudness of the sounds recognizable by auscul- 
tation. Slight changes in As— Vs time were 
sometimes found to be associated with marked 
variations in the first sound. As a matter of fact, 
among the various factors governing loudness of 

“ Wiggers (8) states that the main vibrations ot tlie 
first sound begin preciselj- with the onset ot the rise of 
pressure within the ventricles and on the descending limb 
of the R-2 wave of the electrocardiogram, and reach their 
maximal amplitude during the isometric period. Our 
findings, however, indicate that in cases with split first 
sounds, the isometric contraction periods in the two ven- 
tricles are asynchronous and that the two ventricles, 
therefore, contribute main vibrations at different times. 


the first sound in cases with normal mechanism 
the As-\''s time interval is one of the most im- 
portant. (Margolies, unpublished observations.) 
Other conditions remaining the same, cases with 
short normal P-R intervals f0.12 to 0.14 second) 
tend to have sharp, loud first sounds, whereas 
cases with long normal P— R intervals (0.18 to 
0.21 second) tend to have dull, faint first sounds. 

In two cases of complete heart block with split 
first sounds it was noted that the recorded vibra- 
tions of the two components during certain ranges 
of P-R relation varied in amplitude independently 
of each other. In one case with vary-ing P— R 
intervals, due to ventricular escape, similarly 
marked variations in the two components of split 
sounds have been observed. In a case with com- 
plete heart block and a prolonged but not split 
first sound, variations were noted in the early and 
late parts of the prolonged sounds dependent on 
the As— Vs relationship. It is the purpose of this 
paper to present data obtained in these cases and 
to discuss their bearing on the nature of the dual- 
It}- of the first sound. 

Case I. J. H.. an aged inmate of the iloss 
Home of the Jewish Hospital, was found to have 
complete heart block, an intraventricular conduc- 
tion defect (shown by the QRS complex having a 
duration of 0.14 second), widely split first heart 
sounds and varying loudness of the first sound 
from beat to beat. The relative contributions of 
the two components to the variations in loudness 
of the first sound could not be recognized with 
any degree of accuracy- on auscultation. 

In Figure 2. a continuous strip of tracing is 
reproduced illustrating (a) the variations in 
amplitude of vibrations of the first sound in suc- 
cessive beats and (6) the two positions at which 
major vibrations may occur. In Figure 3. repre- 
sentative beats have been selected from a con- 
tinuous strip (except beat 5 which was selected 
from another tracing) and arranged in an order 
to show the influence of various As-Vs relation- 
ships on the sound components. 

Analysis of the variations in amplitude of the 
major vibrations of the two sound components 
shows the follotving points: 1. The variations are 
great, in this respect corresponding to marked 
variations in intensity- of the sounds as determined 
bv auscultation. 2. The variations in the two 
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the second component visually after ejection from 
one ventricle had lic^nn but always before ejec- 
tion from the others These correlations were 
regarded as ]vointing toward the hyjiothcsis that, 
at least in certain cases, one of the major com- 
ponents of sound was contributed by the left ven- 
tricle and the other by the right ventricle. The 
significance of the evidence was discussed in the 
paper referred to (6). 

The methods used to time the beginning of 
right and left ventricular ejection are accurate 
enough to reveal the presence of significant 
asynchronism in cases with widely split first 
sounds. However, in cases with slight splitting or 
merely prolongation of the first sound the pos- 
sible errors in the measurements are sufficient to 
render the results of doubtful value. In view of 
the importance of establishing the nature of the 
duality of the first sound it seemed desirable to 
find some other method of testing the validity of 
the hypothesis. 

It has long been known that in patients with 
complete heart block there may be marked varia- 
tion in the loudness of the first sound from beat 
to beat. Griffith (9), who was the first to point 
out this phenomenon, concluded that the loud 
beats tended to occur when the auricles and ven- 
tricles beat at about the same time. Several years 
ago we made a stud}- of this phenomenon and 
found that the As— Vs time relationship (as meas- 
ured by the P-R relation) exerts a remarkable in- 
fluence on the amplitude of recorded vibrations 
of the first heart sound not only in complete heart 
block but also in other conditions (10). Further- 
more, it could be demonstrated that the marked 
variations in amplitude corresponded to variations 
in loudness of the sounds recognizable by auscul- 
tation. Slight changes in As— \*s time were 
sometimes found to be associated with marked 
variations in the first sound. As a matter of fact, 
among the various factors governing loudness of 

“Wiggers (8) states that the main vibrations ol the 
first sound begin precisely with the onset of the rise of 
pressure within the ventricles and on the descending limb 
ot the R-2 wave of the electrocardiogram, and reach their 
maximal amplitude during the isometric period. Our 
findings, however, indicate that in cases with split first 
sounds, the isometric contraction periods in the two ven- 
tricles are asynchronous and that the two ventricles, 
therefore, contribute main vibrations at different times. 


the first sound in cases with normal mechanism 
the As-Vs time interval is one of the most im- 
portant. (Margolies, unpublished observations.) 
Other conditions remaining the same, cases with 
short normal P-R intervals (0.12 to 0.14 second) 
tend to have sharp, loud first sounds, whereas 
cases with long normal P-R intervals (0.18 to 
0.21 second) tend to have dull, faint first sounds. 

In two cases of complete heart block with split 
first sounds it was noted that the recorded vibra- 
tions of the two components during certain ranges 
of P— R relation varied in amplitude independently 
of each other. In one case with varying P-R 
intervals, due to ventricular escape, similarly 
marked variations in the two components of split 
sounds have been observed. In a case with com- 
plete heart block and a prolonged but not split 
first sound, variations were noted in the early and 
late parts of the prolonged sounds dependent on 
the As-\''s relationship. It is the purpose of this 
paper to present data obtained in these cases and 
to discuss their bearing on the nature of the dual- 
ity of the first sound. 

Case 1. J. H., an aged inmate of the isloss 
Home of the Jewish Hospital, was found to have 
complete heart block, an intraventricular conduc- 
tion defect (shown by the QRS complex having a 
duration of 0.14 second), widely split first heart 
sounds and varying loudness of the first sound 
from heat to beat. The relative contributions of 
the two components to the variations in loudness 
of the first sound could not be recognized with 
any degree of accurac}- on auscultation. 

In Figure 2. a continuous strip of tracing is 
reproduced illustrating (a) the variations in 
amplitude of vibrations of the first sound in suc- 
cessive beats and (b) the two positions at which 
major vibrations may occur. In Figure 3, repre- 
sentative beats liave been selected from a con- 
tinuous strip (except beat 5 which was selected 
from another tracing) and arranged in an order 
to show the influence of various As-Ys relation- 
ships on the sound components. 

.\nalysis of the variations in amplitude of the 
major vibrations of the two sound components 
shows the following points; 1. The variations are 
great, in this respect corresponding to marked 
variations in intensity of the sounds as determined 
by auscultation. 2. The variations in th- w o 
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components arc. to a certain extent, independent 
of cacli other. Tlie followinj^ coniliinations 
occur : — both components may be recorded as 
having («) small vibrations, (h) large vibrations, 
(c) the first component may have vibrations of 
large or intennediate size and the second com- 
ponent small vibrations, (rf) the first component 
mav have small vilirations and the second com- 
ponent vibrations of large or intermediate size. 
Thus practically all combinations of large and 
small vibrations may occur. 3. The variations 
cannot be attributed to respiration since (a) there 
is no correlation with the respiratory cycle and 
(h) variations continue when the breath is held. 

The question must be considered as to whether 
the behavior of the two sound components de- 
scribed above could occur if both components of 
sound originated in the same ventricle. There are 
at least two reasons making such an explanation 
improbable. 

1. Our previous work (6) showed that the first 
sound component falls during the isometric con- 
traction phase of one ventricle. Thus, in Case 1, 
if both components originated in the same ven- 
tricle. the second component, which falls 0.10 sec- 
ond after the first component, would have to oc- 
cur well along in the course of ventricular con- 
traction. Although under such circumstances it 
is quite conceivable that the second component 
might show variations dependent on As— Vs in- 
tervals, due to the effect of auricular activity on 
ventricular contraction, it is unreasonable to sup- 
pose that auricular contraction could influence the 
early part of ventricular contraction in one way 
and a later part of ventricular contraction in an- 
other way. In a discussion as to the various ways 
in which auricular contraction might influence 
ventricular behavior and consequently modify the 
first sound, we have pointed out that three fac- 
tors might be involved; (a) ventricular filling. 
(b) ventricular pressure and (c) position of the 
valves (11). The time at which these fac- 
tors may exert an effect must be at about the 
beginning of ventricular contraction. Thus, it 
seems necessary to assume, other phenomena re- 
maining constant, that the character of a ven- 
tricular response must be determined at or before 
the time the first component of sound occurs. 
Under these circumstances it is theoretically pos- 


sible that the second component might varr- (a) 
in the same direction as the first component, (&) 
in the opposite direction or (c) remain relatively 
constant. However, no rational explanation of 
independent variations based on the postulate that 
both components arise in the same ventricle oc- 
curs to us. 

2. It was noted that changes in the second com- 
ponent of sound occurred when auricular contrac- 
tion fell so near the first component that it could 
scarcely have had a material influence upon the 
first component. Thus, in both Cases I and II 
(the latter to be reported below) auricular ac- 
tivity' had no effect on the first component of 
sound when the P wave was buried in the QRS 
complex, although the second component in cer- 
tain beats was materially influenced. As a matter 
of fact, in Case I the vibrations of the first com- 
ponent were not increased until the P— R rela- 
tion exceeded 0.03 second, and in Case II, not 
until the P— R relation exceeded 0.05 second. In 
connection with these extremely short P— R re- 
lations maximal amplitude of the vibrations of 
the second component occurred. In certain of 
the beats, in which only the vibrations of the 
second component were significantly increased, 
the P wave fell so late that auricular contraction 
could not have influenced the first component. 
Thus, in Figure 5, beat 7 (Case II) the P wave 
is completely buried in the QRS complex. Since 
the first sound component began 0.04 second after 
the beginning of the QRS complex, the beginning 
of the P wave could not have preceded the first 
component by more than 0.04 second. Taking 
into account the latent period of auricular muscle 
and the fact that ventricular contraction must have 
begun before sounds of ventricular origin could 
be recorded from the chest wall, it would appear 
that insufficient time was available for auricular 
contraction to have influenced the first component. 
-Us a matter of fact, apex cardiograms in this case 
showed no evidence of auricular activity until 0.06 
to 0.07 after the beginning of the P wave; the 
summit of the wave due to auricular contraction 
fell 0.15 second after the beginning of the P wave. 
The summit of this wave usually falls O.OS to 0.14 
second after tlte beginning of the P wave (12). 

The above mentioned facts led us to reject the 
view that both main components of sound could 
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have originated in one ventricle. Moreover, be- 
cause of the evidence previously obtained suggest- 
ing that each ventricle contributes a component to 
split first heart sounds (based on the association 
of split first sounds and asynchronism in ejection), 
it seemed important to consider whether, the varia- 
tions in the two sound components were in accord 
with such a postulate. 

It seemed to us that independent variation in 
the two sound components must be accounted for 
by equally independent effects of some factor or 
factors which influence production of sound. As 
indicated above, it is obvious on com^wison of 
the variations of the two sound components with 
the duration of the P-R interval that some A— V 
relationship must be responsible for the variations 
in sound. The P-R interval, however, is a meas- 
urement of auriculoventricular conduction and, 
although it may serve to a certain extent as an 
indicator of the time relation of beginning auricu- 
lar and ventricular contraction, it is not an ac- 
curate measurement of this relation. However, 
it is quite prolDable that a change in the P-R in- 
terval reflects with reasonable accuracy a compara- 
ble change in the time relation of auricular and 
ventricular contraction. It cannot be the P-R 
interval per se but the time relation of dynamic 
factors, the As-Vs interval, which influences the 
first sound. If there is present asynchronism in 
either auricular or ventricular contraction, there 
will be differences in As-Vs intervals on the two 
sides, depending in extent on the degree of asyn- 
chronism. Thus, if the P-R interval in any beat 
has associated with it different As-Vs intervals 
on the two sides of the heart, the effect af auricu- 
lar contraction on the two ventricles will not be 
strictly comj^iarablc. For example, if one ven- 
tricle begins to contract at the summit of the wave 
of auricular filling, it is likely that the other A'en- 
tricle will begin to contract on the ascending or 
descending slope of the wave, or ])ossibly even be- 
fore or after the wave. 

1 f it were possible to olitain accurate measure- 
ments of ,‘\s-\'s intervals on the two sides in pa- 
tients. the jiroblem would be greatly simplified. 
It occurred to us that the intervals between the 
beginnings of P waves and sound components 
might serve, at least to a certain e.xtent. as in- 
dicators of the .-\s-\*s intervals on the two sides 


of the heart. Such measurements fail to reflect 
asynchronism in the waves of ventricular, filling 
due to auricular contraction. However, if, as 
stated by Wiggers (8), main sound vibrations are 
associated with the rise of intraventricular pres- 
sure during the isometric contraction phase, it 
may reasonably be assumed that the interval be- 
tween the two components should reflect with con- 
siderable accuracy asynchronism in the onset of 
the isometric contraction phase of the two ven- 
tricles. On the basis of these considerations the 
variations in the sound components were studied 
with respect to the time relation of each com- 
ponent to the preceding P wave. 

The relation in Case I between the variations in 
amplitude of the two sound components and the 
interval from the beginning of the P wave to 
each sound component are shown in Table I. 1 he 
table shows that there is actually nothing hap- 
hazard about the variations of the sound com- 
ponents, even though they do vary independent!}' 
of each other. Each has its own clear cut defi- 
nite relationshijD to the P wave. Furthennore, it 
is of interest to note that the time zone of intci- 
vals between P waves and sound components, 
during which waves of large amplitude and wa\cs 
of small amplitude are recorded, differ hut little 
for the two components. These finding.'* ■i''L 
therefore, in accord with the postulate tliat one 
component is produced in one ventricle and tie 
other component in the other ventricle, aiul t lat 
the apparently independent variations aic ac 
tually dependent on different As-Vs interials 

the two sides. _ . . 

The objection may be raised that variatioii^ 

major vibrations from beat to beat, . 

continuous strip of tracing, do not nccessa'i} 
dicate variations in loudness of sounds, a 1 1 a 
intensity is supposed to vary as the sfiuar 
amplitude times frequency. As stated ahoie. '^^^ 
have paid considerable attention to this P"'" 
the study of first sounds and have fouiK t ia 
loudest sounds, as judged by auscultation. ^ 
corded with major vibrations of widest amp ' 
However, this correlation is of no 
portance so far as our presmit analysis i' 
cerned. The significance of the variatiO'^^ 
amplitude of vibrations, considered a> 
as to whether both components of soiim 
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TAT1I.F. 1 

The tujluciicc of 'oariotis A-l' time reintions on the tico 
eomfoiieiils of stlil first heart sounds. Jn each ease the 
dale shoien are ohlained from a sinfde eonlinnoiis tracing. 


Time intcnml 

Maximum 
amplitude of 
j sound vibrations 

P-Ror 

R-P 

P to 1st sound 
component 

P to 2nd sound 
component 

Isi com- 
ponent 

2nd com- 
ponent 

seconds 

sf^onJs 

Sfirnr.ds 

mm. 

mm. 


Case I 


R-P 





0.11 

-0.06* 

0.04 

8 

7 

0.09 

-0.04 

0.06 

10 

9 

0.07 

-0.02 

0.08 

9 

13 

P buried in 



8 

42 

QRS 





P-R 





0.02 

0.07 

0.17 

8 

42 

0.03 

0.08 

0.18 

9 

48 

0.05 

o.iot 

0.20 

18 

48 

0.07 

0.12 

0.22 

39 

38 

0.10 

O.IS 

0.2S 

34 

24 

0.11 

0.16 

0.26 

21 

22 

0.12 

0.17 

0.27 

25 

20 

0.16 

0.21 

0.31 

21 

5 

0.18 to 0.80 

0.23 to 0.85 

0.33 to 0.96 

8 to 11 

5 to 8 


Case II 


P buried in 



9 

7 

QRS 



9 

15 




11 

14 




12 

8 




13 

12 

P-R 





0.01 

0.05 

0.13 

15 

18 

0.02 

0.06 

0.14 

14 

20 

0.05 

0.09 

0.17 

13 

12 

0.06 

0.10 

0.18 

22 

10 

0.08 

0.12 

0.20 

53 

16 

0.09 

0.13 

0.21 

51 

15 

0.11 

0.15 

0.23 

42 

11 

0.14 

0.18 

0.26 

16 

7 

0.15 

0.19 

0,27 

30 

12 

U.lii to 0.55 

0.22 to 0.59 

0.30 to 0.67 

6 to 14 

6 to 13 


* The minus signs indicate that the P wave followed 
rather than preceded the sound component. 

t The numbers in heavy type indicate the time relations 
which are associated with significantly increased ampli- 
tude of sound vibrations. 

nated in a single ventricle or one from each ven- 
tricle, remains the same whether the variations in 
amplitude reflect variations of intensity or some 
other quality of the sounds. 


Case II. .\ young woman, 31 years old. had 
complete A-Y heart block, slightly increased in- 
traventricular conduction time (duration of QRS 
comple.N 0.11 second), a widely split first heart 
sound and a variation in loudness of the first 
sound from beat to beat. In these respects the 
findings were similar to those of Case I. except 
that the duration of QRS was less. Xumerous 
records of heart sounds were made, a sample of 
which is shown in Figure 4. In Figure 5. repre- 
sentative beats were selected from a continuous 
tracing to show the effect of various A—V rela- 
tions on the two components of the first sound. 
The measurements of amplitude of the largest 
vibration recorded for each sound component in 
a continuous strip of tracing are recorded in 
Table I, under Case II. The data are arranged 
with reference to the duration of the intervals 
between P waves and sound components, as in 
Case I. The variations in amplitude of vibrations 
of the first component were considerably greater 
than those of the second component, whereas in 
Case I the variations were slightly greater in the 
second component. However, the data in Case II 
(Table I) make it clear that in beats with rela- 
tively short As— \''s intervals the two components 
vary independently of each other. The zone of 
As-\’s intervals with maximum amplitudes of 
the first component is clearly displayed. Al- 
though the shortest As— \*s time intervals asso- 
ciated with maximal vibrations of the second com- 
ponent could not be clearly determined because 
the P wave was buried in the QRS complex, the 
longest intervals associated with maximal vibra- 
tions were nearly the same as in the case of the 
first component. The number of observations 
that could be made in a single strip, such as the 
one used, may be regarded as too few to be con- 
vincing. Similar data, however, were also ob- 
tained from other strips of tracing made at vari- 
ous times. 

The variations in the amplitude of the major 
vibrations of the two components of the first 
sound with reference to their relations to P waves 
in this case are of the same nature as those ob- 
seiwed in Case I. It is. therefore, unnecessarv- 
to repeat the points made to justify the conclusion 
that one component originated in the left ventricle 
and the other in the richt ventricle. 
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escape. Each cycle of the aboontMl „,ed,a,.is„, 
was terminated by an apparently premature ven- 
mu ar beat. The apparently premature ven- 
iicular beat occurred whenever an auricular beat 
agged far enough after the preceding ventricular 
beat to permit A-V conduction. The QRS com- 
p exes had a duration of 0.07 second, indicating 
the absence of intraventricular conduction defect. 

le hist heal t sound was found on auscultation 
to be split and also to vary markedly in loudness 
from beat to beat. 

_ The sound tracing (Figure 6) shows that varia- 
tions in amplitude of major vibrations of the tivo 
components of the hrst sound were, to a certain 
extent at least, independent of each other. Thus 
the amplitude might be (1) large in both com- 
ponents, (2) small in both, (3) large in the first 
and small in the second or (4) small in the first 
and large in the second. These various combina- 
tion are similar to those found in Cases I and II. 
The tracing shows that marked variations in ampli- 
tude of vibrations are associated with changes in 
P-R time inten^als. No accurate analysis of thi.s 
1 elation, however, can be made in Case III be- 
cause of the fact that the A'entricular arhythinia 
also influences the sounds (10). Nevertheless, 
the fact that the two components of sound are 
capable of vaiying indeiiendently of each other 
points, as in Cases I and II, to the ])OStulate that 
one component originates in the left ventricle and 
the other component in the right ventricle. 

The fact that in Case III there is no delay in 
intraventricular conduction, as in Cases I and Ik 
to account for asynchronism in the early jihnses ol 
ventricular contraction on the two sides, rc(]uire.' 
comment. In our previous stiKb' it was found 
that asvnchronism in the beginning of ejection 
from the two ventricles occurred in case.s wilii nor- 
mal intraventricular conduction and split fir.'! 
sounds (6). Whether these diffcrcncc.s in the 
ending of the isometric contraction ])hase (ejec- 
tion) were due to inequality in its duration on the 
two sides or to asynchronism in on.set or to b 'tb. 
could not be determined, fl'he dilTcrcnce.s in ih' 
two components of sound depending on .A.- A u;- 
tervals could be equally well accounted lor on tw ’■ 
retical grounds by asytichroni.sm in auricular -} -- 
tole on the two side.s. 'J'he jjarticnlar poni! v. 
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Fig. 6. Case III. The Lower Strip Is a Continuation of the Upper 


The variations in the two components of the first sound, particular]}^ tliose in the lower strip, are not 
entirely due to changes in A-V time relation but are doubtless also influenced by the ventricular arhythmia. 


wish to emphasize in this connection is that, al- 
though the mechanism responsible for the varia- 
tions in sound components cannot be demonstrated 
completely by the studies thus far made, the oc- 
currence of independent variations depending on 
changes of As-Vs intervals in cases without delay 
in the spread of intraventricular conduction is in 
no way inconsistent with the postulate that one 
component is contributed by each ventricle. 

Case IV. A man, 55 years old. had complete 
heart block but no intraventricular conduction de- 
fect (duration of QRS complex 0,08 second). 
Auscultation revealed the fact that the first heart 
sound was prolonged but not definitely split and 
that there were variations in loudness of the 
sounds, certain beats being much louder than 
others. A representative strip of the sound trac- 
ing obtained in this case is shown in Figure 7. 
Marked variations in am])litude of major vibra- 
tions of the first sound are present, depending on 
the duration of the .Xs-Vs interval. In this re- 
spect the behavior of the first sound corresponds 
with that observed in most other cases of com- 
plete heart lilock. 

The sound tracing (Figure 7) shows, during a 
certain range of F-K relations in which large 


vibrations occur, that as the interval shortens, (he 
position of the largest vibrations shifts from the 
first part of the prolonged sound to the last part. 
This behavior is so similar to that observed in the 
two components of the split first sound in Case.'' 
I and II as to suggest that prolongation of the 
sound is due to slight asynchronisin of the tvo 
components, not sufficient to cause actual sepata 
tion from each other, and that the mechanism le 
sponsible for the variations is essentially the .‘'•nnc 
as in Cases I and II. 

COM MENT 

Ail the facts available at this time appear to 
be consistent with the postulate that in -‘’plh ' 
heart sounds one major component is contiibntef 
by the right ventricle and the other major coin 
ponent by the left ventricle. J he altein.ili'e 
that both components arise in the left ventric c ^ ' 
that both receive contributions from each ceiitn ^ ^ 
seems improbable, at least so far as die c,i. < ^ 
have studied are concerned, kurtiiennoit, t 
is some evidence that single first sound> <ir(. ^ 

contributed to by a component from each ^ 
better synchronized than in the ca.-e oi 1 1 . . _ ^ 
sounds. It is, of course, jirobabic that m t'C- 
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cases, possibly in many cases, the contribution 
troni one ventricle may be negligible. 

It is of interest that the duality of the first 
sound ajipears to be analogous in certain respects 
to that of the second sound. We have previously 
shown that (1) splitting of the second sound is 
associated with a.synchronism in the ending of the 
ejection period from the two ventricles and must 
be due. therefore, as has been generally belie\-ed. 
to asynchronism in closure of the aortic and pul- 
monic valves (6) : ( 2 ) each component is a short 
sharp sound: and (3) imperfect synchronization 
results in a prolonged second sound (13). It is. 
therefore, highly probable that in most cases with 
single second sounds both sides contribute a com- 
ponent to the sound. Furthermore, it is note- 
worthy that bundle branch block, with its marked 
asynchronism of the entire ejection phase, tends 
to be associated with rather wide splitting of both 
the first and second heart sound ( 6 ). 

Our studies do not solve the problem as to how 
a sound component is produced in a ventricle, al- 
though they do show rather clearly that both sound 
components may be modified tremendously by rela- 
tively slight changes in .■\s-\'’s intervals. Fur- 
thermore. they indicate that in studies of the first 
sound the nature of the duality must be borne in 
mind, particularly in any investigation of the time 
relations of the sound. Failure to do so may 
result in serious error. 

In view of the remarkable relation betn'een the 
duration of .As-V's inter%-als and the loudness of 
the first sound, which is so clearly shown in deal- 
ing with single sound components, the recent con- 
tribution of Dock (14), regarding the mechanism 
of production of the first sound, requires com- 
ment. Dock has performed experiments on the 
A— V valves which he believes support the view 
that the first sound is produced by vibration of 
these valves. The experiments, however, which 
brought about modification or disappearance of 
the first sound included drawing a ligature tightly 
around the A— V groove, which apparently trapped 
blood within the ventricles but did not prevent 
them from “ contracting vigorously.” Thus, so- 
called isometric contraction with a volume of 
blood within the ventricles was obtained, the A— A' 
valves being held presumably immobile by the 
ligature around the A-V groove. 



616 


CHARLES C. WOLFERTH AND ALEXANDER MARGOLIES 


In our oj^inion it is difficult to draw conclusions 
regarding the first sound from this interesting 
experiment. The production of sound requires 
the application of an appropriate force to a struc- 
ture capable of vibrating within the frequency 
range of audibility. Therefore, if conclusions are 
to be drawn from experiments in which one 
source of vibrations is eliminated, it is necessary 
to control the application of force so that possible 
vibrations of other structures are not suppressed. 
Wiggers has pointed out that variations in systolic 
dischai'ge and arterial resistance markedly influ- 
ence production of sound (15). However, the 
fact illustrated in Table I of this paper, that a 
change in the P-R interval of not more than 0.03 
to 0.04 second is associated with change from 
large to small amplitude of sound vibrations with- 
out material change in the pulse volume, as 
shown by optically recorded pulse tracings, indi- 
cates clearl}' and significantly the delicate balance 
of factors concerned in production of heart 
sounds. 

There are a number of facts which support the 
view that the factor initiating the major vibra- 
tions of the first sound is the rise of intraventricu- 
lar pressure, which results from tlie force exerted 
b}^ ventricular contraction on the ventricular con- 
tent, during the isometric contraction phase. So 
far as we are aware, there is no evidence against 
such a ijostulate. Observations on patients with 
various levels of blood pressure suggest that the 
gradient of this rise of intraventricular pressure 
may be quite as important in production of sound 
as its extent, possibly even more so. Thus, some 
patients with low .systolic blood pressure have 
louder first sounds than other patients with high 
systolic pressure. It seems quite possible that ex- 
periments of a type which presumably modify 
ventricular dynamics so much as is to be ex{)ected 
from ligature of the auriculoventricular groove, 
might modify to a considerable extent the gradient 
and the extent of the rise of intraventricular pres- 
sure. In view of the fact that, as has been dem- 
onstrated In- the study of .As-Ws intervals, even 
slight changes may cause tremendous variations 
in sounds, it does nut seem unreasonable to su])- 
pose that the di,-:appearance of sounds, noted In- 
nock in the course of hi> e.\[)eriment, may he 


due at least in part to changes in ventricular dv- 
namics rather than wholly to immobilization of 
the A-V valves. Therefore, it does not appear 
to be established that immobilization of the valves 
per se is the important factor in the suppression 
of the sounds. The question as to what anatomi- 
cal structure or structures supply the most impor- 
tant vibrations during ventricular contraction re- 
mains, in our opinion, an unsolved problem. 

AVe have provisionally adopted the following 
vfiews regarding the first heart sound, subject to 
modification as a result of future investigation: 
(a) the important dualit}'- of the first sound is 
due to the contribution of both right and left 
ventricular components; {h) each component is 
})roduced during the ventricular isometric con- 
traction phase and is associated with the period ot 
rapidl}^ rising pressure; (c) factors which modify 
the curve of rising pressure will modify the 
sound. One of the most important of such fac- 
tors is the wave of ventricular filling produced In 
auricular contraction, which, by influencing (1) 
intraventricular volun:e, (2) initial intraventricu- 
lar pressure and possibly also (3) the ])osition o 
the A-V valves at the instant ventricular contrac- 
tion begins, may exert a profound influence on 
sound production. Clinical observation indicates 
that the physiological state of the ventricles is 
also a factor. Thus, in hyperthyroidism the first 
sound tends to be loud; when the veutiicular ac 
tion is weakened, as in the common type of hum e 
branch block, acute coronary occlusion or a mori- 
bund state, the first sound tends to he fam • 
However, weakened ventricles, unable to main 
tain cardiac compensation, are frequenth cap.iie 
of contributing loud sounds, (d) The time re*^ 
tions of the isometric contraction phase in t le " 
ventricles determines whether the fir.st souik m ^ 
be short, prolonged or split. It is i)rohahle, 
e\-er. that certain first sounds are short 
of failure of one ventricle to make a 
contribution to the sound, (c) Heait 
influenced by the physical ])ro])erties of tlie 
ture or structures set into vibration aiid are 
fled by the physical ])ropcrties ot strut ■ 
through which these vibrations are traimun 
the surface of the chest. It has not bet ^ 

mined what structure or structures contri nu 
most inqjortant sound vibrations. 
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SUMMARY 

1. Two cases are presented, both exhibiting 
complete heart block and split first heart sounds. 
Heart sound tracings showed marked variations 
in amplitude of vibrations in each component of 
the split sounds. During certain ranges of P— R 
relations the variations in the two components ap- 
peared to be independent of each other. 

2. Evidence previously obtained suggests that 
in cases %\nth split first heart sounds there is asyn- 
chronism in the isometric contraction phase of the 
two ventricles, corresponding to the split between 
the two components. This affords a reasonable 
e.xplanation for the \-ariations in the two sound 
components, namely, that they are due to differ- 
ent As-Vs intei-\'als on the two sides of the heart. 
Furthermore, the range of As-Vs intervals asso- 
ciated with increased amplitude of waves differs 
but little for the hvo components. Thus, the ap- 
parently haphazard variations in the secontl com- 
ponent are found to be of the same nature as the 
variations in the first component. Both com- 
ponents behave as do single first sounds when 
they are influenced by As-Vs inten'als which 
change from beat to beat. 

3. In a number of beats recorded, particularly 
in Case II, the P wave falls so late with reference 
to the first sound component that auricular con- 
traction could not have materially influenced this 
component, although marked increase of ampli- 
tude in the waves of the second component occur. 

4. In Case III (in which changes in As-Vs 
inten'als are due to ventricular escape) inde- 
pendent variations in the two components of the 
first sound occur, which are similar to those ob- 
sen'ed in Cases I and II. This case is not as 
favorable for analysis as Cases I and II because 
the presence of ventricular arh}'thmia may also 
influence the first heart sound. 

5. Case IV shows complete heart block and a 
prolonged first sound. During a certain range of 
P— R relations the first part of the sound” is repre- 
sented by vibrations with large amplitude, and 
during a slightly shorter range the last part of 
the sound is represented by sounds with large 
amplitude. Since this behavior corresponds to 
that of the two components of a split first sound 
during certain ranges of P— R inter\’als, it sug- 


gests that the prolongation of the first sound is 
due to slight asynchronism of the two major 
sound components. 

6. All the findings in our cases are in accord 
with the postulate that one main component of 
the first sound is contributed by one ventricle and 
the other main component by the other ventricle. 
They lend no support to the Hew that both com- 
ponents arise in a single ventricle and, as a matter 
of fact, cannot be accounted for on such a basis. 

7. It is suggested, on the basis of present 
knowledge, that major sound vibrations in each 
ventricle are assodated with the period of rapidly 
rising pressure of that ventricle during the iso- 
metric contraction phase and that factors W'hich 
modify the cur\'e of rising pressure also modify 
production of sound. The volume of sound does 
not necessarily parallel the extent of rise of intra- 
ventricular pressure; the sounds are capable of 
■v’arj'ing independently of the output (as shown 
by optically recorded arterial pulse waves) ; it is 
probable that the gradient of rise of pressure is 
the most important factor. It has thus far not 
been determined what structure or structures con- 
tribute the main sound vibrations in response to 
the application of force initiated by the contrac- 
tion of the ventricular muscle upon the ventricular 
contents. 
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The purpose of this communication is to pre- 
sent eHdence concerning two important questions 
of thyroid physiology-. 

1. Is the calorigenic activity of the thjToid 
gland proportional to its thjTOxine content as de- 
termined chemically or to its total iodine ? 

2. Is the toxicity obser\-ed in Graves’ disease 
caused entirely by an excessive secretion of nor- 
mal thyroid hormone or is it due wholly or in part 
to the elaboration of an abnormal substance more 
toxic than the normal hormone? 

In reference to the first question, the role of 
thyroxine in relation to the actiHty of the thjToid 
gland, there is disagreement among the several 
workers in the field. Hunt and Seidell (1), using 
a method in which the minimum lethal dose of 
acetonitrile for thyroid treated mice is determined 
and compared with that for untreated control 
mice, found a constant parallelism between the 
activity- and the total iodine content of the thyroid 
preparations tested. Krogh and Lindberg (2) 
found that the increase in oxygen consvnnption of 
guinea pigs was proportional to the total iodine of 
dried thyroid gland when they used normal hog 
thyroids and the thy-roid glands of patients with 
simple goiter or with exophthalmic goiter success- 
fully treated with iodine. When, however, glands 
from exophthalmic goiter patients who were not 
treated with iodine or who failed to respond to 
treatment were used, the biological actmty per 
milligram of total iodine was less than that of nor- 
mal glands. Means, Lerman and Salter (3), us- 
ing preparations analyzed for thyroxine by the 
method of Harington and Randall (4), have con- 
cluded from work with myxedema patients that 
the activity- of desiccated thyroid gland is propor- 
tional to its total iodine content. Working also 
with myxedema patients, Thompson, McQellan, 
Thompson and Dickie (5) reported similar results 
in their earlier work but more recently- (6) have 
obtained figures that lead them to doubt their first 


conclusions and to consider that the question re- 
mains unans\\-ered. 

Mdrch (7) studied six commerdal thyroid 
preparations by measuring the carbon dioxide out- 
put of mice before and after dosage but failed to 
find a paralleh'sm betv\-een the total iodine content 
and the effect on metabolism. The same conclu- 
sion was reached by Kireitmair (S) who followed 
the loss in weight of guinea pigs after the admin- 
istration of the glands. 

Gaddum and Hetherington (9), using Mp'rch’s 
method, found only- a rough proportionality- be- 
tween the calorigenic activity of a series of thy- 
roid gland preparations and their thyToxine con- 
tent, estimated according to the method of Har- 
ington and Randall. On the other hand. Rotter 
and Mecz (10) and also Sjogren and Limdgren 
(11) obtained a fairly uniform proportionality 
between thynoxine content and potency as meas- 
ured by the loss of weight in gmnea pigs by- the 
method of Freud and Nobel (12) and Kreitmair 
(8) obtained a fairly imiform proportionality be:- 
tween the calorigenic effect and the thy-roxine 
content. 

To obtain eHdence with reference to these 
questions it was decided to make comparisons be- 
tween the calorigenic activity- of a commercial thy- 
roid preparation, used as a standard, and desic- 
cated thy-roid preparations in which the ratios of 
thy-roxine iodine to total iodine "i-aried widdy 
from the standard. With such a series of prep- 
arations it should be apparent w-hether the activity- 
is parallel to the total iodine or to the thy-roxine 
iodine content. It has been shown previously in 
this laboratory that pathological glands may- be 
found with widdy varying ratios of thyroxine io- 
dine to total iodine 

METEOD 

The preparations studied w-ere: (1) a com- 
mercial thy-roid pow-der of Burro-ughs M dicome 
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Co. (the “standard”), (2) nine human thyroids 
(both normal and pathological), (3) another 
commercial preparation, (4) a specimen of hog 
thyroglobuiin, and (5) pure crystalline thyroxine. 
The thyroid preparations were analyzed for total 
iodine by a modification of Kendall’s method (13) 
and for thyroxine by the method of Leland and 
Foster (14). It is believed for reasons previously 
given (14) that the figures obtained by the 
method of Leland and Foster more closely ap- 
proach the true thyroxine values than do those by 
the method of Harington and Randall (4) which 
gives much higher results. 

Since it was considered advisable to study indi- 
vidual human thyroid glands the available mate- 
rial for experimentation was limited and it be- 
came necessary, therefore, to use small animals. 
The method devised by M^rch in which the test 
animals used are mice was attempted but in our 
hands (15) proved unsatisfactory. A change 
was made, therefore, to the procedure recom- 
mended by Krogh and Lindberg (2), that of de- 
termining the oxygen consumption of guinea pigs. 
In the main the experimental details suggested by 
these workers were adhered to closely. Minor 
changes made in the method will be described to- 
gether with details of diet not mentioned by 
Krogh and Lindberg. 

Male guinea pigs, from 600 to 800 grams in weight, 
obtained from the same stock throughout the investiga- 
tion, were fed a dry diet consisting of two parts by 
weight of crushed oats to one part of bran supplemented 
by carrots and 80 grams of lettuce daily. The animals 
were transferred to starvation cages from 12 to 14 
hours before the metabolism was determined. In spite 
of tlfe long daily starvation period, the animals main- 
tained their weight or gained on the diet except in two 
or three instances. In those cases where a steady weight 
loss was noted during the preliminary period the animals 
were discarded. 

After an interval of several days during which the ani- 
mals became adjusted to the experimental conditions, the 
normal resting metabolism (consumption of oxygen) 
was determined dail}', including Sunday, over a period 
of six to ten days before thyroid administration was 
begun. Since some animals showed considerable varia- 
tion in their Os consumption from day to day, this rela- 
tively long period was considered necessary to obtain a 
fair average normal. A mean for each animal was cal- 
culated from all of the values found over this period. 
The average deviation of the individual values from their 
me.m was 3.4 per cent. 


Immediately following the determination of the nor- 
mal, thyroid administration was begun and was con- 
tinued over a fourteen day period. Every other day the 
animal was given by mouth a dose of a W'atery suspen- 
sion of gland material. No difficulty was encountered in 
giving the dose as preliminary training in drinking from 
a pipette had been accomplished during the period of 
adjustment. Throughout the experimental period the 
metabolism was determined daily, A ISO cc. spirometer 
was used and the oxygen consumption recorded on Bene- 
dict-Roth kymograph sheets of the type used with their 
portable apparatus. These sheets also served as a record 
of the activity of the animal, for any movement within 
the metabolism chamber changed the pressure and caused 
a rise and fall of the needle on the graph. Instead of 
using a pump, the respiration chamber was aerated by 
means of a rocking device (16) containing 40 per cent 
potassium hydroxide for the absorption of carbon di- 
oxide. Analysis of the air in the system showed that the 
carbon dioxide was promptly absorbed. The determina- 
tions themselves covered a period of one hour instead of 
30 minutes. The first IS minute period during which the 
temperature throughout the system was becoming con- 
stant was discarded. Three ten minute periods were then 
obtained; if all three or two of these three periods 
agreed within 5 per cent, the results were accepted an 
averaged. 

All results are expressed in oxygen consumption per 
square meter of surface area per i^ute using Mcehs 
formula for surface area, S — (tii — weight m 

kgm.), with Rubner’s factor, ^ = .085, for guinea pigs- 
The average normal resting metabolism of 116 toa c 
guinea pigs was found to be 97 cc. oxygen per square 
meter per minute with_a_ dispersion of — 13 and a stan 
ard deviation (<r= V2.rViV) of 5.3. The percentage m- 
crease in oxygen consumption following administration 
of thyroid was computed on the basis of the indm ua 
animal’s normal average and not on the group norma 
average as was done by Krogh and Lindberg. 

experimental 

In order to establish the relation between size 
of dose and magnitude of response, the stan ar 
preparation, Burroughs Wellcome, was given in 
amounts containing 4.50, 2.25, 1.69, l-l 
0.56 mgm. of total iodine per square meter o 
surface. The corresponding thyroxine ioclmc con- 
tents of the standard at these levels of ciosag 
were 1.05, 0.52, 0.39, 0.26, and 0.13 mgm. 
Figure 1 a complete picture is given of the 
creases in oxygen consumption obsene , 

entire 14 day period at each of the dtfTeren ^ 
of dosage. The curves are composite 
tained by averaging each day the oxygen a 
tion of all of the individual animals o i- . 
receiving the dose. From the lowest cur' ■ 
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Fig. 1. Composite Curves Obtained by Averaging 
Daily the Oxygen Consumption op All op the Ani- 
mals OP Each Group Receiving the Standard Prep- 
aration, Burroughs Wellcome Company Thyroid. 

Gland was administered every other day for 14 days at 
five different levels of dosage. Crosses indicate values 
obtained in Curve 3 when two unsatisfactory animals 
were omitted from the group. 

mgm. thyroxine iodine) to the next above (0.26 
mgm. thyroxine iodine) a definite increase in oxy- 
gen absorption is observed over the entire period. 
The third curve (0.39 mgm. thyroxine iodine) is 
not significantly higher than the second curve 
(0.26 mgm. thyroxine iodine) until the end of 
the dosage period is reached. This is due to the 
inclusion in the series of the low results obtained 
on two animals that could not be kept awake until 
toward the end of the experiment. The crosses 
indicate the position of the curv'e when these ani- 
mals were excluded from the series. The last 
three days of the experimental period were not 
complicated by this factor. Although the dose of 
thyroxine iodine given to the animals of the fifth 
curve (1.05 mgm. thyroxine iodine) was twice 
that of the fourth curve (0.52 mgm. thyroxine 
iodine) the oxygen consumption was only a little 
greater showing that the amount given was out- 
side the range of sensitivity. At this high level 
of dosage the increase in oxygen consumption is 
no longer proportional to the dose administered. 
The total iodine content of the dose at this level 
was 4.5 mgm. per square meter of surface, the 


amount chosen by Krogh and Lindberg as their 
standard dose. 

Following the procedure of Krogh and Lind- 
berg, a value was obtained by averaging the in- 
creases in oxygen consumption observed on the 
twelfth, thirteenth, and fourteenth days of the 
experimental period which was regarded as the 
full effect of the dose administered. When the 
standard preparation was given in amounts con- 
taining 2.25, 1.69, 1.13 and 0.56 mgm. of total 
iodine per square meter of surface, a linear rela- 
tionship between the increases in oxygen con- 
sumption is observed as may be seen by referring 
to Figure 2. The mean increases in oxygen con- 
sumption obtained at the four points which locate 
the line are respectively 61, 47, 35 and 22 per 
cent. The amotmt of thyroxine iodine given at 
each of these levels was 0.52, 0.39, 0.26 and 0.13 
mgm. per square meter. Within this range of 
dosage, therefore, a difference of 0,13 mgm. thy- 
roxine iodine given results in an appredable dif- 
ference in oxj’gen consumption. Beyond the 
highest point shown in Figure 2 the curve flattens 



Fic. 2. Curve Showing the Increase in O.xycen 
Consumption or Guinea Pigs Receiving the Standard 
Preparation, Burroughs WEtxcoiiE Companw Thy- 
roid, AT Four Dieterent Levels or Dosage. 

Each solid dot represents the mean oxygen consiunji- 
tion on the 12th, 13th, and 14th days of the dosage 
period. 
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out, since an increase of only 68 per cent results 
when 1.05 mgm. thyroxine iodine (4.5 mgm. total 
iodine) per square meter is administered. Krogh 
and Lindberg used 4.5 mgm. of total iodine as 
their standard dose but obtained an increase in 
oxygen consumption of only 30 per cent as com- 
pared with our increase of 68 per cent at that 
level. The difference in activity between our 
standard preparation and the one employed by 
Krogh and Lindberg is probably explained by a 
difference in thyroxine content. Since toxic 
.symptoms were observed with thyroid doses pro- 
ducing increases in oxygen consumption of 61 
and 47 per cent it was decided to use, when suffi- 
cient gland was available, the 35 per cent level of 
dosage with which to make comparisons of prep- 
arations to be studied. 

The accompanying weight losses observed with 
the various dosages of the standard preparation 
are shown in Table I. As there is only a rough 
correlation between weight loss and thyroid dos- 
age, the determination of the oxygen consumption 
is the more delicate method of estimating biologi- 
cal activity. 

Having established the mean increase in oxy- 


TABLE I 

Weight losses accompanying different levels of dosage of 
Burroughs Wellcome thyroid 


Dosage per square meter I 

Average increase 
in oxygen 
consumption ^ 

Average weight 
loss on 14th day 

Total 

iodine 

1 

Thyroxine j 
iodine ] 

mgm. 

mgm. j 

per cent j 

per cental aeeroge 
initial body eceigki 

0.56 

0.13 

22 

6.6 

1.13 

0.26 

35 

6.6 

1.69 

0.39 

47 

12.8 

2.25 

0.52 

61 

13.3 

4.50 

1.05 

68 

22.3 


gen consumption produced by administration of 
standard normal thyroid in dosages indicated 
above, the next step was to compare the calori- 
genic effect of the standard with that of other 
thyroid preparations in equi-thyroxine iodine dos- 
age. Twelve preparations were compared in equi- 
thyroxine doses with the standard. These con- 
sisted of nine human thyroid glands (both normal 
and pathological), a commercial thyroid prepara- 
tion, hog thyroglobulin and pure crystalline thy- 
roxine. In Table II may be found the chemical 
analyses and types of glands employed. All anal- 


TABLE II 

Iodine partition of thyroid gland preparations 


Preparation 


Burroughs Wellcome Co. 
Standard 


Swan- Meyer. . 

Case 9 

Case 11 

Case P 

Case R 

Case H 

Case B.C 

Case M 

Case W 

Case M.C. . . . 
Thyroglobulin 


Description 


Commercial preparation 


Commercial preparation 14425, Number 
219 

Human : Normal thyroid. Series Gutman 
et al. 

Human: Normal thyroid. Series Leland 
and Foster 

Human: Non-toxic nodular goiter 
Human: Non-to.\ic nodular goiter 
Human: To.xic diffuse goiterf 
Human: Toxic diffuse goiterf 
Human: To.xic diffuse goiterf 
Human: Toxic diffuse goiterf 
Human: Toxic diffuse goiterf 
Hog thyroids 


Iodine content drj' gland 


Total 


per cent 


0.254 


0,082 

0.629 

0.237 

0.049 

0.0575 

0.143 

0.215 

0.360 

0.237 

0.198 

0.622 


Thyrox- 

ine 


per cent 


0.0593 


0.011 

0.0687 

0.0742 

0.0041 

0.0041 

0.0077 

0.0189 

0.109 

0.0622 

0.028 

0.213 


Thyroxine I 
TotaTT' 


per cent 


23.3 


13.4 
10.9 

31.5 

8.4 
7.1 

5.4 

8.8 

30.3 

26.2 

14.1 

34.2 


Dose administered* 


Thyrox- 

ine 

iodine 


msm. 

per 

square 

meter 


0.13 

0.26 

0.39 

0.52 

1.05 

0.13 

0.26 

0.26 

0.13 

0.13 

0.13 

0.26 

0.26 

0.26 

0.13 

0.26 


Total 

iodine 


mgm. 

per 

square 

melee 

0.56 

1.13 

1.69 

2.25 

4.50 

0.9S 

2.30 

0.82 

1.57 

1 . 8-1 

2.44 

3.00 
0.87 

1. 00 
0.93 
0.77 


• Dose administered eveiy- other day for 14 days, 
t Patient received iodine before operation. 
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yses for total iodine and thyroxine iodine were 
made by Dr. G. L. Foster to whom we are greatly 
indebted. As the thyroxine per cent of total io- 
dine is low the best glands for comparison with 
the standard are Cases 9, P, R, H and B.C. The 
total iodine contents of these preparations are 
respectively 2, 2.8, 3.3, 4.3 and 2.7 times as great 
as in an equi-thyroxine dose of the standard. 

RESULTS 

The experimental results obtained over the en- 
tire fourteen day period of dosage are shown in 
Figures 3 to 14, and the results found by averag- 
ing the oxj’gen consumption on the 12th, 13th 
and 14th days are given in Table III. 




Figures 3 to 14 show composite curves obtained 
by averaging the animals of each group. In each 
figure the preparation to be compared with the 
standard is shown together with tiivo Burroughs 
Wellcome cur\’es, one the exact thyroxine iodine 
equivalent and the other the nearest total iodine 
equivalent taken from Figure 2. In the cases 
where none of the standard curves represented an 
approximate total iodine equivalent, the curves 
above and below the theoretical are shown. In 
these curves the increase in oxygen consumption 
obtained with the thyroid preparation investi- 
gafed would approximate that obtained with an 
equi-thyroxine iodine dosage of the standard if 
the calorigenic effect were proportional to the 
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Figs. 3 to 13, Inclusive. Comparisons Betv.'een Increases in Oxygen Consumption Produced by tee STAjn> 
ARD Thyroid Preparation, Burroughs Wellcome Compant, and Human Thyroid Gl-anb Peep.arations. 

Broken line ( ) represents the increase in oitygen consumption observed after administration of an amount of 

the standard thjToid preparation containing the same dosage of thjxoxine iodine as of the im-knoiro preparation ( } 

given. Broken line ( •) represents the increase in oxygen consumption of the standard after administration of 

a dose containing an amount of total iodine approximately equivalent to that in the vmknoivn preparation. Standard 
curves are taken from Figure 1. Points are obtained by averaging the increase in oxj-gen consumption of all of the 
animals of a group. 

table ni 


Effects o/ administration of desiccated thyroid, tkyroglobulin and thyroxine to guinea pigs 


Preparation 

Animal 

number 

Increase in Os 
consumption 

Mean increase is 0? consmptte 
resulting from admimstratfos cf 
standard, Buirougbs Welcome 

Average xsefgttloss 
cs day with 

unJeno’ss i^^para- 
ticcs 

Mean of last 

3 days of tndi- 
vidnal animals 

Mean of 
group 

In equithyroiine 

I dosage 

la cqnitotal 
iodine dosage* 


M 

fer coit 

frr ur.t 

fer cent 

f cr cent 

ceni cf aerzis 
ir.giicl 

Case 9. Normal 


30.7 







48J 






mM 

34.9 






75 

34.6 

31.5 

35.3 

64.0 

8.0 


76 

27.9 






77 

21.2 






78 

23.0 





Case 11. Normal 

63 

39.7 






65 

43.7 






66 

36.6 

36.3 

35.3 

29.0 

9j 


67 

31.8 






68 

34.2 






69 

31.8 





Swan-Meyer-t Commercial 

112 

31.9 







33.6 






114 

38.3 

36.6 

22.2 

33.0 

12.7 


115 

40.7 






116 

40.6 






117 

34.3 






Each figure represents the increase in O* consumption which would be expected to result from a dose of Burroughs 
W ellcome, standard, containing the same amount of total iodine as the dose of the unknown preparation gh-en. Figures 
are interpolated from the standard curve (Figure 2). 

t Experiment was repeated with a second group of animals — similar results were obtained. 
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Figs. 3 to 13, Inclusive. Comparisons Betwten Increases in Oxygen Con'eumption Produced by the Stand- 
ard Thyroid Preparation, Bupjiouchs Wellcome Company, and Human Thtcoid Gl.^.nd Pp.ep.ap.a— ons. 

Broken line ( ) represents the increase in oxygen consumption observed after administration of an amount of 

the standard thjToid preparation containing the same dosage of thjToxine iodine as of the unknown preparation { ) 

given. Broken line ( ) represents the increase in oxygen consumption of the standard after administration of 

a dose containing an amount of total iodine approximately equivalent to that in the imkno-wn preparation. Standard 
curv'es are taken from Figure 1. Points are obtained by averaging the increase in oxygen consumption of all of the 
animals of a group. 


TABLE in 


Effects of administration of desiccated thyroid, thyroglobulin and thyroxine to guinea pigs 


Preparation 

Animal 

number 

Increaf e in Os 
consumption 

Mean increase in Os consumption 
resulting from administration of 
standard. Burroughs Wellcome 

Average freight lot s 
on I4th day -with 
unknovm. prepara- 
tions 

Mean of last 

3 days of indi- 
vidual animals 

Mean of 
group 

In equi thyroxine 

I dosage 

1 In equitotal 
iodine dosage* 


R 

per ccKl 

per crr.l 

per ctnt 

1 

j per cent 

per cent cf ceereze 
irMicl body xseiihi 

Case 9. Normal 


30.7 






mSm 

48d 







34.9 






75 

34.6 

31.5 

35.3 

64.0 

8.0 


76 

27.9 






77 

21.2 






78 

23.0 





Case 11. Normal 

63 

39.7 






65 

43.7 






66 

36.6 

363 

353 

29.0 

93 


67 

31.8 






68 

34.2 






69 

31.8 





Swan-Meyer.t Commercial 

112 

31.9 






113 

33.6 






114 

383 

36.6 

22.2 

33.0 

12.7 


115 

40.7 






116 

40.6 






117 

343 






Each figure represents the increase in Oj consumption which would be expected to result from a dose of Burroughs 
Wellcome, standard, containing the same amount of total iodine as the dose of the unknown preparation given. Figures 
are interpolated from the standard curve (Figure 2). 
t Experiment wns repeated with a second group of animals — similar results were obtained. 
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TABLE III — Continued 


Preparation 

Animal 

number 

Increase in Oi 
consumption 

Mean increase in Or consumption 
resulting from administration of 
standard. Burroughs Wellcome 

Average weight loji 
on t4th day with 
unknown'prepara- 
tions 

Mean of last 

3 days of indi- 
vidual animals 

Mean of 
group 

In cqui thyroxine 
I dosage 

In equitotal 
iodine dosage* 



per cent 

per cent 

per cent 

per cent 

per cent of atercit 
initial body miikt 

Case P. Non-toxic nodular goiter 

29 

22.1 






30 

20.0 






32 

23.6 

22.0 

22.2 

47.0 

7.2 


33 

22.3 






34 

25.9 






35 

17.9 





Case R. Non-toxic nodular 

38 

23.1 






44 

38.4 






46 

18.3 

26.4 

22.2 

53,0 

4.4 


47 

24.6 






48 i 

24.2 





, 

49 

30.0 





Case H. Toxic diffuse goiter 

72 

22.7 






80 1 

17.4 






81 

21.4 

20.2 

22.2 

65.0 

2,4 


82 

20.8 






83 

22.5 






84 

16.1 





Case B.C. Toxic diffuse goiter 

85 

34.7 






86 

39.8 






87 

41.7 

38.3 

35.3 

65.0-}- 

5.9 


88 

36.5 






89 

40.7 






90 

36.2 





Case W. Toxic diffuse goiter 

91 

27.9 






94 

44.1 



„ „ i 



95 

42.7 

43.3 

35.3 

33.0 1 

oJ 


96 

62.4 






97 

36.7 






98 

46.1 






Case M.f Toxic diffuse goiter 

100 

37.9 






101 

57.4 




1 0 ^ 


103 

42.0 

42.1 

35.3 


11,0 


104 

45.2 






105 

28.2 




— — • 

Case M. C.f Toxic diffuse goiter 

106 

29.9 


h* — 




107 

28.1 




8.2 


108 

25.0 

26.1 

22.2 



109 

30.4 






110 

30.4 






111 

12.9 





Pure thyroxine as di-sodium salt by mouth 

16 

23.2 

After 





18 

8.6 

14 days 





19 

21.3 




0.0 


20 

21.1 

17.9 

35.3 




21 

14.8 






22 

18.4 




— 

Thyroglobulin. Hog... 

118 

28.8 






119 

49.3 




11.8 


120 

36.7 

34.8 

35.3 




122 

25.0 






123 

34.0 
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thyroxine iodine. If, however, the calorigenic 
effect were proportional to the total iodine, the 
increase in oxygen consumption would approxi- 
mate an equi-total iodine dosage of the standard. 
As will be seen from a study of these cur\'es, 
with the exception of one case, a satisfactoiy cor- 
relation was observed between the calorigenic ef- 
fect and the thyroxine iodine content of the series 
of preparations. 

The glands from Cases 9 and 11 (Figures 3 
and 4) are human thyroids removed from ap- 
parently normal individuals who had met with 
sudden traumatic death. Histological examina- 
tion showed the tissue to be normal. The cur\-e 
of Case 9 follows closely the thyroxine iodine 
equivalent curve of the standard, and the results 
of this experiment, therefore, are strikingly in 
favor of the thyroxine iodine as a measure of the 
calorigenic acti\nty of the preparation. On the 
basis of the total iodine content of the dose ad- 
ministered (2.3 mgm.) an increase in the oxygen 
consumption of more than 61 per cent (average 
of the last 3 days) would have been expected. 
An average increase of 31.5 per cent was ob- 
tained, which agrees with the thyroxine iodine 
equivalent of the standard 35.3 per cent suffi- 
ciently well for this type of work. A better 
agreement, 36.3 per cent, was obtained with Case 
11 (Figure 4), although the results as a whole 
are not as striking since the total iodine content 
did not differ as widely from the standard. If 
the activity were proportional to the total iodine 
the curve should fall in this case between the two 
standard curves shown. 

Figures 5 and 6 (Cases P and R) show results 
obtained with two non-toxic nodular glands. 
There can be no doubt in either of these cases 
that the activity parallels the thyroxine fraction 
of the total iodine. 

The calorigenic effect of the preparations from 
cases of toxic diffuse goiter, H, B.C., M, W and 
M.C., are shorni in Figures 7, 8, 9, 10 and 11 
r^pectively. In the two preparations from toxic 
diffuse glands. Cases H and B.C., plotted in Fig- 
ures 7 and 8, the increase in oxj'gen consumption 
is in striking agreement with the standard based on 
equi-thyroxine dosage, notwithstanding the large 
non-thyroxine iodine moietj- in these tn-o glands. 
The preparations from Cases M, W, and M.C., 


also toxic glands, recorded in Figures 9, 10 and 
11, caused a slightly greater increase in oxj'gen 
consumption than might be expected when com- 
pared with the standard. In each of the two ani- 
mal groups to which preparations from Cases M 
and W were administered there was a hj-persensi- 
tive animal which raised the average (see Table 
III). Discrepancies of this type are to be ex- 
pected with the method employed. 

The commercial thyroid preparation of Swan- 
Meyer is included in the series (Figure 12). The 
increase in oxygen consumption obsen,'ed when 
this preparation was given to six guinea pigs is 
higher than would be expected on the basis of its 
thyroxine content as determined by chemical anal- 
j'sis. Since this was the only preparation which 
proved to be inconsistent with the thyroxine- 
oxygen consumption relationship the experiment 
was repeated and the same result was obtained. 
While the unbroken line of Figure 12 should fall 
on the lowest standard curv'e in order to regard 
the activity as parallel to the thyroxine content, it 
actually falls above the theoretical total iodine 
cur\'e. It is possible that some “ filler ” was pres- 
ent in this commerdal preparation w'hich inter- 
fered with the correct determination of thyroxine. 
An effort was made to obtain more material for 
further chemical investigation but unfortunately 
the company had ceased to make the product. 

A comparison was made between the standard 
and a thyroglobulin preparation kindly supplied 
by Dr. M. Heidelberger. This material had not 
been submitted to any process of drj'ing. The in- 
crease in oxj’gen consumption observed (Figure 
13) was practicallj- identical with the equi-thjTox- 
ine dose of the standard. From this it was con- 
cluded that the process of drj’ing emploj-ed for 
our desiccated thj'roid material had not decreased 
the biological activitj’. 

A summarj’ of the results of this investigation 
is shown in Figure 14. When the increase in 
oxygen consumption is plotted against the total 
iodine content of the dose of thjToid admin- 
istered, the results show a marked scatter. How- 
ever, when plotted against thjToxine content, the 
results (with the exception of one mentioned 
above) are found to group themselves closely 
about the points representing equivalent amounts 
of thjTOxine iodine in the standard. From these 
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Calori GENIC Effect of Normal and Pathologi- Calorigenic Effect of Normal and Patho- 
CAL Thyroid Gland Preparations When Admin- logical Thyroid Gland Preparations When 
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Fig. 14. 



Fig. 15. Comparison Betw’een Increases in Oxygen Consumption Produced by i-; 

\\’'ellcome Company Thttioid, and the Di-sodium Salt of Racemic Thyroxine When Admi.-i-^‘ 
Equi-thyroxine Iodine Doses. 
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results it seems reasonable to conclude that the 
calorigenic activity of desiccated thyroid prepara- 
tions is proportional to the th3TOxine iodine con- 
tent as determined chemically rather than to the 
total iodine content of the gland. 

A comparison (Figure 15 ) vas made between 
the standard and pure ciy'stalline thyroxine ^ in 
alkaline solution. After 14 days of dosage a 
mean increase of only 17.5 per cent in the oxA'gen 
consumption was observed as compared with 35.3 
per cent obtained with an equi-th3Toxine dose of 
the standard. To eliminate the possibilit3' of fail- 
ure of absorption, two of the six animals of the 
group were chosen as controls and were given the 
same dose 63’ mouth over a second 14 da3- period 
while the remaining four were injected subcuta- 
neousl3'. At the end of the second 14 da3' period 
(total of 28 days) the two animals receiving the 
dose by mouth showed an increase in ox3-gen con- 
sumption of from 17.5 to 25 per cent, while those 
who had been injected had only increased from 
17.5 to 18.5 per cent. In other words, the dose 
when given by mouth had been as effective as 
when administered parenterally, therefore the 
fact that only 50 per cent as much effect was 
obtained as in the case of the standard could not 
be attributed to lack of absorption. 

DISCUSSION 

An anal3'sis of the data presented above permits 
of a reasonably definite answer to the first ques- 
tion proposed. With one exception, normal and 
pathological th3Toid preparations . when admin- 
istered to normal guinea pigs increased the 0x3’’- 
gen consumption in proportion to the amount of 
thyroxine contained therein. No correlation be- 
Uveen the total iodine of the glands and increase 
in metabolic rate was obser\'ed. The one prep- 
aration not consistent with the other eleven does 
not, it is believed, invalidate the conclusion 
reached. As mentioned above the preparation 
was a commercial product, and the possibilit3’ of 
error in the chemical determination of th3'roxine 
could not be ruled out on account of lack of 
material. 

1 ThjToxine was isolated from Burroughs Wellcome 
Company thjToid by extraction of alkaline hydrolysate 
with butyl alcohol. The iodine content of this prepara- 
tion was 63.1 per cent as determined by Pregl’s method. 
Calculated 65.4 per cent. 


The experiments bring forward no evidence for 
or against the postulate of “ active iodine ” not in 
the form of th3’roxine. It is possible that there 
may e.xist within th3Toid glands, both normal and 
pathological, so called “ active iodine ” not in the 
form of th3TOxine but, if this be so, such iodine 
would appear, from the results obtained, to exist 
in amounts proportional to the amount of th3-- 
roxine present. 

Because of the length of time required for a 
single experiment, the preparations selected for 
study are not large in number. They include, 
however, a sufficient wide range of the normal 
and pathological human glands to bring out dif- 
ferences should such exist. The non-iodized toxic 
diffuse gland is, unfortunatel3', not included in 
the series. As much as this t3'pe of gland is de- 
sired, it was not considered right or proper to 
request a surgeon to operate on a toxic patient 
without previous administration of iodine. 
Whether the same relationship between the th3'- 
roxine content of the non-iodized toxic glands 
and oxygen consumption pertains as in iodized 
glands is not known. 

Is there an abnormal ( 17 ) substance more 
toxic than the normal hormone present in the 
toxic goiter, particularl3- the toxic diffuse gland? 
From the evidence available the question ma3' be 
answered in the negative. Certainl3', so far as 
the calorigenic acti\'it3- of the glands is concerned, 
there is no difference to be obseiA'ed between nor- 
mal, non-toxic and toxic glands. Particular at- 
tention to toxic s3mptoms during the administra- 
tion of preparations from toxic glands revealed 
no differences in toxic and non-toxic glands. 
Ewdence against the presence of an abnormal 
toxic substance in the toxic diffuse goiters would 
be more conclusive were it possible to report ob- 
servations on a non-iodized toxic gland. 

The method selected for the biological assa3' of 
the th3'roid gland preparations appeared to be the 
most suitable in the circumstances. On account 
of the well known variabilit3' among clinical con- 
ditions it was considered highl3' desirable to use 
separate individual glands and not to emplo3" com- 
binations. Small animals were necessary for this 
reason. Normal instead of th3Toidectomized ani- 
mals were chosen. On theoretical grounds, per- 
haps, th3'roidectomized animals might be pre- 
ferred. The experience of Gaddum ( 18 ), to- 
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gether with a preliminary observation in our lab- 
oratory, indicates that this is not the case. It is 
true that human subjects with spontaneous myx- 
edema are more sensitive to the administration of 
thyroid gland than are normal individuals. Aside 
from the increased sensitivity of myxedematous 
patients there is no evidence that the effect of the 
thyroid hormone is in any way different from nor- 
mal. In both animals and human subjects, either 
with hypothyroidism or without, there is con- 
siderable variability in response to the administra- 
tion of thyroid gland. In the experimental work, 
the attempt has been made to compensate for this 
variation by including at least six animals for a 
given preparation, and calculating the increase in 
oxygen consumption from the normal of each ani- 
mal rather than the group normal average. 

The discrepancy between the calorigenic activ- 
ity observed with crystalline racemic thyroxine 
administered as the di-sodium salt may be ac- 
counted for in large part by the relatively low 
activity of the racemic compound as compared 
with 1-thyroxine, the form in which the hormone 
probably exists in the gland (19). Gaddum (18) 
has found the 1-form to be three times as active 
as the d-form, which indicates that an equi-thy- 
roxine iodine dose of the dried thyroid standard 
should show 1.5 times as much activity as racemic 
thyroxine. Activity two times as great was ac- 
tually found, a result that only approximates the 
expected value. In this connection, it should be 
mentioned that Salter, German and Means (20) 
found no difference in the calorigenic activity of 
the d- and 1- forms of thyroxine when admin- 
istered to patients with spontaneous myxedema. 

The results tabulated in Table III are in gen- 
eral agreement with those found by Gaddum and 
Hetherington (9), Rotter and Mecz (10), and 
Sjogren and Lundgren (11) when different bio- 
logical methods were used. The discrepancy be- 
tween the conclusions drawn from this investiga- 
tion and those of Hunt and Seidell (1) and of 
ICrogh and Lindberg (2) may be apparent rather 
than real. As the preparations used by these 
workers were not analyzed for their thyroxine 
iodine content the possibility exists that the thy- 
roxine per cents of total iodine may have been so 
nearly alike that activity proportional to total 
iodine might also be proportional to thyroxine 


iodine. The results of this study are at variance 
with the work of Means, German and Salter (3) 
(21). The method of biological assay used in 
our studies is different from that employed by 
these investigators and may account for the dif- 
ference in results obtained. 

SUMMARY 

1. The calorigenic effects on normal guinea 
pigs of twelve preparations of thyroid glands in 
equi-thyroxine doses have been studied. These 
preparations consisted of two commercial tliyroid 
gland products, one preparation of hog thyro- 
globulin, and nine human thyroid glands two oi 
which were normal, two non-toxic and five toxic 
diffuse. 

In addition, the calorigenic effect of racemic 
thyroxine administered as the di-sodium salt was 
studied, 

2. The results obtained indicate that the calon- 
genic activity of desiccated thyroid preparations 
is proportional to the thyroxine content of the 
gland as determined by the method of Leland an 
Foster. 

3. The calorigenic activity of crystalline ra- 
cemic thyroxine administered as the di-so nun 
salt was only 50 per cent as great as an equi- 
thyroxine dose of thyroid gland. It is ^ 
that this reduced effect may be explained by tii 
greater activity of 1-thyroxine, the form m w i 
the hormone exists in whole gland. 

4. No evidence was obtained in favor o 
existence of an abnormal substance contn u m 
to the toxicity of pathological glands. 
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The frequent association between tonsillitis and 
upper respirator}' tract infection and subsequent 
rheumatic fever has been obser\'ed and commented 
upon by many students of the disease. It is gen- 
erally agreed that this relationship between the 
preceding infection and subsequent rheumatic 
fever is too consistent to be merely a chance oc- 
currence. This important phase of the natural 
course of rheumatic fever has been commented 
upon by Cobum (1, 2), Schlesinger (3), Collis 
(4), Sheldon (5), Gibson, Thomson, and Stewart 
(6), Boas and Schwartz (7), Hiller and Graef 
(8), and others. In general, we agree with these 
investigators both as regards the association be- 
tVr'een infection of the upper respirator}' tract and 
rheumatic fever, as well as to apparent epidemics 
of rheumatic fever, following prevalent respira- 
tory infection in groups of closely associated in- 
dmduals. The percentage of instances of rheu- 
matic fever preceded by recent upper respiratory 
infection may be as high as 75 per cent. Not 
only does this relationship hold for the initial 
appearance of the disease, but also for subsequent 
recurrences or recrudescenses. It is of further 
interest that in most instances there exists, as 
pointed out by Schlesinger (3), a well defined la- 
tent period varying from a few days up to four 
weeks between the febrile respiratory tract infec- 
tion and the occurrence of the clinical signs and 
s}'mptoms of rheumatic fever. Less frequently 
the disease appears to be ushered in or occurs con- 
currently with the respiratory infection. 

Because of the obscure nature of the etiological 
factors involved, attention has been directed, and 
we believe rightly, to this so-called respiratory 
phase of the disease and the subsequent latent pe- 
riod. Its analog}' to the sequence of events oc- 
curring in serum sickness and other frankly al- 

^ Presented at the meeting of the American Society for 
Qmical Investigation, Atlantic Gty, April 30, 1934.’ 

- The expenses of this study have been defrayed by a 
grant from The Commonwealth Fund. 


lergic conditions has been commented upon by 
Zinsser (9), S^ft (10), and others. Exhaustive 
study has been centered upon the cultural charac- 
teristics of the respirator}' flora during these pre- 
ceding infections in an attempt to establish a spe- 
cific causative agent. In so far as we are aware 
no proof has yet been presented that any organism 
found in the upper respiratory' tract is the cause 
of rheumatic fever. 

It is the purpose of this paper to present cer- 
tain clinical observ'ations on rheumatic fever which 
are of interest and may be of importance in fu- 
ture considerations of possible factors in the 
causation of the disease. During the past thirteen 
years at the House of the Good Samaritan there 
has been an opportunit}- to observe the clinical 
course of a large number of children and adoles- 
cents (over 1 ^ 00 ) during various phases of rheu- 
matic fever in a hospital where they receive bed 
care until all clinical and laboratory evidence of 
infection has subsided. The average period of 
observ'ation in the hospital is four months, but not 
infrequently is as long as several years. During 
this period of prolonged observation, the evidence 
of persistent low-grade and sub-clinical infection 
has been largely that of a slight fever (rectal), 
subcutaneous nodules, erythema multi forme, a 
moderate leukocy'tosis, increased sedimentation 
rate of the red blood cells, or prolongation of the 
auriculoventricular conduction time. It is in this 
mildly active group that we have observed re- 
peatedly the importance of respirator}- infection 
in precipitating relapses or recrudescences of the 
clinical manifestations of the acute disease. Fig- 
ure 1 shovrs the bedside chart of a boy, aged thir- 
teen, convalescing from recent rheumatic fever in 
whom the clinical and laboratory' evidence of ac- 
tive disease had subsided. Following the febrile 
respiratory infection sho-wn on the chart and after 
a latent period of two v.'eeks, the boy developed 
fulminant rheumatic fever v.'ith pericarditis and 
congestive failure. He died at the end of one 
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week, and rheumatic fever was confirmed by 
autopsy. 

Recurrent rheumatic fever has been observed at 
times following infections other than tonsillitis or 
pharj-ngitis. Scarlet fever apparently is frequent 
as a precipitating factor and further data on this 
interesting relationship will be published subse- 
quently. These episodes are closely related to 
streptococcus infection. Instances of other pre- 
cipitating infections, frequently associated with 
or subsequent to ordinary respirator)’ infection 
noted in our series are: “pneumonia” 4, otitis 
media 5, measles 3, and erysipelas 1. One might 
add here single episodes, seemingly independent 
of respirator)' infection, which we have observed 
to precede recurrent rheumatic fever; namely, 
pyelitis, herpes zoster, and a febrile reaction to 
the Schick test. 

We have been impressed by the occurrence, now 
and then, of an equally striking though less fre- 
quent association between other (non-infectious) 
and apparently non-specific episodes and subse- 
quent recurrent rheumatic fever. These episodes 
exhibit a suggestively similar relationship to the 
occurrence of subsequent rheumatic fever as has 
previously been noted behveen respirator)- infec- 
tion and the acute phase of the disease. Subse- 
quent obsen’ations herewith recorded appear to 
throw additional light upon this interesting but 
imperfectly understood phenomenon. 

Transient and unexplained temperature 

When recrudescences followed respirator)' in- 
fection, a mild fever of two or three degrees at the 
time of the infection has been the rule. In con- 
trast, however, we have seen on several occasions 
a transient fever of two or three degrees for a few 
hours, unassociated with evident infection or other 
manifest cause and apparently precipitating after 
the usual “ latent period ” a recrudesence of t)'p- 
ical rheumatic fever. Figure 2 show’s the course 
of the disease in a child, four years of age, who 
appeared to be convalescing satisfactorily from 
rheumatic fever which began tw’elve months pre- 
viously. On Februar)' 26, as indicated in the 
chart, there occurred a transient and entirely un- 
explained elevation of the temperature and pulse 
for a few- hours, follow-ed in two w-eeks by ful- 
minant rheumatic fever associated with pericar- 


ditis, congestive failure and death eleven days after 
the onset. The response of the temperature to 
salicylates w-ithout clinical improvement in the 
patient is of interest. Postmortem examination 
confirmed the clinical impression of severe and 
fulminant rheumatic fever. In the light of pre- 
vious obsen-ations on the apparent relationship 
of respirator)' infection to acute rheumatic fever 
the association here seems equally striking, but in 
this instance recrudescence followed a tempera- 
ture reaction alone. The relationship appears 
even more convincing w-hen w'e consider that the 
bedside chart for the preceding six months had 
show’n a consistently normal temperature and 
steady pulse rate. 

Accidents and operations 

In our experience this same sequence of events 
has been precipitated apparently by accidents in- 
volving fractured bones or sprained joints. Sur- 
gical operations have also appeared to reactivate, 
occasionally, a latent rheumatic infection. It is 
not an infrequent experience in general hospitals 
to observe the recurrence of the signs and symp- 
toms of rheumatic fever following tonsillectomy. 
Indeed, on rare occasions, the initial attack of 
rheumatic fever is observed follow’ing this proce- 
dure. We have rarely encountered such a series 
of events (in 7 instances), since it has been our 
polic)' to delay tonsillectomy until all clinical and 
laborator)' evidence of active rheumatic fever has 
disappeared. This precaution is probably respon- 
sible for the small number of recurrences that we 
have observed after tonsillectomy. The explana- 
tions for the reappearance of rheumatic fe\'er fol- 
low’ing tonsillectomy have been many and incon- 
clusive. Appendectomy has seemingly been re- 
lated in 10 instances to a subsequent attack of 
rheumatic fever. Frequently the appendix, at the 
time of removal, has appeared to be normal. It 
may be that some of these cases, at least, exemplify 
an onset of rheumatic fever with abdominal si'mp- 
toms rather than a true initiation or reactivation 
of the rheumatic process by the surgical procedure. 
Of this we have no proof. 

The clinical course of the disease as illustrated 
in Figure 3 is of unusual interest in this connec- 
tion. A girl of thirteen years had had four pre- 
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Fig. 2. A Fatal Recrudescence of Rheumatic Fever Two Weeks After a Transient and Unexfl 


Fever. 


vious attacks of rheumatic fever, the last having 
subsided at the age of twelve, one year before the 
recorded events transpired. In the interim she 
had been well. She entered the Orthopedic Serv- 
ice of the Massachusetts General Hospital for 
surgical correction of an old ankle injury. On 
March 28 (Figure 3), under ethylene anesthesia, 
an arthrodesis of the ankle was performed. Im- 
mediately following the operation a persistent and 
increasing fever appeared for which there was no 
obvious explanation. On the ninth day, because 
of the continued and unexplained fever, the wound 
was explored under gas and oxygen anesthesia and 
found to be entirely clean. Cultures were ster- 
ile. The second operation appeared to aggravate 
the temperature and leukocytosis, the true nature 


of which was not suspected until a to and fro pen^ 
cardial friction rub was discovered toget er 
signs of early congestive heart failure, 
quently, the electrocardiogram showed a e 
auriculoventricular conduction time. ^ 
tient’s condition, after a rather stormy co 
slowly improved on salicylates and ^ Jg* ^ ' Lntli 
she was discharged from the hospita ^ 
later clinically well but still with a leukocy 
13,800. There were no joint pains at ^ 

The evidence seems clear that, in t is i 
the general disturbance resulting rom 
thesia and surgical operation in a rheums 
who was clinically well, was responsi > 
reactivation of a latent rheumatic . p. 
believe this to be more than a co.ncidmc , 
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view of the entire absence of infection either in 
the respiratory tract or elsewhere. 

There remains to be recorded a crucial observa- 
tion on a girl aged twenty years who entered the 
medical wards (E. M. 319,881) of the Massachu- 
setts General Hospital with severe chorea and 
minimal rheumatic heart disease. For the pre- 
ceding six months she had been in relatively poor 
health, with vague and repeated joint pains and 
occasional nosebleeds, prior to the onset of chorea 
two months before entry. Because of the in- 
creasing severity of the chorea, in spite of rest in 
bed and sedatives, she was given protein shock 
therapy. After the third daily injection of O.I 
cc. of stock typhoid-paratj^phoid vaccine intra- 
venously, she exhibited an unusual and alarming 
rise in temperature to 108.9° F. (rectal), which 
subsided promptly after ice packs had been ap- 
plied. No further immediate complications ap- 
peared, and the severity of the chorea was con- 
siderably reduced. Two weeks after the last 
protein shock the patient developed a low-grade 
fever of from two to three degrees, complained of 
multiple joint pains, and an aortic diastolic mur- 
mur, not previously noted, was heard. The elec- 
trocardiogram, taken for the first time, showed a 
delay in auriculoventricular conduction with a 
P-R interval of 0.30 second. The joint pains and 
fever responded promptly to salicylates, and the 
patient left the hospital against advice. Twelve 
months later she reported at our request for a 
follow-up examination. She was in good health 
and had had no further recurrences of rheumatic 
fever. .There was evidence on physical examina- 
tion of slight cardiac enlargement with minimal 
disease of mitral and aortic valves. It occurred 
to us, in retrospect, that perhaps in this instance 
by reactivation a low-grade rheumatic fever had 
been brought to a clinical level as a result of the 
therapeutic injections of typhoid-paratyphoid vac- 
cine. 

Reactions after typhoid- paratyphoid vaccine 

Numerous observers have reported favorably 
upon the use of intravenous typhoid-paratyphoid 
vaccine (as an agent for non-specific protein 
shock) in the treatment of a large number and 
variety of diseases. This procedure is widely 
used, especially in treating diseases of unknown 


etiology. It seemed logical and justifiable to use 
this (typhoid-paratyphoid) vaccine intravenously 
in patients with rheumatic fever in a dosage com- 
parable to that of usual therapeutic procedures. 
The value of this therapeutic measure has not 
been completely studied in rheumatic fever. In 
addition, it was thought possible that one might 
secure information concerning the role of non- 
specific fever in patients with rheumatic fever, as 
well as the significance of the febrile episodes 
often observed before recurrences. The proce- 
dure determined upon was to give a single intra- 
venous dose of stock typhoid-paratyphoid vaccine 
(0.1 cc. of vaccine containing 250,000,0{X) or- 
ganisms). This quantity usually results in a mod- 
erate temperature reaction and a chill. The 
method of repeated doses of typhoid-paratyphoid 
vaccine, as used by Sutton and her co-workers m 
the treatment of chorea (11) and as has been em- 
ployed in rheumatic fever (12), has not been fol- 
lowed. 

The patients chosen for this procedure were 
carefully selected. They were chiefly adolescent 
individuals who had shown no tendency to pro 
gressive cardiac disease in spite of frequent at 
tacks of rheumatic fever. Most of the cases ra 
had a number of attacks during a long period o 
observation. In addition, all were in exce en 
general physical condition but exhibited evidence, 
chiefly from laboratory examination, of low-gra c 
chronic rheumatic fever. Save for recent join^ 
pain, occasional epistaxis and an occasiona trai^^ 
sient erythema marginata in three cases, tic c 
dence of continued rheumatic fever ‘ ^ 

entirely on abnormal laboratory findings, 
as will be pointed out later, had shown m the pa 
a clear relationship between respiratory m cc 
and a subsequent attack of rheumatic , 

desire to record in some detail the resu ts o 
few observations. 


Case 1 

R. M., H.G.S. 5614, female, age 16, dJ' 

equent attacks of rheumatic fever since c 
;ars, usually following a cold but on '' 

'ter pneumonia. On entrance to t^ c os 
imber, 1932, she had laboratory of 

leumatic infection with moderate 
- . mJiml stenosis ami rc.,i- > 


tion and slight aortic regurgitation. 

Observation 1. In May, 1933, Figure , 


she devel'-F'- 
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Fig. 4. A Recushence of Rheum.^tic Fever Three Weeks After RESpiEATORy Iktectiok. 


a sore throat and fever for two days. After a latent pe- 
riod of three weeks a recrudescence of clinically active 
rheumatic fever appeared, associated with fever, joint 
and precordial pain and erj-thema multifomie. Hemolytic 
streptococci were present in throat cultures throughout 
both the respiratory and the rheumatic fever phases of 
this observation. 

Observation 11. After this episode had subsided she 
was given, in July, 1933, an intravenous injection of 0.1 
cc. of stock tj-phoid-paratj-phoid vaccine, which resulted 
in a mild and transient temperature reaction as indicated 
in Figure 5. After a latent period of three weeks a 
t>’pical recrudescence of clinically active rheumatic fever 


appeared with fever, multiple polyarthritis and erythema 
multiforme. The response to salicylates was striking. 

Observation HI. In January, 1934, a temperature of 
103° F. (rectal) was induced artificiallj- for three hoars 
by means of eseposure in a hyperthermia box. Tlus 
treatment was not followed by any evidence, during sub- 
sequent observation, of a clinical recurrence of rheumatic 
fever. Hemoljtic streptococci were absent throughout 
this observation. 

Observation IV. In February, 1934, and seven weeks 
after the third observation, the patient receiv'ed for the 
second time a single injection of O.I cc. of vaccine which 
precipitated a slight chill and the usual febrile reaction 
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Fig. S. a Recrudescence of Rheumatic Fever Following Protein Shock in the Same Patient as l 

Figure 4. 


(Figure 6). In contrast to the previous postvaccinal re- 
action, an immediate reactivation of the latent rheumatic 
infection became manifest with the appearance of fever, 
multiple arthritis, erythema multiforme, and an eleva- 
tion of the corrected sedimentation index (method of 
Rourke and Ernstene (13)) from a previously normal 
level of 0.2S mm. per minute to 1.10 mm. per minute, to- 
gether with an increase in auriculoventricular conduction 
time from 0.16 second to 0.19 second. The symptoms 
subsided spontaneously without salicylate therapj'. He- 
molytic streptococci were absent throughout this obseiwa- 
tion. Of considerable interest is the fact that our clinical 
impression suggests that in spite of the apparently in- 


:d recrudescence of rheumatic defi- 

-grade infection of several years standing 
ly improved following the last episo c, ^ 

^ 1934, all laboratory and clinical evidence f 

had disappeared and she was . H . at 

lital. Her cardiac status remained essential > 


Case II 

H.G.S. 5703, female, age 17, gave 
latic fever at the age of twelve years, -i.l^r 
low-grade activity during subseguen 
ted by frequent joint pains, poor 
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bleeds. In October, 1932, following a tonsillectomy, she 
had mild rheumatic fever with sj-mptoms for three 
weeks. In February, 1933, she had a sore throat and 
the “grippe.” Three weeks later she entered the hos- 
pital because of general poor condition and was found to 
have evidence of active rheumatic infection with fever, 
precordial pain, occasional nosebleeds, and a well marked 
elevation of the corrected sedimentation index of 1.40 
mm. per minute. The heart was moderately enlarged, 
with the murmurs of mitral regurgitation and stenosis 
and aortic regurgitation. She improved with rest in bed, 
and after one week the temperature returned to normal. 

Obscn'ation I. In .^pril, 1933, she was given a single 
intravenous injection of 0.1 cc. typhoid-parat>-phoid vac- 
cine, which was followed by a transient elevation of 
temperature and a slight chill (Figure 7). During the 
subsequent three weeks there occurred frequent slight 
nosebleeds (present before) , vague ankle pains, occasional 
precordial and abdominal pain. At the end of the third 
week there appeared a frank flare-up with fever and an 
acutely swollen, red and tender wrist, which became so 
painful that salicylates were required. Prompt relief 
resulted, but a ^•ague discomfort in the wrist and fingers 
persisted for several days. Throat cultures were not 
done at this time. The patient was discharged from the 
hospital in November, 1933, without further occurrence 
of acute rheumatic fever. The heart remained as at 
entry. 

Case III 

E. F., H.G.S. S876, female, age 16, gave a history of 
the onset of rheumatic fever and rheumatic heart disease 
at the age of six years. .4.t the age of thirteen she had a 
recurrence of rheumatic fever. In January, 1933, at the 
age of 16, there was a third attack one week after a sore 
throat, and she entered the hospital for prolonged bed 
care. She appeared to be in good general condition, and 
the only e\'idence of low-grade infection was an occa- 
sional nosebleed and almost daily erythema multiforme. 
The amdculoventricular conduction time by electrocardio- 
gram remained at 0.20-0.21 second. 

Observation I. In April, 1933, a temperature and as- 
sociated chill was induced by the intravenous administra- 
tion of 0.1 cc. of tj-phoid-paratyphoid vaccine as before. 
A slight rise in temperature to 100 to 1003° F. (rectal) 
persisted for five days, but there was no definite evidence 
of a subsequent flare-up of the rheumatic process. He- 
molytic streptococci were present in throat cultures taken 
on the day of the protein shock, absent on the fifth day, 
and again present on the ninth day after the injection. 
The white blood count and the auriculoventricular con- 
duction time remained unchanged. 

Observation II. In January, 1934, an artificial fever 
of 102.5° F. (rectal) induced by means of a hyperthermia 
box was not followed by any clinical manifestations of 
rheumatic fever. Throat cultures showed no hemolytic 
streptococci before the procedure. Hemolytic strepto- 
cocci were present in the throat on the first day after the 
treatment, and absent on subsequent days. 


Observation III. In February, 1934, a single protein 
shock was induced in the usual manner by the intra- 
venous injection of 0.1 cc. of vaccine (Figure 8). This 
was followed by a low-grade fever for five days asso- 
ciated with a nosebleed and the reappearance of erythema 
multiforme on the seventh day, but of most interest, per- 
haps, was the electrocardiographic evidence of slightly 
delayed but progressively increasing block in auriculo- 
ventricular conduction from a P-R interval of 0.18 sec- 
ond up to 025 second on the tenth day. From a normal 
level of 025 mm. per minute the corrected sedimentation 
index rose to 1.60 mm. per minute. Hemolytic strepto- 
cocci were present in the throat cultures before the pro- 
tein shock, but absent afterwards. We have considered 
this a definite recrudescence of rheumatic fever following 
protein shock. 

Case IV 

A. C., H.G.S. 5351, male, age 10, gave a history of 
four previous attacks of rheumatic fever and one of 
chorea during the preceding five years, in spite of which 
he had developed only minimal rheumatic heart disease, 
with the murmurs of slight mitral disease together with 
slight cardiac enlargement. In March, 1933, he again 
developed rheumatic fever, predpitated by a cold, with 
polyarthritis, nosebleeds, loss of weight and mild chord- 
form movements. On April 13, 1933, he entered the 
hospital for his second admission, where his subsiding 
joint pains as wdl as his fever responded promptly to 
salicylates. 

Observation I. .\s shown in Figure 9, protein shock 
was induced by the intravenous injection of 0.1 cc. of 
typhoid-paratyphoid vaccine, which gave rise to a severe 
chill and a rather unusual temperature reaction to 105° F. 
(rectal). Within an hour from the onset of the chill 
two joints of the left hand, which had been involved on 
admission, became acutely tender, definitely red, hot and 
swollen. On the second day another finger and the wrist 
joint showed similar involvement. Because of the per- 
sistent and brisk temperature reaction, together with the 
considerable joint discomfort, salicylates were started 
with a prompt and striking subsidence of both fever and 
arthritis, even with minimal doses. Slight joint pains 
and an occasional slight fever persisted during the sub- 
sequent two weeks. It is of interest that the mild chorei- 
form movements became quiescent after the febrile re- 
action. The corrected sedimentation index on April 28 
was 1.40 mm. per minute. A study of the pharyngeal 
flora was not made during this episode. There were no 
further recrudescences, and by June, 1933, all clinical and 
laboratory evidence of infection had subsided. The heart 
remained as at entry. It is to be noted that clim'cal evi- 
dence of rheumatic fever was present in this patient at 
the time of the protein shock, and was manifested by re- 
cently swollen and painful joints which had been relieved 
by salicylates, by mildly active chorea and by a leu!-:o- 
cytosis of 16,000. 
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Fig. 8. An Apparent Reactivation of Rheumatic Fe\t:r Following Protein Shock. 
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FURTHER OBSERVATIONS 

In addition to, and concurrently with, the above 
recorded observations, five other patients of simi- 
lar ages with either low-grade subclinical rheu- 
matic fever or recently quiescent infection re- 
ceived a single protein shock by means of an in- 
travenous injection of 0.1 cc. of typhoid-para- 
typhoid vaccine. The general reaction with chill 
and fever was similar in all respects, but subse- 
quent clinical and laboratory study failed to reveal 
frank evidence of a reactivation of the rheumatic 
process. In two instances there was a short pe- 
riod in which doubtful signs and symptoms sug- 
gestive of rheumatic fever occurred. In one of 
the above instances a comparable fever produced 
by means of the hyperthermia box was not fol- 
lowed by any evidence of a recrudescence. 

In summary, it may be stated that ten patients 
have received twelve injections of typhoid-para- 
typhoid vaccine. The usual chill and temperature 
were noted. In six instances clinical symptoms of 
active rheumatic fever appeared either imme- 
diately following the injection or after an inter- 
val of two to three weeks. In two instances there 
was a questionable reaction of this type. In the 
remaining four instances no clinical or laboratory 
evidence of a reactivation of rheumatic fever was 
demonstrable. No untoward effects of serious 
import were noted. Following the reactions to 
typhoid-paratyphoid vaccine there seemed to be a 
more rapid progress to quiescent rheumatic fever 
than was previously noted. 

DISCUSSION 

Respiratory infection and its relation to rheu- 
matic fever has for years received much attention. 
The recurrence of rheumatic fever following 
respiratory infection, often after an interval of 
a few days to two or three weeks, is generally 
known to students of the disease. It is also well 
recognized that recurrences are observed in the 
absence of evident previous infection or of other 
disturbing factors. In our series there has been 
a preceding respiratory infection in 75 per cent 
of observ'cd recurrences; whereas, in the remain- 
ing 25 per cent there were no obvious precipi- 
tating causes. On the other hand it may be well 
to point out that attacks of definite tonsillitis or 
pharyngitis are not consistently followed by re- 


currences of rheumatic fever. That other events, 
such as tonsillectomy, may at times be associated 
with subsequent rheumatic fever has also been 
noted in the past. Attention is called to a vari- 
ety of episodes which appear to have been related 
to recurrent rheumatic fever. If one omits scar- 
let fever and other infections usually associated 
with infection of the upper respiratory tract, 
there still remain other events which appear to be 
of importance. Under these circumstances, a re- 
liable history must be obtained soon after the 
event has transpired, as is often necessary even in 
the case of respiratory infections, since transient 
minor illness or injury may be quickly forgotten 
by the patient. Although it is obvious that the 
relative number of such events is small in so 
large a group of cases, no statistical study has 
been presented for two reasons: first, a history 
from this point of view is reliable only if one is 
cognizant of the possibility of such a relation 
ship; and second, as noted above, it is necessary 
to obtain the history while events are fresh in the 
patient’s mind. The majority of our patients 
have had rheumatic fever for a considerable pc 
riod of time prior to admission to the hospita , 
and only recently has this sequence of events been 
searched for. Second, in a hospital such as ours 
traumatic accidents are not observed, nor are i 
nesses other than rheumatic fever common, 
reliable statistical study, although difficult to o - 
tain, we believe would be valuable. Since we la 
been aware of the possible importance of even 
other than streptococcal infections prior to rcc 
rences of rheumatic fever, the frequency 
which they have been encountered has mcrea 
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seems of considerable importance to us. Rheu- 
matic fever was not produced in normal human 
beings, but the asymptomatic phase of the disease 
was brought to a clinical level in known rheumatic 
individuals by non-specific means. The frequency 
and definiteness of these few obsen’ations con- 
vince us that we are dealing with more than a 
chance relationship. The studies have not been 
pursued further for the obvious reason that we 
did not wish to cause clinical disturbances in our 
patients. It is generally accepted that subjects 
with rheumatic fever, especially those with recent 
histories of rheumatic fever, are very susceptible 
to recurrences. It is e\ndent that these may be 
precipitated frequently by purely non-specific 
means. These observed recurrences were, on the 
whole, of shorter duration and were milder than 
those occurring naturally. No e^ndent alteration 
of the cardiac state, other than the temporary' 
prolongation of the auriculoventricular conduction 
time, was noted. The s}Tnptoms noted during the 
recurrences of clinically active rheumatic fever, 
following the reaction to a single injection of non- 
specific protein, reproduced in a striking fashion 
the rheumatic manifestations which had been 
previously observed in the individual patient dur- 
ing a naturally occurring recrudescence. 

As noted preriously, the initiating factor most 
commonly encountered in patients with rheumatic 
fever is respirator^' infection. In view of the data 
presented, bacterial actirity during respiratory in- 
fection may prove to be of secondary' importance. 
The crowded, unhygienic living conditions of the 
majority of patients with rheumatic fever may 
%vell account for the frequency of respiratory in- 
fections. In addition, the study of any group of 
patients with rheumatic fever will show a large 
number of such respiratory infections even under 
satisfactory living conditions. 

In view of the observations herein recorded, it 
is suggested that the role of infections or of epi- 
sodes seemingly related to recurrent rheumatic fe- 
ver may not be as specific as has been pre-viously 
thought. Respirator}' infection, often accompa- 
nied by hemol}'tic streptococci, is frequently the 
precipitating agent of rheumatic fever, but other 
events likewise may be important. The appear- 
ance of the clinical s}'mptoms and signs of the 
disease are not, therefore, entirely dependent 


upon recognizable respiratory' infection. This ap- 
parently non-specific relationship may' be of im- 
portance in future etiological considerations. 

CONCLUSIONS 

1. There appears to be no significant clinical 
difference between the recurrences or recru- 
descences of rheumatic fever following (1) 
respiratory' infection, (2) other forms of infec- 
tion, (3) acddents or operative procedures, and 
(4) a single intravenous injection of ty'phoid- 
paratyphoid vacdne sufndent to cause a slight 
febrile reaction and chill. 

2. The probable significance of these obsert'a- 
tions has been discussed. It is evident that vari- 
ous events precede and apparently influence the 
appearance of the signs and sy'mptoms of recur- 
rent rheumatic fever, 

3. It seems desirable, in dew of the observa- 
tions presented, to consider the role of such events 
as non-specific until more definite information is 
available concerning the etiological agent. 

We msh to gratefully' acknowledge our indebt- 
edness to Doctors James H. Means and M. N. 
Smith-Petersen of the Massachusetts General 
Hospital for allowng us to dte cases from their 
respective seiv'ices. The typhoid-paratyphoid 
TOcdne used throughout these observ'ations was 
obtained from the Antitoxin Laboratory of the 
Massachusetts Department of Public Health. 
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FURTHER OBSERVATIONS ON THE LEUKOCYTIC RESPONSE IN- 
DUCED BY THE INTRAMUSCULAR INJECTION 
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(Prom the Department of Surgery and the Surgical Laboratory of the Mary Imogene Bassett Hospital, 

Coopcrslount, New York) 

(Received for publication May 28, 1935) 


The leukocytogenic effect of the intramuscular 
administration of liver extraert (Lederle) to nor- 
mal individuals has been presented in a previous 
paper (1). The response in every instance was 
due both to an actual and relative increase in the 
poljTnorphonuclear neutrophils. The purpose of 
the present communication is two-fold; first, to 
submit suggestions regarding the source of this 
leukocytic response; and secondly, to determine 
the value of its cdinical application in the treatment 
of surgical patients with infection and no leukocy- 
tosis, or definite leukopenia. 

1. Source of the leukocytic response 

Method. The subjects were all normal indi- 
viduals, either members of the staff, secretaries, 
and technicians, or convalescent, afebrile, surgical 
patients on the wards of the Mary Imogene Bas- 
sett Hospital. 

Two methods of experimental procedure were 
followed. In the first group, a series of observa- 
tions covering 3 consecutive days was carried out 
according to the method of Powers and Murphy 
(1). The first and third days were utilized as 
control periods in order to obtain the normal daily 
range of the leukocytic level and the average dif- 
ferential Schilling count at representative hours 
before and after the administration of liver ex- 
tract. At 9 o’clock on the morning of the second 
day an additional control count was taken and 
directly thereafter 3 cc. of liver extract- were 
injected intramuscularly in the gluteal region. 
Complete studies were then made hourly until 7 
o clock in the evening. Thus it was possible not 


^ Read before the American Society for Oinical In- 
vestigation, Atlantic Citj-, May 6. 1933. 

- This extract was prepared by the Lederle Labora- 
tories, Inc., and furnished through the kindness of Dr. 
Guy W. Dark. 


only to confirm the previous experimental results 
(1) but also to determine whether the attendant 
leukocytosis was due to the liberation of mature 
neutrophils, juvenile forms, or both. 

The second group, of observations covered a 
period of 18 consecutive hours. A control count 
was taken at 5 o’clock in the morning and 3 cc. 
of liver extract were injected immediately there- 
after. Complete determinations w'ere then made 
at hourly interv'als until 11 o’clock in the evening. 
It was hoped thereby to obtain more information 
concerning the duration of the leukocytic response 
and to gather, some data regarding the maturation 
of the immature cells, should these be found to be 
increased in the peripheral drculation. 

Blood for each count was taken from the finger 
into a standardized pipette, diluted, shaken for 3 
minutes and counted in a standardized Levy' 
counting chamber. Both pipettes and hemocytom- 
eters were certified by the U. S. Bureau of Stand- 
ards and the same instruments were used for all 
the observations on any one subject. Duplicate 
cover-slip preparations were made in the usual 
manner and stained with Wright’s stain. Each 
smear was counted separately, and at random, in 
order that the result might not be affected by 
memory of the previous differential identification 
for the same hour. 

One hundred cells in each of the 2 preparations 
were classified accorch'ng to the method of Schill- 
ing, In general the results varied within a narrow 
range; the average was utilized in preparing the 
(diarts. 

Results. There were 4 individuals in the first 
group. The results are presented in composite, 
graphic form in Figure 1. The curves represent- 
ing the total white count, the total number and 
percentage of polymorphonuclear neutrophils are 
identical with those presented in the previous 
paper and require no discussion, except to point 
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out again that the leukocytic response is entirely 
neutrophilic in character. The point of major im- 
portance in the present studies is the relatively 
greater, increase in both total number and percent- 
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Fig. 1. A Composite Graph of the Total White 
Cells per cu. mm. and the Total Number and Per- 
centage OF Neutrophils, Segmented Forms, Band 
Cells and Ju^niles of 4 Normal Subjects. 


The single heavy vertical lines separate the chart into 
days; the intramuscular injection of 3 cc. of liver ex- 
tract is indicated by the double line. 


age of young forms compared with the mature 
cells. Reference to Table I discloses the fact that 
while the total number of neutrophils per cu. mm. 
increased 1 12 per cent, the band forms, or young 
cells, increased 235 per cent while the segmented 
forms gained only 96 per cent. The number of 
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TABLE I 


Tabulalion of the actual increase per cu. mm. and the percentage increase of total sekite cells, polymorphonuclear neutrophils, 
segmented, band, and juvenile forms at the peak of the leukocytic rise in the first series of experiments 
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juveniles increased from zero to 270 per cu. mm. 
Expressed in terms of the Schilling differential 
formula the per cent of band forms more than 
doubled while that of the mature cells increased 
onl}' 17 per cent. 

The same facts are even more apparent in 
the second series of obserr-ations. This group 
was composed of 3 normal subjects to whom liver 
extract was administered immediately after blood 
was taken for control studies at 5 o’clock in the 
morning. A composite curve of the results is 
presented in Figure 2. As usual, the peak of the 
rise occurred 6 hours after the injection. The 
total number of white cells per cu. mm. doubled, 
and the neutrophils increased 169 per cent ; while 
the number of mature cells multiplied 143 per 
cent, the band forms nearly tripled that figure by 
a maximum gain of 370 per cent. The juveniles 
increased from zero to 400 per cu. mm. (Table 
II). Expressed in terms of the Schilling differ- 
ential again, the percentage of band forms in- 
creased 131 per cent while that of the mature cells 
gained only 18 per cent. In other words, a dis- 
tinct shift to the left occurred in each series of 
experiments. 

The longer period of observations in the second 
group possibly threw some light upon the phe- 


nomenon of cellular maturation. The number of 
}’oung cells in the peripheral blood decreased more 
slowly following the peak of the rise than did 
either the total neutrophils or the mature forms 
(Figure 2). From these experiments one might 
surmise that the transitional period of immaturity, 
during which the young cell passes from a myelo- 
cjiie to an adult form with a multilobed nucleus 
requires a few hours only. The duration of the 
leukocytic response was essentially the same as in 
all previous experiments. 

Discussion. These findings confirm the previ- 
ous observations by the author (1) and also by 
Meyer, Middleton, and Thewh’s (2) that the leu- 
kocytosis induced by the intramuscular injection 
of liver extract is entirely neutrophilic in char- 
acter. Furthermore, they demonstrate that this 
leukocytic response is due to an increase in both 
young and mature cells in the circulating blood, 
with the increase in young forms proportionately 
greater, both numerically and relatively, than that 
of the adult cells. These observations suggest 
that the response is the result of some direct action 
or effect of liver extract upon the bone marrow. 
!Meyer and his collaborators (2) came to this same 
conclusion although they were unable to demon- 
strate a shift to the left in the SchiUing counts of 


TABLE n 

Tabulation of the actual increase per cu. mm. and the percentage increase of total white cells, neutrophils, segmented, hand, and 
juvenile forms at the peak of the rise in the second group of experiments 
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4 normal individuals at the peak of the rise. Such 
a shift did occur, however, in 1 patient with 
Band’s disease following the intramuscular injec- 
tion of liver extract (Lederle). In this patient, 
and in 1 other with splenomegaly, well marked 
leukocytic responses followed the parenteral use 
of extract, both before and after, removal of the 
spleen. In fact, the leukocytosis was more 
marked in each instance after splenectomy than 
before. This rise was preceded by a drop in the 
leukocytic level immediately following the injec- 
tion, an observation which is in direct opposition 
to the studies of Miller and Rhoads (3). 

These observers describe an increase in all the 
formed elements of the blood, including the leu- 
kocytes, 20 minutes after the intravenous admin- 
istration of liver, extract to a patient with anemia 
and splenomegaly. This response was coinci- 
dental with contraction of the spleen which could 
be demonstrated both clinically and roentgeno- 
logically, and they conclude that the spleen must 
be considered not only as a reservoir of red blood 
cells but also as a storehouse for proportionately 
greater numbers of white cells and blood platelets. 
Similar splenic contractions were induced by the 
intramuscular administration of adrenaline, his- 
tamine, and eserine. Injection of the 2 former 
drugs was followed promptly by an increase in 
the number of leukocytes in the peripheral blood ; 
no reaction was noted after the use of eserine. 
These observations are interesting in view of the 
marked leukocytosis which followed the injection 
of extract after splenectomy in the patients of 
Meyer and his collaborators. One must conclude 
from their experiments at least that the spleen 
did not act as a reservoir for the white cells, and 
that the leukocytosis which followed the intra- 
muscular injection of liver extract was due either 
to direct or indirect stimulation of the bone mar- 
row. 

2. Value of liver extract in the treatment of cer- 
tain types of infection 

In the large majority of cases the presence of 
pathogenic organisms in the human body is, in 
itself, a powerful leukocjlogenic stimulant. There 
are certain patients, however, either so over- 
whelmed by an acute process, or so debilitated by 
chronic infection that no leukocytic response takes 


place. It was in these groups of individuals that 
the practical value of liver extract was tested in a 
very small series of cases. Only 3 patients thus 
far have seemed suitable for such a clinical trial. 


PROTOCOLS 

Case 1 


The patient was a married woman, 26 years of age, 
who was referred to the hospital because of chills and 
a high fever. A spontaneous abortion occurred 1 month 
previously. Persistent vaginal bleeding terminated in a 
severe hemorrhage 2 weeks later. The vagina was 
packed by her family doctor; severe abdominal cramps 
ensued, and the packing was dislodged by a second hemor- 
rhage. Except for headache and a slight fever she was 
then free from symptoms until the day before admission 
when she had a sudden chill with elevation in temperature 


to 104° F. 

The patient was exceedingly toxic and presented the 
appearance of an individual with an overwhelming infec- 
tion. Except for flushed cheeks, the skin and mucous 
membranes were pale. There was no abdominal fender 
ness or spasm. Motion of the cervix was painful, the 
uterus vras enlarged, boggy, and tender. 

The temperature was 104° F., and the pulse 
134; the following day the temperature rose to 105.8 
and the pulse to 140. Blood cultures failed to substanti- 
ate the clinical impression of bacteremia. The patien 
ran a spiking fever with wide daily swings ranging c 
tween 98.6° and 105.2° for 2 weeks. Thereafter t 
temperature gradually subsided to normal and sew 
discharged 26 days after admission. , 

Diagnoses: Early abortion, incomplete; endometri , 
septic; anemia secondary to acute and chronic oss 


[ood. j- 

Procedure. When these observations were maoe, 

;ual interval between the injection of 
laximal leukocytic response in normal mdivi “ 

Dt been determined. Hence 10 o’clock 

id 4 in the afternoon were chosen as arbitraiy 

)r acquiring samples of blood. ,--(.5 in 

ver extract, indicated by the single ver 1 

igure 3, were made at 8 o’clock in the cvemn^^ 

receding day as represented on the chart. 

isions of 500 cc. of whole blood, shown ^ _ ^^^.5 

irtical lines, were given on the second an 

i the hospital. , vj,. count 

Result. In spite of the first transfusion the vn 

ropped precipitously during 740 to 6,33)- 

3,050 to 8,900 and the neutrophils from 1 , 
fter the first and second injections of ii« . 
ren more abrupt rise occurred; the y-e/} 

•om 10,000 to 20,900 and the neutrophi ‘ 

> 17,970 per cu. mm. The f "ponse a t ^ 

Iministration is difficult to evaluate ^trerr-t 

:quent transfusion which was „tcr 

Tiousness of the patient’s condition. Two 
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lions were each followed by a definite but less spectacular 
elevation of the leukocj’tic count. 

The detailed observations are presented graphically in 
Figure 3 and are correlated with the temperature, eoTh- 
rocj-tic count, and percentage of hemoglobin in Figure 4. 

Case 2 

The patient was a 33 year old housewife who induced 
an abortion by the introduction of a catheter 8 days prior 


to admission to the hospital. The following morning she 
passed a 2 months’ fetus, placenta and intact membranes. 
After 4 days of moderate vaginal bleeding, the discharge 
became foul ; fever, headache, and general malaise ensued. 

The patient was extremely pale except for a malar 
flush. The skin and mucous membranes were dry and 
the tongue was coated. The abdominal wall was flabb}’ 
but soft throughout and free from tenderness except in 
the suprapubic region; with deep inspiration the spleen 
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Fig. 4. Correlation of the Highest Daily Tem- 
perature, Erythrocytic Count, Hemoglobin, Leuko- 
cytic Count and Percentage of Neutrophils in 
Case 1. 

The broken vertical lines indicate transfusions of whole 
blood, the single solid vertical lines represent intramus- 
cular injections of liver extract, and the double solid 
vertical lines indicate the beginning of daily oral admin- 
istration of ferric ammonium citrate. 

was palpable 2 cm. below the costal margin. The cervix 
was soft and patulous, the uterus was enlarged and tender 
to bimanual palpation; induration and tenderness were 
present in the posterior cul-de-sac. 

The temperature on admission was 103.4° F., the pulse 
rate was 110, the er 3 ’throcytic count was 2,230,000, the 
hemoglobin 4S per cent by the method of Sahli; the 
leukocytes were only 3,380 per cu. mm. with 75 per cent 
poU’morphonuclear neutrophils. The subsequent white 
counts are presented graphically in Figure 5. Culture 


of the vaginal discharge yielded Streptococcus aiikm- 
iyticus and Escherichia coli. 

With conservative treatment the temperature and pulse 
rate subsided to normal in 3 days. The vagina! discharge 
gradually ceased and the patient was allowed to go 
home 1 week later. The erythrocytic count at that time 
was 3,100,000 and the hemoglobin was SS per cent. 

Diagnoses; Early abortion, complete; endometritis, 
septic, due to Streptococcus anhemolyticiis and Escher- 
ichia coli; anemia secondary to chronic loss of blood. 

Procedure. The experiments with normal individuals 
had been conducted prior to the treatment of this pa- 
tient. Hence a method as nearly comparable as possible 
was carried out. Three cc. of liver extract were given 
intravenously at 9 o’clock in the morning of the second, 
third, fourth, sixth, ninth, and tenth days. Blood for 
counts and smears was taken each afternoon at approx- 
imately two-hourly intervals. 

Result. The result is charted graphically in Figure 5. 
The patient had a pronounced leukopenia on admission, 
with only 3,380 leukocytes and 2,060 neutrophils, per cu. 
mm. An immediate response occurred after each m 
jection, with the peak of the rise at about the same in 
terval of time as was noted with normal individuai. 
A gradual but definite upward trend in the average leu ’O- 
cytic level from day to day also took place, "■'h ^ 
maximum of 12,120 white cells and 9,210 neutrophds 
was reached. The patient’s convalescence was uneven 


Case 3 

The patient, a married woman, 24 years 
[mitted to the hospital with puerperal sepsis, 

ter delivery. , , m 

Examination disclosed a pale. Prostrated, acuej^ 
dividual with dry, parched lips and a ^ 

he neck was stiff and painful when flexed- 
as hyperactive, the impulse forceful, an ter ^ 
he abdomen was enormously distended w 
id with no tenderness except in the s^prap ^ 

fter the abdominal distension had partia ly ’ 

erine fundus could be felt mid-way between the sj 

lysis and umbilicus. . jj/J. 

The temperature was 104° F. and the pu 
he white count was 12,750 with 80 per ce 
e red count, 2,990,000, and the 
he leukocytic counts in detail and t eir * 
ctions of liver extract, transfusions, a 
ation of antistreptococcus s^rum (We 
epartment of Health) are presente m and 

Vaginal smear yielded L blood on the 

e same organism was obtained fro . ^r. 

venth day and on numerous occasions 
During the first week in the 

ent and a downward trend m On 

iticeable. She was transfused on W - P ^ 
e seventh, the temperature was again ^ 
le course thereafter was , and dcr.h 

iphlebitis of the left iliac vein dcvelope 
xurred at the end of 5 weeks. 
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Diagnoses: Puerperal septicemia and bacteremia due to 
Strcl'tococciis hcmolylicus; acute thrombophlebitis of the 
vessels of the left lower extremity; anemia secondary 
to infection. 

Procedure. The first 36 hours were utilized as a con- 
trol period; blood for the usual studies was taken at 


with a peak of 20,000 nine hours after the last injection 
(Figure 6). An abrupt drop occurred the following 
day in spite of a transfusion. The trend thereafter was 
steadily downward to a constant average level of about 
10,000 per cu. mm. which was maintained during the re- 
mainder of the patient’s illness. 



intervals of 2 hours during the day in order to obtain 
the range of the leukoc^nic level before treatment was 
instituted. The patient was then given 3 cc. of liver 
extract intramuscularly at 8 o'clock in the morning of 
the following 3 successive days and the observations were 
repeated at the same two-hourlj' intervals. The author 
was not personally in charge of this patient and the in- 
jections were discontinued thereafter. Blood for counts 
was taken at less frequent intervals for several days 
longer, however, and the leukocytic curve presents a sharp 
contrast to that which was observed during the period of 
treatment with liver extract. 

Result. During the first 6 days in the hospital the 
patient s clinical condition improved. The highest daily 
elevation in temperature dropjid from 104° F. to 102° F. 
and the pulse rate showed a perceptible downward trend. 
Three injections of liver extract were given during this 
period and the total white count rose from an average 
let el of 10390 per cu. mm, on the day before treatment 
tvas instituted to an average of 17330 on the third day 


Cmnmenf. No conclusions may be drawn from 
such a small group of patients. In each of the 
cases presented, however, a well marked elevation 
of the leukoGj-tfc count followed the intramuscular 
use of liver extract. Two patients, who were ex- 
ceedingly ill upon admission to the hospital, re- 
covered but it is verj- probable that recoverj' would 
have occurred without the use of extract as a 
leukoc)’togenic stimulant. In one case, the even- 
tual outcome was fatal but clinical improvement 
was apparent during the period of treatment. 
Several favorable reports (4), (5) have ap- 
peared in the recent literature on the value of liver 
extract in the treatment of agranulocvtic angina. 
Murphy (6) has recorded well marked leukocytic 
responses with recovery in several cases, and feels 
that the drug has a distinct place in the treatment 
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of this disease. If such be true, it seems reason- 
able to expect that some benefit may be derived 
from its use in patients with infection accom- 
panied by a less severe degree of leukopenia than 
that which occurs in the average case of agranu- 
loc 3 dosis. 


SUMMARY 

Observations on the degree and character of 
the leukocytic response induced by the intramus- 
cular administration of liver extract to 7 normal 
subjects and to 3 surgical patients with infection 
have been described and presented in graphic 
form. 

The normal individuals were divided into 2 
groups. To the first of these 3 cc. of liver ex- 
tract were given at 9 o’clock in the morning; ob- 


irvations made the day preceding and 
)llowing the experiment were utilized as 
he leukocytic response was entirely neu 
character, and reached its peak in^ ou , 
as composed of a relatively greater increas 
;r cent) in the young or band forms t la 
ature cells (96 per cent). The n«niber oh 
miles increased from zero to 270 per cu. 

There were 3 normal subjects m t 

•oup who received the °hite ccih 

5 o’clock in the morning. The total 
mbled, the neutrophils increase F .^nilcs 

id the band forms, 370 per cent. 
ise from zero to 400 per cu. mm. 

,e rise again occurred 6 hours a er 
he number of young cells disappear d , 

ore slowly from the peripheral bloo 
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e mature forms. The results suggest that the 
iikoc}’tosis induced b}' the intramuscular admin- 
Tation of liver extract to normal indudduals is 
le either to direct or indirect stimulation of the 
)ne marrow. 

Three surgical patients, 1 with puerperal sepsis 
id bacteremia, and 2 with septic endometritis 
ere given liver extract intramuscularly. In each 
ise the leukocjtic count was low before the in- 
ctions were started and a w’ell marked leukocy- 
isis occurred thereafter. The response was en- 
rely neutrophilic in character. 
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In normal subjects in the basal state the heat 
lost from the body through evaporation of water 
from the skin and respiratory passages has been 
found to be related to the total heat production. 
Soderstrom and DuBois (1) in 1917 measured the 
basal heat production and the ^Yater of vaporization 
from the body simultaneously in a Russell-Sage 
calorimeter; 27 studies in 12 normal male sub- 
jects, 20 to SO years of age, revealed that an 
average of 24 per cent, with variations from 21 
to 28 per cent, of their total heat production was 
expended in the vaporization of water. Studies 
in 8 boys and 6 old men showed an average of 27 
per cent of the total heat lost through vaporiza- 
tion in each group (1). Subsequently, Levine 
and Wilson (2) found that infants and children 
lost in this manner an average of 26 per cent of 
their heat production. Benedict and Root (3) in 
1926 measured the basal metabolic rate and either 
the basal or sleeping insensible water loss in a 
large group of individuals comprising normal sub- 
jects and patients with diabetes or thyrotoxicosis; 
from their data these authors constructed a table 
for predicting metabolism from the basal or sleep- 
ing insensible weight loss. The studies of Bene- 
dict and Root (3) and those of subsequent in- 
vestigators (4, 5, 6, and others) confirm in general 
those of Soderstrom and DuBois in normal sub- 
jects. On the basis of data available in the litera- 
ture (1, 2, 6) Lavietes (7) has recently described 
an average relationship between basal insensible 
loss of weight and basal heat production in normal 
subjects by the equation; Glories (per hour) 
= 2.2 I L, where I L represents the insensible 
weight loss in grams per hour. 

Attempts to correlate insensible water loss with 
metabolism under conditions other than basal have 
pelded vaiydng results. It has been found that 


the insensible weight loss increases above the basal 
when a patient assumes the sitting position (8), 
on activity (9, 10), in fever (1), and usually after 
eating (1, 11, 12). Jores (11) and Dieckhoff 
(12), however, found that the increase in metab- 
olism following a protein meal was not always as- 
sociated with a corresponding increase in insensi- 
ble water loss, in fact in certain experiments the 
insensible loss did not increase at all when the 
metabolism increased by as much as 30 per cent. 
Furthermore, results of other investigators have 
revealed that the heat lost by vaporization in sleep 
(8, 9, 13) and on actirity (7), even when unac- 
companied by sensible perspiration, may not bear 
the same relation to total heat production as ob- 
tains under basal conditions. 

To what extent the percentage of the total heal 
lost by water vaporization varies in metabolic dis- 
eases which alter heat production is not entirely 
clear. Thus, although the percentage of heat lost 
by vaporization in hyperthjToidism has been stud- 
ied by several authors, studies in only a few iso- 
lated cases of hypothjToidism are reported. The 
percentage of the total heat lost through vaporiza- 
tion under basal conditions has often been found 
increased in hyperthyxoidism (1, 3, 4, 11), even 
when no sensible perspiration is discernible; the 
few available reports in hypothyroidism indicate 
that the percentage heat lost through vaporization 
may be less than normal (1, 4, 9). The purpose 
of the present investigation was to determine the 
relationship of insensible water loss to heat pro- 
duction in a group of patients with hypothyroid- 
ism. By comparing the values in hypothyroidism 
with values in normal individuals under identical 
experimental conditions, certain differences be- 
came erident. 

MATERIAL AKD METHODS 

Nine studies were made in eight patients with hypo- 
thyroidism which developed follo'wing total ablation of 


^This investigation was aided b}- a grant from the 
William W. Wellington Research Fund of Harvard Uni- 
versity. 
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the thyroid gland, performed for the relief of either 
angina pectoris or congestive heart failure (14). Some 
clinical signs and symptoms of hypothyroidism were 
present in all these patients at the time of study. In 
accord with considerations outlined elsewhere (14), thy- 
roid (Armour’s) medication was being administered to 
three of the patients in amounts sufficient to prevent 
distressing symptoms of myxedema (Table I). A few 
patients were studied just before thyroid therapy was 
started, when striking clinical manifestations of myxe- 
dema were present. Two additional studies were made 
in two of the patients with hypothyroidism after the 
metabolic rate had been increased by the administration 
of dinitrophenol for several days before the test. The 
results in the patients with hypothyroidism are compared 
with those obtained in eleven studies in nine individuals 
with no evidence of endocrine disease; seven of these 
tests were made in five individuals who were entirely 
normal; the diagnoses in the other four patients are 
given in Table I. 

The experiments were done either after the patient 
had fasted over night or three hours after he had eaten 
a light breakfast (200 cc. of orange juice and a slice of 
toast with butter), consisting mainly of carbohydrate. 
After coming to the laboratory he removed his clothes 
and put on a hospital Johnny, outing flannel pants and 
cotton socks, thus covering the whole body except the 
hands and face. These clothes were hung in the labora- 
tory for several hours and were weighed just before they 
were donned. The laboratory temperature was adjusted 
and controlled between 73° and 78° F. 

A Troemner 2 “ human being balance ” with suspended 
seat was utilized for weighings. This balance in our 
hands appeared accurate to approximately 1 gram; al- 
though the weight measurements are not as exact as 
those obtainable with a more sensitive balance, they 
serve for the purpose of this investigation. The subject 
sat in the balance seat for at least 30 minutes, after 
which a metabolic rate measurement was made, the ex- 
pired gases being collected for ten minutes in a Tissot 
spirometer. The weight of the patient was then taken, 
the time being noted exactly. The patient remained quiet 
on the balance during the following hour, after which 
another weight measurement was made. The metabolic 
rate measurement was then immediately repeated. Fol- 
lowing this the patient stepped directly from the balance 
to a bed where measurements of the skin temperature at 
twenty-five points on the body, including points on the 
head, trunk, and both left and right extremities, were 
made with a standard thermocouple. The clothes were 
removed and immediately reweighed; in almost every 
instance the weight increased from 0 to 3 grams, the 
average gain being approximately 2 grams. Although 
there was an appreciable gain in the weight of the clothes 
as thus measured it is probable that equilibrium was 
obtained with the cutaneous water loss and the at- 
mosphere during the hour which elapsed between dress- 


= Obtained from Henry Troemner, Philadelphia, Pa. 


ing and the beginning of the weighings to determine the 
insensible water loss, the change in the weight of the 
clothes during the hour when the insensible weight loss 
was measured probably being insignificant (10), 

The average deviation from the average of the two 
metabolic measurements made in each experiment was 
± 2 per cent, the range being from ± 0 to ± S per cent. 
The insensible water loss per hour was calculated from 
the insensible weight loss by subtracting the weight lost 
through gas exchange (weight of carbon dioxide e.x- 
pelled minus weight of oxygen consumed, this data being 
obtained from analyses of the gases expired during the 
measurements of the metabolic rate). The percentage of 
the total heat lost through water evaporation from the 
skin and lungs was calculated from the caloric equiva- 
lent of the water evaporated (grams water X 0.S8 = cal- 
ories) and the total metabolism. The average volume 
of the expired gases for the two 10 minute periods in 
which metabolic measurements were made were utilized 
to calculate the respiratory minute volumes. 

The measurements of basal metabolic rate were made 
with a Collins-Benedict-Roth apparatus on the day of 
the measurements of insensible water loss or shortly 
preceding this date. The Aub-DuBois standards (IS) 
were utilized in calculating the deviation of the basal 
metabolism from normal. 


RESULTS 

The average metabolism of the control subjects 
on the balance was 65 calories per hour and the 
average insensible water loss was 33 grams per 
hour ; in the hypothyroid group the average metab- 
olism was 51 calories per hour and the average 
water loss only 19 grams per hour (Table I). 
The average basal metabolic rate of the hypothy 
roid patients was 29 per cent below the standard 
average normal with variations between minus 
and minus 44 per’ cent. In the subjects without 
hypothyroidism an average of 29 per cent of t e 
total heat produced was eliminated by evaporation 
through the skin and respiratory passages; m the 
hypothyroid patients an average of 22 per cent 0 
the heat produced was thus eliminated. W ercas 
the percentage heat dissipated by evaporation vns 
above 25 per cent in nine of eleven expenment 
in the control subjects, it was below 25 
in seven of the nine experiments in t e pa 
with hypothyroidism. The results in t c tw 
pothyroid patients whose metabolic rates ^ ^ 
raised to plus 7 and minus 12 per cent ^ 
nitrophenol were similar to the results 0 ) > 
in the same patients before the drug ''as 
(Table I). 



Comparison of insensible water loss and metabolism in hypothyroid patients and in normal individuals, together svith related data 


INSENSIBLE WATER LOSS 
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The respiratory minute volume per square meter 
of body surface was 32 per cent lower in the hypo- 
thyroid group than in the control subjects (Table 
I). In the two groups of subjects the average 
and the range of variation of skin temperatures 
were practically the same at all the body sites 
except in the lower extremities, where the values 
tended to be slightly lower in the hypothyroid 
group. In the patients with hypothyroidism the 
metabolism sitting on the balance averaged 10 per 
cent higher than the basal metabolism; in five 
control subjects (7 experiments), where the basal 
metabolic rates were known, the metabolism sitting 
on the balance averaged 15 per- cent higher than 
the basal. 


DISCUSSION 

The foregoing experiments demonstrate that 
the percentage of the total heat production which 
is eliminated by water evaporation from the skin 
and respiratory passages is distinctly lower in pa- 
tients with hypothyroidism than in normal sub- 
jects, These experiments were performed with 
the subjects sitting upright on a hard surface, and 
the results are therefore not strictly comparable 
with those obtained in subjects in the basal state 
by other investigators; this difference in experi- 
mental conditions probably accounts for the some- 
what higher average percentage heat loss by eva- 
poration in our. control group than has been found 
in normal subjects under strictly basal conditions 
by others (1, 2, 6). Benedict and Wardlaw (8) 
in four experiments found the insensible water 
loss to increase on an average of 20 per cent in 
the sitting position as compared with the lying 
position ; no simultaneous metabolic measurements 
were made, but the increase in water loss seemed 
somewhat higher than the expected increase in 
metabolism (8). 

A few experiments performed under basal con- 
ditions in patients with hypothyroidism are re- 
ported by other investigators, and our conclusions 
accord with their results (,1, 4, 5, 9). Soderstrom 
and DuBois (1) found the percentage heat lost by 
evaporation under basal conditions in four experi- 
ments in three dwarfs with symptoms of hypo- 
thyroidism (cretins) somewhat less than normal ; 
the values for these four experiments were 20, 21, 
21 and 24 per cent heat lost by evaporation. 


whereas under the same experimental conditions 
these' authors found that normal subjects of the 
same age lost from 21 to 28 per cent (average 24 
per cent) of their heat by evaporation. Magen- 
dantz (4) reports one strikingly low percentage 
heat loss by evaporation in an obese patient with 
symptoms of myxedema and a basal metabolic rate 
30 per cent below the standard average normal; 
after thyroid treatment the heat lost by this chan- 
nel was increased, Jores (9) found a markedly 
diminished percentage heat loss by evaporation 
from the skin in one myxedematous patient whose 
basal metabolic rate was 24 per cent below the 
standard normal; after treatment the water loss 
by the skin increased to normal also in this in- 
stance. 

Benedict and Benedict ( 16) and Jores (9) have 
shown that in normal individuals under basal con- 
ditions approximately 40 per cent of the total 
water evaporated from the body comes from the 
respiratory passages. In our experiments the 
respiratory minute volume of the patients with hy- 
pothyroidism averaged 32 per cent lower than that 
of the control group, and the calories per hour 
averaged 22 per cent lower (Table I). 
these results it is apparent that the volume respira- 
tion per unit of metabolism was not significantly 
different in the hypothyroid subjects than in the 
control group.® It may be concluded that the de- 
crease in water, loss in the respiratory passages m 
the hypothyroid group was therefore in approxi 
mate proportion to the lowering of the metabolism. 
Since, however, the total percentage heat lost 
through evaporation was low in the hypothyroi 
group, it follows that the percentage heat os 
through loss of water by the skin must have een 
markedly below normal. This finding 
with Jores’ (9) direct observation of a markedly 
decreased percentage heat loss by vaporization o 
water from the skin in one case of myxc ema^ 
The lowered loss of water by the skin m our pa- 
tients with hypothyroidism does not . 

due to lowered skin temperature; althougi 
average skin temperature of the lower extrenn i 
was slightly less than that of the control gro p. 
there was no correlation between the skm cn p 


' The average respiratory volume per 

u,. .nntml ..rouo and 0.094 in the h>po 4 or 


group. 
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ture and the insensible water loss in individual in- 
stances. The abnormal diminution in loss of 
irater by the skin in patients with hypothyroidism 
may be due to the drjmess of the skin in such 
cases. On the other hand, some other rearrange- 
ment may be the essential factor in the lowered 
loss of water by the skin and the consequent 
conseiwation of body heat. In contrast to the 
abnormally low loss of water b}’ the skin in 
h}-potlijToidism, Jores (11) has reported an ab- 
normally high loss from the skin in hj-perthjToid- 
ism. 

The \*alue of an indirect method of measuring 
total 24 hour metabolism of normal and patho- 
logical subjects under conditions of varied activity, 
i.e. sleep, moderate exercise, eating, talking, read- 
ing, etc., is apparent. Newburgh and his co-work- 
ers (17, IS), Larietes (7), and others have at- 
tempted to apply measurements of insensible 
weight loss to this purpose. The hypotheses on 
which the measurement of total 24 hour metab- 
olism by insensible water, loss rest, are: (1) the 
percentage of the total heat which is lost by eva- 
poration in a given normal or pathological in- 
dividual in the basal state does not vary appreci- 
ably from the average figure for normal individ- 
uals; (2) the percentage heat lost by evaporation 
under conditions of sleep, digestion, moderate 
activity, etc., does not vary significantly from that 
under basal conditions; and (3) sensible perspira- 
tion does at no time appear. It is apparent from 
our results that it would be inaccurate to use the 
same factor for heat lost by evaporation in pa- 
tients \vith hypothyroidism and in normal sub- 
jects. It appears, moreover, that the factor in 
both normal and diseased subjects varies to such 
an extent even under basal conditions (3, 4, 9, 
and 11) and with the patient sitting quietly (Table 
I) that the acceptance of an average factor for 
any group, normal or. pathological, may lead to 
quite erroneous conclusions. As stated above, 
there is evidence to indicate that the percentage 
heat lost by evaporation in sleep, after eating, on 
activity, etc., is not the same as under basal con- 
ditions. There is also evidence that the percent- 
age of the total heat production eliminated by 
water evaporation may be quite abnormal in 
obesity (4, 19, and 20), diseases associated with 
abnormal water balance (literature reviewed by 


Lavietes (7)), hyperthyroidism (1, 4, and 11) 
and other conditions. Lavietes (7) has reviewed 
the results of other investigators who have re- 
ported measurements of 24-hour metabolism by 
insensible weight losses and has added observ'a- 
tions of his own. His studies illustrate fallacies 
in the method. From the results of our studies 
it must be concluded that an empirical relation- 
ship betiveen water loss and metabolism based on 
results found under basal conditions in normal 
individuals can not be applied to the measurement 
of metabolism in patients %vith hj'pothjToidism. 
It also seems to the authors that even though the 
percentage of the total heat production for a 
given individual were found constant under basal 
conditions, this value could not be applied with 
reliability to a measurement of total 24-hour 
metabolism. 

TABLE n 


Skin temperature findings 


Body site 

Average sTdn 
temperature 

Limits of sHn 
tempera ttire 

Con- 

trol* 

group 

Hypo- 

thyroid 

group 

Con- 

trol 

group 

Hypothy- 

roid 

group 


• c. 

•a 

•c. 

•C. 

Forehead 

32.4 

32.2 

31.6-33.5 

31.4-32.9 

Substemal notch 

32.5 

32.5 

31.4-34.0 

30.7-34.8 

Midstemum 

32.9 

32.4 

31.9-34.3 

31.7-33.2 

Navel 

33.1 

32.5 

32.5-35.0 

31.1-34.2 

Lower arraf 

32.6 

32.0 

31.5-34.5 

30.6-33.3 

Palm 

32.0 

31.6 

30.7-34.3 

28.1-32.9 

Thumb 

30.4 

30.3 

27.5-32.6 

26.8-32.5 

Shin 

31.4 

31.0 

30.2-32.7 

30.5-31.6 

Dorsum 

30.7 

29.4 

28.6-33.5 

27.3-31.1 

Great toe 

28.3 

27.4 

26.1-32.1 

24.6-30.3 


* There were 9 experiments in 8 control subjects, and 
7 experiments in 6 subjects with hypothyroidism. 

fThe temperatures recorded for the extremities repre- 
sent the average of the mean findings for the two limbs. 

SUIIIIARY 

The insensible water loss and the metabolism in 
the sitting position have been measured in patients 
with hypothjToidism following total thjToidec- 
tomy and, under identical experimental conditions, 
in normal individuals. The insensible water loss 
was found strikingly decreased in hj'pothjToidism, 
and the percentage of the total heat lost by water 
evaporation in the hypothyroid patients was usu- 
ally much less than in the normal subjects. Cal- 
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culations indicate that the water lost through the 
lungs in the patients with hypothyroidism was 
diminished approximately in proportion to the di- 
minished metabolism; the water lost through the 
skin on the other hand was diminished markedly 
out of proportion to the lowered metabolism. The 
pitfalls encountered in attempts to estimate total 
metabolism by measuring insensible perspiration 
are discussed; it is concluded that the results of 
metabolism studies, so made, are subject to un- 
predictable errors. 
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If a suitable quantity of mammalian liver, or 
an extract thereof, be given to unselected guinea 
pigs, a significant increase in the number of cir- 
culating reticulocj-tes will ensue in the majority 
of the animals. This phenomenon was first ob- 
served seven years ago, and since that time con- 
siderable data have been obtained which indicate 
that the reticulocjdosis may be utilized as a valid 
indicator of the therapeutic potency of materials 


because of the presence of evidence of hemolysis, have 
been said to simulate human pernicious anemia. But to 
most investigators has been lost the fact that the thera- 
peutic efficacj’ of liver, in human disease, is confined to 
pernicious anemia and related macrocytic anemias, and 
the fact that none of the toxic materials have induced in 
animals a condition which even remotely resembles Addi- 
son’s anemia. 

The extensive literature dealing with biological tests 
is summarized in Table I. Space does not permit a 


TABLE I 

Summary of literature concerning biological tests for therapeutic potency of lieer extracts 


Positive resells 

Normal animals (II) (35) (7) (20) 

Animals rendered anemic by hemorrhage (18) 

Animals rendered anemic by infection (2) (6) 

Animals rendered anemic by dietary defidenc>’ (23) (29) (39) 

Animals rendered anemic by toxic materials (17) (30) (33) (27) 

Miscellaneous anemias (19) (22) 


Xegative results 

(1) (34) (38) (13) (37) (14) 
(1) (9) (27) (36) (38) 

(26) (29) (36) 

(36) 

(1) (5) (8) (12) (13) (27) 
(32) (36) (38) (17) 


which are effective in pernicious anemia. A pre- 
liminary note concerning this work has already 
been published ( 40 ). 

Many attempts have been made in the past to 
devise a method of biologic assay of liver extracts. 
As far as the author, is aware, only one of the 
many heretofore proposed has been demonstrated 
fully valid. 

HISTORICAL 

Most of the studies previously reported have taken the 
form of investigations of the effects of liver extracts upon 
the blood of either normal animals, or of animals rend- 
ered anemic in various ways. Several toxins have been 
known to produce in laboratory animals anemias, which, 

^ This study was made possible by assistance from the 
William W. Wellington Research Fund and the DeLamar 
Mobile Research Fimd of Harvard Medical School and 
by Therapeutic Research Grants Numbers 206 and 244 
of the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association. 

- Presented in abstract before the .American Society for 
Clinical Investigation, April 30, 1934. 


critical discussion of the many proposed tests, but, in the 
author’s opinion, none give promise of serving as a valid 
indicator of the therapeutic activity of substances which 
are effective in pernicious anemia. To this generaliza- 
tion there are three exceptions, which are discussed below. 

Of interest is the recent commimication of Landsberg 
and Thompson (20). These authors, independently of 
the present writer, foirad that normal guinea pigs, main- 
tained on a normal diet, reacted to the subcutaneous' 
administration of commercial liver extract -with a re- 
ticulocytosis. Six guinea pigs, after the injection of liver 
extract, exhibited reticulocytoses ranging from 4 to 8 per 
cent. One month later, two of these animals again re- 
acted with a reticulocytosis to the administration of liver 
extract. Two animals did not react to the injection of 
an iron salt The authors conclude that the phenomenon 
is worthy of further study. 

Recently Miller and Rhoads (24) have proposed a dif- 
ferent type of test. These authors noted that five adult 
guinea pigs, when fed a Goldberger diet which was pro- 
ductive of canine black tongue, lost weight, and died in 
two to three weeks. Five other guinea pigs, when fed 
the same diet together with commercial liver extract, 
gained weight, and survived. .A group of four animals 
which received the same diet together with 1 gram oi 
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vegex (autoIyzed_ yeast) lost weight and died. Similar 
results were obtamed with a group of three guinea pigs 
ed the diet plus 2 grams of ventriculin. But a grouj of 
our pmea pigs given the diet together with 1 gram of 

Xer^'S sur- 

■ conclusion was reached that the death or 

survival of the guinea pig may serve as a useful test for 

evaluating the potency of various substances used I 
pernicious anemia, 

^'■‘^cr that the validity 
of the above phenomenon, as a test for all types of sub- 

stra"ted iTT "ot yet demon- 

strated. In_ the author’s laboratory the administration' 

to guinea pigs, fed the basic diet of Miller and Rhoads, 
large amounts of a more highly purified but thera- 
peutically active commercial liver extract did not prevent 

basicltoltae.'*'"'’""* 

The most recent attempt to produce an anemia by 
means of a dietary deficiency has yielded very significant 
results in the hands of Miller and Rhoads (39) X 
feeding a modified canine-blaclc-tongue-producing diet to 
swine, a symptom-complex marked by oral mucous mem- 

nroT --crocytic anemia, was 

produced. This anemia was relieved by the administra- 
tion of an extract of the livers of normal swine, but not 
by the extract of the livers of the anemic swine. Further 
similarity of this pathological condition with pernieiX 
anemia of man was evidenced by the facts that in the 
anemic swine, the femoral bone marrow became hyper- 
plastic, and the gastric juice and the liver were devoid 
0 hematopoietic activity in pernicious anemia. These 
findings of Miller and Rhoads suggest the use of such 
anemic swine as test animals for the assay of liver ex- 
tracts. The quantitative relation between the amount of 
hver administered to the swine and the resultant hema- 
topoielic effects remains to be investigated. 


METHODS 

The care of the guinea pigs 

The animals used in the present study were 
adult male guinea pigs, weighing, at the time of 
acquisition, between 300 and 800 grams. They 
were obtained from various sources. No reason, 
other than the desirability of avoidance of preg- 
nancy, accounts for the use of only male animals. 
The animals are maintained in small cages, each 
holding from six to eight guinea pigs, and each 
fitted with a wire bottom, the holes of which are 
large enough to eliminate coprophag)'. The diet 
of the animals consists solely of oats, carrots, and 
lettuce. The quantity of food is not measured. 
No hay, sawdust, or wood shavings are present 
in the cages. 


The method of estimation of rcticuiocyics 

Purposes of this study the following 
method has been found most satisfactory, afford- 
ing a high degree of accuracy with the expenditure 
of a minimum amount of labor. A clean glass 
slide IS warmed over a flame and is then coated 
with a thin film of saturated alcoholic solution of 
^ rilliant cresyl blue. The ear of the guniea.pig 
IS wiped off with alcohol, and a very small drop 
of capillary blood is taken up on a clean cover 
slip, which is then inverted upon the stained slide. 
The blood film is spread out by gentle pressure on 
the cover slip, and then the sides of the cover 
slip are rimmed with melted paraffin. This prep- 
aration is suitable for the estimation of reticulo- 
cytes for not longer than forty-five minutes, for 
after the lapse of a longer interval excessive 
hemolysis takes place. The eyepiece of the micro- 
scope is blocked off, with holes cut in paper, so 
that each oil immersion field contains from twenty- 
five to thirty erythrocytes. The reticulocytes in 
this wet preparation are readily identified ; all red 
blood cells containing either punctate or thread- 
like particles of purple staining reticulum are 
classified as reticulocytes. The reticulum can 
readily be distinguished from platelets or from 
particles of the dye by the position of the latter 
outside the erythrocyte. The counting is carried 
out in areas in which the erythrocytes are dis- 
tributed in a fairly uniform and unicellular layer. 
The reticulocytes among two hundred and fifty 
red blood cells in one corner of the preparation 
are counted, and a like number in an opposite 
corner ; the number of reticulocytes observed mul- 
tiplied by 0.2 yields the per cent of reticulocytes. 

The above method of estimation of reticulo- 
cytes has been described in detail, for it is the 
opinion of the author that repetition of the stud- 
ies reported in this paper requires the exact dupli- 
cation of the author’s technique. 

Comparative reticulocyte counts by the wet 
method and by the conventional method, on a dry 
smear counterstained with Wright’s stain, per- 
formed on samples of blood from nine guinea 
pigs, yielded no significant differences in the per- 
centage of reticulocytes. The acairacy of the wet 
method, in the hands of trained observers, v/.is 
demonstrated by the following c.xpcrimcnt. Tv/o 
observers, independently of one another, counter 
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tlie ret:culoc 3 'tes in six different areas, each area 
comprising 500 er\'throcj’tes, of samples of blood 
from five guinea pigs. A highh’ uniform distri- 
bution of reticulocytes in different parts of the 
\Yet preparation was observed. The greatest dif- 
ferences in distribution were of the same order of 
magnitude as the greatest differences between the 
counts of the two obser\-ers. In neither case was 
the divergence large enough to render invalid the 
differentiation between a negative and a positive 
reticuloc}-te response (ride infra). 

Further evidence for the reliabilitj- of the re- 
ticulocj’te method is furnished bj’ the relative con- 
stanc}-, in the individual animal, of the negative 
responses presented in Tables III -and V. 

The method of administration of liver c.vtracts 

Unless otherwise stated, the experiments to be 
described below concern the effects of substances 
introduced parenterallj’. All solutions, containing 
water as the diluent, are made up to a volume of 
approximately 5 cc., and are injected intraperi- 
toneallj*, \\*ithout any aseptic or antiseptic pre- 
cautions. No' peritoneal inflammatory reaction 
following such an injection has ever been noted. 

Substances which are to be administered orally 
are best given in a volume not exceeding 2 cc. 

The selection of reactive guinea pigs 

The reticulocyte levels of unselected guinea 
pigs. The reticulocjd;e counts of thirty^ unselected 
guinea pigs were studied over a period of eight 
successive days after the installation of the ani- 
mals in the environmental conditions described 
above. It was observed that the initial reticulo- 
cyte counts of many animals were above 1.2 per 
cent, that during the first four days many coimts 
remained above this level, but that, wdth the ex- 
ception of three animals, during the last four 
days the reticulocyte counts remained at 1.2 per 
cent or lower. It has been the practice of the 
W'riter to discard guinea pigs which exhibit fluc- 
tuant reticulocyte levels during the first week of 
obseia'ation. 

The animals which exhibit stable reticuloQ'te 
counts of not over 1.2 per cent, which comprise 
the majority of all newly acquired guinea pigs, 
are then tested for their capacity to react with a 
reticulocytosis to the administration of therapeu- 


tically active liver extract. For this purpose com- 
merdal liver extract,^ in an amount derived from 
4.3 mgm. of fresh liver per kilogram weight of 
guinea pig, is injected intraperitoneall}', on one 
occasion only. During the subsequent six days a 
large proportion of the injected animals will ex- 
hibit a positive reticulocyte response, in a manner 
to be described fully below'. The proportion of 
animals which are found to be reactive, on the 
initial test, varies amongst different batches of 
guinea pigs ; from 30 to 70 per cent is the propor- 
tion most often encountered. Only those guinea 
pigs which react to the initial test with a positive 
response are retained for further experimental 
purposes. 

The uninjected guinea pigs offer no clue that 
might serve to differentiate reactive from non- 
reactive animals. Neither the weights of the 
animals, the height of the erythrocj'te counts, the 
initial reticulocyte levels, or the appearance of 
the stained blood smear, show any significant dif- 
ferences betiveen the two classes. 

The ^•ariations in the proportions of reactive 
animals do not seem to bear any relation to the 
season of the year. 

It has been the practice of the author, in the 
past, to discard those animals which have not 
reacted to the im'tial test writh a reticulocytosis. It 
is not to be inferred, however, that there neces- 
sarily exists a fundamental qualitative difference 
beriveen the two classes of guinea pigs. For, 
further tests for reactiwty of the initially non- 
reacnive animals may remove a large proportion 
from this class. In Table II are presented the 
results of the retesting, at approximately monthly 
intervals, of a group of twentj'-five tmselected 


T.VBLE n 

Responses of 25 wiselecied guinea pigs to successive 
retesting , 


Nniaber of animals 

7 

6 

7 

3 

2 

Algro. of fresh liver injected 
per kilo of animal 

43.0 






43.0 
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- The author has used Solution Liver Eitract-Lederle, 
N. N. R. 
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animals. It is evident that the seven guinea pigs 
which were initially reactive remained reactive 
through the subsequent tests; while of the ini- 
tially non-reactive animals, thirteen became re- 
active and exhibited positive responses on three 
or more successive occasions. Of the remaining 
five initially non-reactive animals, three became 
responsive on the fifth test, while only two did not 
remain consistently reactive after the first posi- 
tive response. In no case, therefore, did any ani- 
mal constantly exhibit a non-reactive state. 

The hematopoietic response to the administration 
of liver extracts 

The reticulocyte response. In order to study 
the reticulocyte level during a control period, 
counts on twenty-seven reactive guinea pigs (i.e., 
those animals which have reacted to the initial test 
with a positive response) were performed on six 
successive days, during which nothing was admin- 
istered. Only one animal exhibited values as high 
as 1.6 per cent reticulocytes. A statistical treat- 
ment of these data yields the following results : 

Arithmetical mean 0.85 per cent reticulocytes 

Standard deviation 0.33 per cent reticulocytes 

Probable error 0.22 per cent reticulocytes 

Probable error X 3.2 0.70 per cent reticulocytes 

It is fair to conclude, therefore, that practically 
all resting, reactive guinea pigs, over a period of 
six successive days, will not exhibit reticulocyte 
counts greater than 1.55 per cent. 

On the other hand, following the administra- 
tion of therapeutically active liver extract, the 
reticulocytes almost invariabl)’-, during the subse- 
quent six days, rise to at least 2.0 per cent. Nu- 
merous examples of these responses are to be 
seen in Table III. A positive response is defined 
by the author as a rise of the reticulocyte count 
to at least 2.0 per cent on two successive days, 
within six days after the administration of the 
substance to be tested. A weakly positive or 
doubtful response is defined as a rise of the re- 
ticulocyte count to at least 2.0 per cent on only 
one day, or on two non-successive days, of the 
six day period. All other reactions, within the 
six day period, are termed negative responses. 

i^Iany examples of weakly positive and of nega- 
tive responses are contained in the tables cited 
above. 


TABLE III 

Responses of erythrocytes and of absolute number of 
reticulocytes 


Ck ID 

Negative responses 

Q. 0) 

Positive responses 

«■§ 
<u c 

C 3 
3 0 

O 

Days 

after 

injec- 

tion 

Reticu- 

locytes 

Red 

blooc 

cells 

Num- 
ber of 
reticu- 
locytes 

Cl E 

a 3 
3 C 

0 

Days 

aftei 

injec 

tion 

Retic- 

ulo- 

cytes 

Red 

bloo( 

cells 

Num- 
ber of 
reticu- 
locj-tcs 



per 

mil - 




per 

mil - 




cent 

lions 




cent 

lions 


297 


1.0 

6.10 

61,000 

42 


1.2 

4.99 

60,000 


1 

0.2 

6.27 

12,500 


1 

1.8 

6.24 

112,400 


2 

0.8 

6.21 

49,700 


2 

1.8 

6.64 

119,600 


3 

1.2 

6.05 

72,600 


3 

3.4 




4 

0.8 

6.39 

51,200 


4 

2.2 

4.95 

109,000 


S 

0.6 

6.42 

38,500 


5 

2.6 

4.94 

128,500 


6 

0.4 

5.21 

20,800 


6 

1.6 

6.30 

101,000 

31 


0.8 



296 


0.8 

4.97 

39,700 


1 

1.2 

5.48 

65,800 

1 

1.2 

5.03 

60,800 


2 

1.0 

5.76 

57,600 


2 

0.2 

4.94 

9,900 


3 

0.8 

5.91 

47,250 


3 

2.0 

4.60 

92,000 


4 

0.8 

5.79 

46,300 


4 

1.8 

4.75 

85.050 


S 

0.8 

5.73 

45,800 


5 

2.4 

4.84 

116,000 





6 

2,6 

5,38 

140,000 

48 


0.6 







51,500 

1 

0.6 

6.54 

39,200 

298 


1.0 

5.15 


2 

0.6 

6.52 

39,100 


1 

1.4 

5.70 

80,000 


3 

0.4 

6.58 

26,300 


2 

2.0 

6.54 

1 13,000 


4 

0.2 

6.31 

12,600 


3 

2.8 

5.56 

156,000 


S 

0.6 


4 

2.4 

6.18 

148,000 

40 


0.6 

5.80 

34,800 

39 


1.0 

5.72 

57,200 

86,800 


1 

1.4 

5.87 

82,200 

1 

1.6 

5.43 


2 

3 

4 

5 

6 

1.4 

1.6 

1.6 

1.6 

1.8 

4.96 

5.70 

5.66 

5.40 

78,400 

91.200 
90,600 

97.200 


2 

3 

4 

5 

6 

1.4 

1.0 

2.0 

2.0 

2.2 

4.75 

5.35 

6.24 

5.70 

47.500 

107.000 
124,800 

125.000 

114 X 


1.0 

6.83 

68,300 

63 

1 

2 

3 

4 

5 

6 

7 

0.8 

6.58 

52,600 


1 

2 

3 

4 

5 

6 

7 

1.0 

1.4 

1.4 

1.4 

0.8 

0.8 

0.8 

6.19 

6.56 

6.77 

6.50 

6.47 

6.59 

5.83 

61,900 

91.800 

94.800 
91,000 

51.800 

52.700 

46.700 


0.6 

2.6 

2.2 

2.4 

2.4 

2.0 

1.8 

6.72 

6.40 

7.21 

6.80 

6.60 

7.05 

175.000 

141.000 

173.000 

163.000 

132.000 

127.000 






131 X 

1 

2 

4 

0.4 

0.2 

1.0 

2.4 

6.08 

5.21 

5.60 

5.44 

24,300 

10,400 

56,000 

131,000 







5 

6 

7 

8 

2.0 

2.4 

1.0 

1.4 

6.56 

7.74 

7.68 

157.000 
77,400 

107.000 


That the reticulocytosis is both relative and ab 
solute is demonstrated by the protocols of a c 

III. . . . 

The peak of the reticulocytosis is alwap 
tained within six days after the administration o 
the liver extract, but the reticulocytosis ot 
least 2.0 per cent persists for several days, 
the values recede, in an irregular fashion to 
control level of 1.2 per cent, or less, within 


wenty-one days, in most instances, 

: is an invariable practice in this labora o > 
it the return of the reticulocyte coun o 
cent or less, before another expcrim 
ertaken. Values of 1.6 or 1.4 per ecu 
iollowed by a slight transient rise. 
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Other hand, the return of the rcticuloote count to 
at least 1.2 per cent insures a low level during a 
subsequent six day period. 

The above definition of a positive response is 
an arbitral^' one, and, to be sure, necessarily im- 
plies the distinction between a reticuloc}-te count 
of 2.0 per cent and one of 1.8 per cent. It is not 
the contention of the writer that such a distinction 
is possible. Fortunately, the necessity of making 
such a fine distinction is rarely encountered. In 
Table IV arc presented the frequency distribution 


tion of the experiment on another animal; only 
positive or negative responses, as defined above, 
are to be accepted. Doubtful responses are not 
repeatedly observed in any one animal. 

To the infrequenc}’ of reticulocyte peaks which 
fall on the border line between a positive and a 
negative response, and to the necessity of repeti- 
tion of eveiy doubtful reaction, is to be added 
another safeguard of the validitj’ of the observa- 
tion, namely, the procedure used in the quanti- 
tative assay, whereby a series of graded amounts 


TABLE iv 


Freauer.cy distribution of reticulocyte peaks 


Per cent rcticuloci'lcs 

0.6 

0.8 

I 1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

1 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4 
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3.6 

3.8 

N-o 

4,2 

5.4 i 

js.8 

6.2 

7.6 

Negative responses 

(131 expenments) 

Positive responses 

4.4 

16.6 

I",4 

24.2 

19.1 

12.2 

6.1 

2.7 

8.9 

10.4 

6.8 

10.3 

17.6 

19.7 

11.4 

S.7 

i 

1.6 

I 

1.6 

0.5 

1 

io.5 

i 

ioj 

i 

0.5 

1.0 

Doubtful responses 








m 

23.1 

10.0 

0.0 

6.3 

6.7 

6.7 

1 

6.3 

1 









1 

i 


1 

i 

1 




of the reticulocjle peaks of a large number of 
experiments. These data are derived from 354 
experiments on 115 reactive guinea pigs, follow- 
ing the administration of a large variety of mate- 
rials. The reticulocyte responses are classified as 
follows; Positive, 55 per cent, negative, 37 per 
cent, and weakly positive or doubtful, 8 per cent. 
It is evident that among the negative responses, 
the reticulocjle peak was under 1.8 per cent in 
93.9 per cent of all cases, and in 81.7 per cent of 
all instances was under 1.6 per cent. Similarly, 
of the positive responses, 88.4 per cent of all 
peaks were over 2.2 per cent, and 68.0 per cent 
were over 2.4 per cent. Thus, in approximately 
82 per cent of all responses, follocving the ad- 
ministration of a variety of materials, the border- 
line values of 1.8 to 2.2 per cent reticulocytes 
may not be expected to present themselves. The 
distribution of the peaks of the weakly positive or 
doubtful responses are illustrative of this inter- 
pretation. Thus, inasmuch as the siunmit of the 
distribution curve is found at a reticulocyte count 
of 2.0 per cent, with a steep downward slope, it 
seems fair to conclude that these values of 2.0 
and 2.2 per cent reticulocytes, observed on only 
one day of the six day period, are an expression 
of the unavoidable error inherent in the method 
of estimation of the reticulocytes. For this rea- 
son, every doubtful result necessitates the repeti- 


of material is administered to a moderately large 
number of animals. This procedure will be de- 
scribed below. 

The reticulocyte response of the reactive guinea 
pig appears to be an all-or-none reaction. There 
is no relation between the amount of liver admin- 
istered, above a minimal effective dose, and the 
height of the subsequent reticulocyte peak (Fig. 
1). Regardless of the dosage, 97 per cent of all 
reticulocyte peaks of positive responses are dis- 
tributed between 2.0 per cent and 4.0 per cent 
reticulocytes, inclusive (Table IV) . On the other 
hand, the data of Figure 2 suggest a slight tend- 
ency of the reticulocyte peak to appear earlier in 
the six day period, with increasing amounts of 
liver material administered. 

There is no correlation between the height of 
the reticulocyte peak and the initial enrthrocyte 
count of the animal. 

The reticmlocyiiosis that the oral administration 
of liver extract induces differs qualitatively in no 
way from that following the intraperitoneal ad- 
ministration. 

As far as the present data indicate, the reactive 
state is maintained indefinitely. The animal which 
has been in this laboratoiy the longest period has 
exhibited a total of 18 positive responses during 
the past 21 months. Another animal, during the 
16 months preceding death, reacted positiveh’ 14 
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FRLSH LIVERI1GM.PER K& GUMA PIG 


Fig, I. The Relation Between the Dosage of Liver Extract and the Magnitude of the 

Reticulocyte Response 



FRESH LIVERKGM PER KG. GUINEA PIG 

Fig. 2 . The Relj\tion Between the Dosage of Lu’er Extract and the Time of the 

Reticulocyte Response 


times. On retesting 15 reactive guinea pigs, all 
of which had exhibited reactivity on at least 4 
occasions over a period of 4 months or longer, 14 
positive responses were observed. One guinea 


pig, which reacted negatively, shoived 6 sub. cq 
positive responses during the following 3 _ 

The erythrocyte rcspo»sc. The ''r..- 

sponses to the administration of sc\cra u’ 
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terials, to five reactive guinea pigs, and of several 
active materials, in various amounts to nine ani- 
mals, are depicted in Table III. The averages of 
all counts in each group arc as follows : 



Krylhrocytes 


Negatn-e 

Positive 


response 

response 


rrMlion 

rtUlion 


per cv. nrn. 

per eu. rirt. 

Day of injection 

Day after injection 

6.24 

5.64 

1 

6.07 

5.52 

2 

626 

5.77 

3 


5.53 

4 

6.14 

5.56 

5 

6.07 

5.87 

6 


6.10 

7 


6.81 


The only inference from these scant}* data that 
can be drawn is that the eiythrocytes of the posi- 
tively reacting animals tend to rise slightly, after 
the fourth day following the administration of 
liver material. A more complete investigation of 
these changes is under way. 

The quantitative assay of the hematopoietic ac- 
tivity of liver extracts 

Minimal effective dose or standardisation curve. 
The quantitative application of the induced reticu- 
locytosis involves the definition of the unit of 
hematopoietic activity. This unit might be ar- 
rived at by one of two different procedures. If 
the assumption is made that all unselected guinea 
pigs are of an approximately equal degree of sensi- 
tivit}*, and that each individual animal may ex- 
hibit, in successive tests marked variation in de- 
gree of sensitivity, it should be necessar}* to follow 
the procedure described by Gaddum (10) and ap- 
plied to the assay of oestrin by several workers 
(4, 21) . This method consists of the construction 
of a curve which depicts the percentage of positive 
reactions among a large number of animals as a 
function of several different doses of oestrin ; the 
amount of oestrin which induces oestrus in 50 per 
cent of the animals is termed the unit. In a sim- 
ilar fashion, a material of unknown potency is 
administered to a large number of animals, and 
b}* reference to the standardization curve the 
number of units in the material is ascertained. 

Table II contains data bearing on this question. 
Of the twent}--five imselected, newly acquired 
guinea pigs initially injected vrith material derived 
from 43 mgm. of liver, 36 per cent exhibited a 


positive response; while after the second admin- 
istration of the same amount, this proportion rose 
to 6S per cent ; and a third test, with one-tenth of 
the previous dosage, yielded 92 per cent of posi- 
tives. But if the concept of a standardization 
cur\*e be applicable, one would expect that the per- 
centage of positive responses in the second test 
would be approximately equal to that in the first 
test; and that the proportion of positive responses 
in the third test would drop considerably. On the 
other hand, a similar increase in the percentage of 
positive responses during the second testing oc- 
curred in one group of unselected animals injected 
on each occasion with liver e.xtract from 4.3 mgm. 
of liver. These observ'ations demonstrate that all 
unselected guinea pigs, at the time of the initial 
test, are not equally sensitive; while a large 
amount of data have demonstrated that guinea 
pigs which have reacted positively to the initial 
test maintain, indefinitely, an approximately equal 
degree of sensitivit}*. 

The hypothesis that a majority of reactive 
guinea pigs respond to the administration of a 
minimal effective dose of liver material in a con- 
sistent fashion has been rendered valid by the re- 
sults of over one thousand experiments on several 
hundred animals, with a large variety of liver ex- 
tracts. This method of assay will be described 
below. 

The definition of the unit of hematopoietic ac- 
tivity. In Table V are presented the protocols 
of the assay on guinea pigs of a therapeutically 
potent, commercial liver extract. The potenm* of 
this lot of extract was ascertained on two patients 
suffering from pernicious anemia. In each case 
the resultant hematopoietic response was indicative 
of a high degree of therapeutic effectivity (Table 
VIII, second periods of Patients 5 and 6). In 
Table V it is seen that decreasing doses of this ex- 
tract were administered, on one occasion only, to 
groups of two or three reactive guinea pigs. All 
the animals injected with amounts exceeding 0.54 
mgm. (of fresh liver, per kilogram of guinea pig) 
reacted positively ; one of three animals was posi- 
tive to 0.54 mgm. ; while smaller doses were inert. 
These data illustrate the method used in this lab- 
oratory* for the assay of a liver extract. All 
weakly* positive or doubtful responses, as described 
above, call for the repetition of the same dose in 
another animal; and a majority of three definitive 
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tration of extrinsic factor alone is devoid of ef- 
fect; and, in both, the administration of intrinsic 
factor that has been inactivated by heat is also 
without effect. 

It seems to the writer that the results of the 
foregoing experiments furnish more evidence for 
the view that the reactive guinea pig responds 
with a reticulocytosis to the same materials that 
are effective in pernicious anemia. 

A comparison of the guinea pig assay, and of the 
therapeutic potency, of liver extracts 

In Table VIII are presented the data of the 
assays, on guinea pig and on patient, of seven 
different, experimentally produced, partially puri- 
fied liver extracts. These materials were admin- 
istered by intramuscular injection to previously 
untreated patients suffering from classical perni- 
cious anemia. In most cases the material from not 
more than 100 grams of fresh liver was admin- 
istered, but in an amount sufficiently large to 
possibly induce a maximal hematopoietic effect. 

It has already been demonstrated (Table V) 
that one particular commercial liver extract, 
which was therapeutically potent, exhibited on 
guinea pig assay an activity of 164,000 G.P.U. 
per 100 grams of fresh liver. Assays of nine 
different lots of commercial liver extracts yielded 
values ranging from 140,000 to 305,000 G.P.U., 
per. 100 grams of fresh liver. It is not the writ- 
er’s intention to discuss, at this time, the possible 
significance of the variations in the degree of 
activity which these different extracts exhibit, 
but only to point out that 7 of these 9 extracts 
assayed between 164,000 and 210,000 G.P.U. 

The foregoing data bear on the interpretation 
of the assays of extracts number 114 and num- 
ber 118 (Table VIII). ^ Both extracts yielded 
the same guinea pig value of 47,000 G.P.U., that 
is, the amount of activity that might be derived 
from 25 to 35 grams of fresh liver. The very 
similar results yielded by both patients, to whom 
this extract was administered, clearly indicate 
that a markedly sub-maximal effect was induced. 
As far as the author is aware, the only observa- 
tions of the hematopoietic effects in pernicious 

•* The author is indebted to Dr. Randolph West for the 
material and the clinical data of extracts number 232, 233, 
234, and 2S2; and to Dr. William B. Castle for the ma- 
terial and clinical data of extract B. 
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anemia of the parenteral administration of small 
amounts of liver are those of Strauss and Castle 
(31) . The erj-throGj-te and reticulocj-tc responses 
whicli these authors obser\’ed subsequent to the 
administration of liver extract derived from 20 
to 30 grams of fresh liver exhibit variations in 
a range into which fall the responses induced by 
extracts number 114 and number IIS. 

It is the author’s conviction, based on an ade- 
quate experience in the attempt to assay liver ex- 
tracts on patients, that a closer correlation of the 
guinea pig and of the human potency of extracts 
number 114 and number IIS cannot be expected. 

The assays of the remaining e.xtracts jneld cor- 
responding actirities on the guinea pig and on the 
patient. 

DISCUSSION 

The foregoing data describe the phenomenon of 
the induced reticulncj-tosis exhibited by the re- 
active guinea pig, and demonstrate the application 
of this phenomenon to the quantitative determina- 
tion of the therapeutic acti%*ity of liver prepara- 
tions. The factors which condition the procedure 
include (1) a particular and fixed diet and en- 
^^^onment of the guinea pigs; (2) the attainment 
by the observer of a high degree of accuracy in 
the estimation of the reticulocytes; (3) the re- 
jection of guinea pigs the reticulocyte counts of 
which fluctuate, during a preliminary control 
period; and (4) the use, in tests of guinea pigs 
for reactivity, of liver extract of a high degree of 
therapeutic potency. 

As far as the author is aware, the guinea pigs 
which are found to be reactive do not suffer from 
any disease acquired prior to the initial test, or 
from a pathological state induced by the dietary 
and enrironmental conditions trader which the 
animals are maintained in this laboratory. The 
eiy'throc 3 l:es of the reactive guinea pigs do not 
show any resemblance to those obseiwed in perni- 
cious anemia, nor are the animals anemic. On the 
other hand, there are two facts which bear on this 
question. In the first place, both reactive and 
initially non-reactive guinea pigs possess a femoral 
bone marrow which is exceedingly rich in primi- 
tive elements of both the white and red blood cell 
series. The large number of megaloblasts, in 
proportion to the number of normoblasts, simulate 


the classical picture of the bone marrow findings 
in pernicious anemia. 

In the second place, it has been demonstrated 
that the reactive guinea pig forms reticuloeyto- 
genic material from a source of extrinsic factor 
only in the presence of active intrinsic factor, a 
phenomenon which, as far as the writer, is aware, 
has been observed only in pernicious anemia. 

The facts known at present concerning the 
guinea pig phenomenon do not permit any further 
speculation on a possible deficiency state simulat- 
ing that considered to exist in pernicious anemia. 

Regardless, however, of the obscuritj- of the 
basis of the phenomenon, the data presented in 
this study burnish evidence for the conclusion that 
the guinea pig test is a valid indicator of the 
therapeutic efficacy of materials which are effec- 
tive in pernicious anemia. 

SUMMARY 

From thirty to seventy per cent of guinea pigs, 
maintained on a diet of oats, carrots, and lettuce, 
exhibit a significant rise in the number of reticu- 
loiytes following the administration to them of 
therapeutically active liver material. For every 
active material there exists a minimal effective 
dose, which is termed the Guinea Pig Unit of 
hematopoietic activity, and which is a quantita- 
tive expression of a degree of activity. Evidence 
of an indirect nature is presented that the capacity 
to induce the reticulocytosis is confined to ma- 
terials which are effective in pernicious anemia, 
and that the guinea pig test is a valid indicator 
of the therapeutic potency of liver preparations. 

The author is indebted to Dr. William B. Castle 
of the Boston City Hospital, Boston, and to Dr. 
Randolph West of the Presbyterian Hospital, 
New York City, for their many helpful sugges- 
tions during the progress of this study and for 
their criticism of the manuscript. The author is 
also indebted to Dr. Guy W. Qark of the Lederle 
Laboratories, Inc., for furnishing generous sup- 
plies of liver extracts. 
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ACTIVITY OF HUMAN LIVERS, NORMAL AND 
PERNICIOUS ANEMIA."' = 

Bv BERNARD M. JACOBSON 

(From the Medical Clinic, Massachusetts General Hospital, and the Department of Medicine 
and Biochemical Laboratory of the Hanvrd Medical School, Boston) 

(Received for publication May IS, 1935) 


In the foregoing communication (1), it was 
pointed out that the indirect evidence for the 
validity of the assay on guinea pigs of liver ex- 
tracts of their, therapeutic potency in pernicious 
anemia must rest upon a more crucial experi- 
mental basis than upon the fact that a moderately 
large number of various therapeutically inert ma- 
terials are likewise inert in the guinea pig. As 
long as the material in liver, which exerts the 
therapeutic effect, remains unavailable in pure 
form for, testing in the guinea pig, a different type 
of experiment must be resorted to. Such an ex- 
periment is suggested by the observations of 
Richter, I-v)-, and Kim (2) ; of Goldhammer, 
Isaacs, and Sturgis (3), and of Wilkinson and 
lUein (4). The results of all of these observa- 
tions are identical, and may be summarized as 
follows: (1) the extract of the liver of a patient 
dying of disease other than pernicious anemia is 
therapeutically effective in pernicious anemia; (2) 
the extract of the liver of a patient treated for 
pernicious anemia, but dying, while in partial re- 
mission, of other disease, is almost as effective as 
the normal liver in the treatment of pernicious 
anemia; (3) the extract of the liver of a patient 
dying in relapse of pernicious anemia is totally 
inert in the treatment of this disease. 

METHODS 

The livers of fom- patients were obtained, and were 
treated in an identical fashion. Each liver was finely 
ground, thoroughly mixed with an equal weight of 95 
per cent alcohol, and dried on the steam bath about 20 
hours. The resultant dry liver was reduced to a fine 

^ This study was made possible by assistance from the 
William W. Wellington Research Fund and the DeLamar 
Mobile Research Fund of Harvard Medical School and 
by Therapeutic Research Grants Numbers 206 and 244 
of the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association. 

- Presented in abstract before the .American Society 
for Clinical Investigation, April 30, 1934. 


powder. In order to secure an extract of the tissue which 
would contain practically all of the nonprotein nitrogenous 
substances, a crude extract was made by the Schenk 
method. To the powdered liver derived from 100 grams 
of fresh liver were added 100 cc. of normal hydrochloric 
acid and 100 cc. of a saturated solution of merciufc 
chloride. The extraction took place overnight in the 
refrigerator, the precipitated protein was then filtered 
off, and the filtrate decomposed by hydrogen sulfide. 
The total nitrogen content of the several Schenk filtrates 
varied from 400 to 450 mgm. per 100 grams of fresh 
liver. 

Pathologic material 

Patient Ntnnber 1. Age 62. Diagnoses; Arterio- 
sclerotic heart disease, cerebral arteriosclerosis, obstruct- 
ing prostate, acute urinary retention. The Ifver was ob- 
tained 24 hours postmortem, and weighed 1520 grams. 

Patient Number 2. Age 76. Diagnoses: Pernicious 
anemia, Ijmphosarcoma, bilateral hydrothorax, general- 
ized arteriosclerosis. The liver was obtained 36 hours 
postmortem, and weighed 1470 grams. 

The patient first entered the hospital thirteen months 
before death complaining of weakness and of generalized 
glandular enlargement. A biopsy of a lymph node re- 
vealed the presence of lymphosarcoma. He was dis- 
charged following satisfactory treatment with deep roent- 
gen radiation. Seven months before death, he re-entered 
the hospital complaining of recurrent attacks of sore 
tongue, gastro-intestinal disturbances, weakness, and 
paresthesias of the extremities. The physical examina- 
tion revealed a lemon-yellow color of the skin and sclerae, 
Hunterian glossitis, generalized glandular enlargement, 
and impaired vibration sense in the lower extremities. 
The blood smear was typical of pemidous anemia; red 
blood cells 1,360,000, oxygen capadty 8.19 volumes per 
cent, cell volume 19.1 per cent, volume index 1.63, color 
index lj6. Achlorhydria after histamine. After the in- 
tramuscular administration of liver extract derived from 
100 grams of fresh liver, the reticulocytes rose to 32 per 
cent on the sixth day, and the erythrocjtes rose from 

1.290.000 to 2,070,000 on the twelfth day. After continued 
liver therapy during the following three months, the 
erythrocytes rose to 4,670,000, and the oxygen capadty to 
I5d volumes per cent. One month before death the pa- 
tient re-entered the hospital because of recurrent glandular 
enlargement. Red blood cells 3,270,000 at time of entry, 

3.350.000 five days before death. During this period, the 
patient recewed, at intervals of three to five days, a total 
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of nine intramuscular injections, each of liver extract 
derived from 100 grams of liver. 

Patient Number 3. Age 76. Diagnoses : Pernicious 
anemia, pulmonary edema, acute cardiac failure, coronary 
sclerosis. 

The liver was obtained 22 hours postmortem, and 
weighed 1530 grams. 

The day before death the erythrocytes were 1,000,000, 
oxygen capacity 5.25 volumes per cent. The patient re- 
ceived, intramuscularly, liver extract derived from 200 
grams of liver three and one-half hours before death. 

Patient Number 4. Age 66. Diagnoses : Pernicious 
anemia, arteriosclerotic heart disease, congestive heart 
failure, auricular fibrillation, bronchopneumonia. The 
liver was obtained 10 hours postmortem, and weighed 
1460 grams. 

Two days before death the erythrocytes numbered 800,- 
000, oxygen capacity 5.05 volumes per cent. During the 
36 hours preceding death, the patient received by the 
intramuscular route, liver extract derived from 180 grams 
of liver; and the day before death a transfusion of 700 
cc. of citrated blood. 

The above four liver extracts were assayed in 
guinea pigs by the method described in the pre- 
ceding communication ( 1 ) , The protocols of 
these assays are presented in the accompanying 
table. It is evident that the livers of the patients 


dying of pernicious anemia contain only a negligi- 
ble amount of reticulocytogenic material and that 
the liver of the patient dying in partial remission 
of pernicious anemia contains an appreciable quan- 
tity of such material, but far less than is contained 
in the non-pernicious anemia liver. These results 
are in harmony with the assays of similar livers 
on patients suffering from pernicious anemia 
(vide supra). 

SUMMARY 

Indirect evidence for the validity of the guinea 
pig method of assay of the therapeutic potency of 
liver extracts in pernicious anemia is furnished by 
the fact that crude extracts of human livers, 
when assayed in guinea pigs, yielded the follow- 
ing number of guinea pig units, per 100 grams 
of fresh liver: pernicious anemia in relapse, 650 
and 348, respectively; pernicious anemia in par- 
tial remission, 47,000; non-pernicious anemia, 
127,000. 
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TABLE I 

Ajsoyj of human livers 


Patient number 1. Control subject 


Amount of fresh liver from 
which extract derived, 

mEtn. per kilo pig 1.08 

Response -i- + + 


0.86 
-h + + 


0.79 


0.72 
± 


0.61 

±-- 


0.54 


0.48 


Assay: 100,000 mgm./0.79 mgm. 

G. P. U. per 100 grams 


o 127,000 
fresh liver 


Patient number 2. Pernicious anemia in remission 


Amount of fresh liver from 
which extract derived, 

niEtn. per kilo pig 

Response 

2.15 

1.72 
+ dh — 

1 

1.44 

Patiei 

1.08 

It numbf 


micious 

anemia 1 

in relapsi 

47 OOO 

Assay: 

e , 

Amount of fresh liver from 
which extract derived, 

mtm. per kilo pig 

Response 

430 
+ + + 

215 
+ + + 

154 

-f'-p-l- 

1 

CO , 

o I 

86 

43 

21.5 

15.4 

Assay: 

Patient number 4. Pernicious anemia in relapse — — 

Amount of fresh liver from 1 
which extract derived, 

nrwt. per kilo pig 

Response 

j 

430 

287 
+ + ± 

251 

215 

172 

43 

22 

1 

„ „ jtt 0- 

\3’oy: 100.000 mgm./287 mgra. 

P. U. per 100 graais lf” ‘ 
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Special significance has been ascribed recently 
to heterophile antibody in relation to pneumococ- 
cus infections. It has been suggested that the 
triable amounts of heterophile antibody in human 
sera may have some relationship to lobar pneu- 
monia in man. The purpose of this communica- 
tion is to record the results of tests for sheep cell 
hemolysin in the sera of patients with pneumococ- 
cus lobar pneumonia and to correlate these results 
with the course of the disease. The results of 
similar tests in normal human subjects and in 
subjects receiving injections of various pneumo- 
coccus antigens are included for comparison. It 
was hoped to shed some light on the relationship, 
if an)’, of heterophile antibody to the course of 
lobar pneumonia in man. 

Bailey and Shorb (1, 2, 3,) showed that rabbits 
injected with a large number of cultures of pneu- 
mococci of different types develop a potent anti- 
sheep hemolysin in their sera. This antibody 
could be removed from these sera by absorption 
with homologous or heterologous boiled pneumo- 
cocci or with boiled sheep red blood corpuscles. 
All the strains of the different types of pneumo- 
cocci which they tested, with the exception of some 
T)'pe III strains, possessed this property of com- 
bining with the heterophile antibodies from anti- 
sera for homologous and heterologous pneumo- 
cocci and other heterophile antigens. Rabbits 
immunized with sheep red blood corpuscles were 
shown to be relatively resistant to intravenous 
infection with Type I pneumocoed. In experi- 
ments with the dermal pneumococcus infection of 
Goodner in rabbits (4), Powell, Jamieson, Bailey 
and Hyde (5) found that the usual mouse pro- 
tective antibody is very much more effective 


^ This study was aided, in part, by a grant given in 
honor of Francis Weld Peabody by the Ella Sachs Plotz 
Foundation, and, in part, by a grant from the Influenza 
Commission of the Metropolitan Life Insimance Com- 
pany. 


therapeutically when fortified with heterophile 
antibody. This was particularly true when the 
heterophile antibody was indted by injections of 
pneumocoed in rabbits. For example, they ob- 
tained equal curative effects in T)'pe I infections 
in rabbits with the following: (1) 500 mouse pro- 
tective units of Felton’s antipneumococcus horse 
serum, (2) less than 5 mouse protective units and 
500 heterophile units in rabbits’ antipneumococcus 
serum, and (3) a pooled serum containing 100 
mouse protective units of Type I antibody from 
horse serum and 500 heterophile units of rabbit 
antisheep hemolysin. 

It was argued by these investigators that since 
pneumococci have a marked affinity for heterophile 
antibodies, and sensitization of pneumocoed 
with this antibody, either in vivo or in vitro, in- 
fluences the course of infection of rabbits with 
these organisms, it would seem reasonable to sup- 
pose that the variable amounts of heterophile 
hemolysin in hmnan sera influence the course of 
lobar pneumonia in man. The larger the amount 
of such antibody present, the greater should be 
the resistance to primary invasion and growth in 
the tissues of the hosL 

In their earlier .work, Bailey and Shorb (1) 
reported the finding of a definite increase in sheep- 
cdl hemolysin in the sera of cases of lobar pneu- 
monia which recovered. They considered this to 
be a spedfic reaction to pneumococcus infection. 
Although these latter findings are considered 
highly significant and are frequently referred to, 
the data in only one case are mentioned as an 
example. In this “one case infected with an 
organism reported as a Tj’pe IV pneumococcus, 
the titer of the serum on the fifth day of the 
disease was 16 units per cc. and at the end of the 
twelfth day (sixth afebrile) the serum contained 
1(X) units of anti-sheep hemolysin per cc.” Data 
on the titer of sheep cell hemolysin in the sera of 
a considerable number of patients with lobar 
pneumonia are not available in the literature. 
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METHOD AND MATERIALS 

Titrations of sheep cell hemolysin were carried out as 
follows : serum was incubated in a water bath at 56° C. 
for 20 minutes; to 1 cc. of serum dilutions 1:10, 1:20 
etc. to 1 : 5120 was added 1 cc. of a mixture of equal 
parts of a 2.5 per cent suspension of washed sheep cells 
and a 1 : 10 dilution of fresh guinea pig serum ; the mix- 
ture was incubated at 37.5° C. for 1 hour and read di- 
rectly. The titer of hemolysin was read as the greatest 
dilution of serum showing almost complete (more than 
50 per cent) hemolysis. Many sera were tested simul- 
taneously, known hemolytic and non-hemolytic sera being 
included each time. While the true " heterophile ” char- 
acter of the antibody thus measured has not been proven 
here, it may be considered as such for practical purposes. 
Furthermore, the results are considered only for purposes 
of comparison and not for their absolute values. All the 
sera of pneumococcus pneumonia patients were tested for 
agglutinins for the homologous type of pneumococcus 
and for several or all of the other 31 Cooper types (6). 

Subjects. Sera were obtained during the acute disease 
and during convalescence from patients over 16 years of 

TABLE 1 

Sources of sera tested 


Pneumococcus Number of Number of 

Type patients sera 


Pneumonia patients 

1 42 79 

ir 4 7 

III 13 21 

IV 8 14 

V 3 5 

VI 2 3 

VII 5 12 

VIII 14 36 

IX 2 2 

X 1 1 

XI 1 1 

XII 3 6 

XIV 5 10 

XVIII 1 1 

XIX 4 9 

XX 3 7 

XXI 5 6 

XXIV 1 1 

XXIX 1 2 

XXXI 1 2 

XXXII 1 2 

All types 120 227 


Fatal cases (average age 42.2 years) 26 38 

Recovered cases (average age 36.9 years): 

Tested in febrile period only 9 9 

Tested only in postfebrile ;^riod 44 58 

Tested before and after crisis 41 122 

120 227 


Non-pneumonic individuals 

Controls (average age 30.4 years) 276 276 

Normal subjects after immunization 122 168 


Total number of sera tested 


age, who had definite clinical and roentgenographic evi- 
dences of lobar pneumonia and from whom pneumococci 
were isolated and typed. A total of 227 sera from 120 
patients were tested. These included 51 sera from 24 
patients treated with concentrated antibody from anti- 
pneumococcus horse serum. The distribution of the 
cases and sera in relation to pneumococcus types and to 
the outcome of the disease is shown in Table I. 

For controls, 276 sera from as many normal adults 
were tested. These sera were obtained from individuals 
who later received injections of various pneumococcus 
antigens. A second group of 168 sera was obtained from 
122 of the latter individuals at intervals after immuniza- 
tion. All of these sera were tested and found to have 
pneumococcus mouse protective antibody. They were 
also tested for hemolysin content and the results included 
for comparison. 

ANALYSIS OF RESULTS 

Comparison of hemolytic titers in pneinnouia 
patients and in controls. The frequency with 
which various titers of sheep cell hemolysin were 
encountered in the pneumonia patients, in the 
immunized individuals and in the normal controls 
is shown in Table II. The percentage incidence 

TABLE II 


Comparison of titers of sheep cell hemolysin in pneumonia 
patients, in immunized individuals and 
in normal controls 


Titer of 
sheep cell 
hemolysin 
(serum dilution) 

Patientswith 

pneumococcic 

pneumonia 

Individuals 

immunired 

with 

pneumococcic 

antigens 

Normal 

controls 

Num- 
ber of 
sera 

Per 

cent 

Num- 
ber of 
sera 

Per 

cent 

Num- 
ber of 
sera 

Per 

cent 

12.3 

10.9 

17.7 

25.3 

17.7 
5.4 

1.9 
0.4 

Of 

1 : 10 

1 : 20 

1 .-40 

1 : 80 

1 : 160 

1 : 320 

1 : 640 

1 : 1280 

18“* 

14= 

11= 

53= 

67° 

33* 

20= 

7= 

4=t 

7.9 

6.3 

4.8 
23.3 

29.5 

14.6 

8.8 
3.1 
1.8 

8 

24 

24 

33 

42 

29 

6 

2 

0 

4.8 

14.3 

14.3 

19.6 
25.0 

17.3 

3.6 
1.2 

0 

23 

34 

30 

49 

70 

49 

15 

5 

1 

Number of sera 

227=® 

168 

_ 

276 



* Raised numerals represent numbers of sera obtained 


after horse serum administration, 
t No hemolysis in 1:10 dilution. 
t Including 1 serum with titer 1 : 5120. 

of the various hemolytic titers among the -C 
pneumonia patients is essentially , j., 

found among the normal controls. 
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TABLE in 


Distribulioti of liters of sheef cell heiiwlysiit iti the sera 
of {\iliaits -fith fncumococcic f^teumonia 






Recovered cases 



Tiler of 
hemolysin 
(seruin 
dilution) 

Fatal cases 

Febrile 

period 

Postfebrile 

period 

Postfebrile 
(^cludinis 
serum reci- 
pients) 


Xum- 
ber of 
sera 

Per 

cent 

Num- 
ber of 
sera 

Per 

cent 

Num- 
ber of 
sera 

Per 

cent 

Num- 
ber of 
sera 

Per 

cent 

ot 

6 

15.3 

7 

9.9 

5 

4.2 

3 

3.2 

1 : 10 

4 

10.5 

4t 

5.6 

6 

5.1 

5 

5.4 

1 :20 

2 

5.3 

2 

2.8 

7 

5.9 

5 

5.4 

1 :40 

14 

36.5 

18* 

25.4 

21 

17.8 

20 

21.5 

1 :80 

5 

13.2 

27 

38.0 

35 

29.7 

30 

32.3 

1 ; 160 

3 

7.9 

8 

11.3 

22 

18.6 

14 

15.1 

1 :320 

3t 

7.9 

3 

4.2 

14 

11.9 

12 

12.9 

1 :640 

0 

0 

2 

2.8 

5 

4.2 

3 

3.2 

1 : 1280 

It 

2.6 

0 

0 

3 

2.6 

1 

1.1 

Total number of 
cases 38 

71 


118 


93 



* Including 2 sera obtained after horse serum admin- 
istration. 

tNo hemolysis in 1 : 10 dilution, 
t Including 1 serum obtained after horse serum ad- 
ministration, 

ticularly true when those sera are excluded which 
were obtained after pneumococcus antibody treat- 
ment, thus excluding the possible heterogenetic 
activity of the horse serum injected (7, 8). The 
titers of the sera of the individuals immunized 


with various antigenic pneumococcus substances 
were also very similar in distribution to those of 
the controls. 

The results of the tests for sheep cell hemolysin 
in the sera of the pneumonia patients are analyzed 
in further detail in Tables III, IV and V. The 
numbers involved in these tables are too few to be 
statistically significant. There seems to be a 
slightly higher incidence of lower titers among 
the sera of the fatal cases than among those that 
recovered (Table III). Similar differences may 
be noted between the sera with and those without 
demonstrable pneumococcus agglutinins (Table 
IV) and also between the sera obtained early and 
those obtained later (Table V). These differ- 
ences are less evident if the sera obtained after 
horse serum administration are excluded. Dif- 
ferences between groups of patients, however, are 
difficult to evaluate because of the many factors 
which may come into play. The average age of 
the patients, for example, was greater among 
those who died than among those who recovered 
(cf. Table I). This may account, at least in part, 
for the seemingly lower titers among the former 
(9). A better possibility of evaluating the re- 
lationship of heterophile antibody to the course of 
pneumonia is offered by a study of the changes 
in titer of hemolysin observed in individual cases. 

Titers of sheep cell hemolysin in individual pa- 
tients and changes in these titers in the course of 


TABLE rv 


Correlation of pneumocouus agglutinin liter and titer of sheep cell hemolysin in sera of patients veith pneumococcic 

pneumonia 


Titer of homologous 
pneumococcus agglutinin 
(Serum dilution) 

Titer of sheep cell hemolysin (Senna dilution) 

Total 

number 

of 

sera 

0 

; 1 : 10 

1:20 

1 : 40 

1 ; 80 

1 : 160 

1 : 320 

I : 640 

l : 1230 i 

f Fatal ... 

6 

3 

2 

11 

5 

3 

1 

0 

1 

32 

0 t Febrile, lived ... 

4 

2 

2 

7 

21 

i 7 

2 

2 

0 

47 

1 Postfebrile 

1 

4 

3 

6 

8 

6 


0 

1 

29 

1:2 

0 

0 

0 

3 

2 

0 

2 

0 

2t 

9 

1:4 

4 


1 

7* 

9 

8 

6 


0 

38 

1:8 

2 


2 

8* 

KTiB 

3 

3* 


0 

30 

1 : 16 

0 

WM 

0 


7 

3 

4 

0 

0 

20 

1 :32 

1 

■9 

1 


3 

3 

1* 


0 

16 

1 : 64 ' 

0 

0 

0 


2 

0 

1 


0 

6 

0 

11 

9 1 

7 

24 

34 

16 

3 

2 

2 

108t 

1 : 2 to 1 : 64 

7 

5 1 

4 ' 

29 

33 

17 

17 

5 

2 

119§ 

All sera 

18 

14 

11 

53 1 

67 

33 

20 

7 

4 

227 


Induding 1 serum from a fatal case. 
T Induding 1 with titer 1 : 5120. 
t Average titer = 1 : 104. 

§ .Average titer = 1 : 182. 
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TABLE V 

Correlation of stage of the pneumonia and liter of sheep-cell hemolysin 


Days after 
onset of 
pneumonia 

‘ Titer of sheep-cell hemolysin (serum dilution) 

Total 
number 
oE sera 
tested 

0 

1 : 10 

1 : 20 

1:40 1 

1:80 

X : 160 

1:320 j 

I ; 640 

1 : 1280 

1-3 

4(2)* * * § 

2(2) 

1 

4(1) 

9(1) ! 

4(1) ! 

2(1) 1 

0 ! 

0 

26 

4-6 

4 

5(1) 

2 

11(6) 


5(2) 1 

2 i 

2 I 

0 

49 

7-9 

4(2) 

1(1) 

3(1) 

14(2) 

inn 

6 ! 

1 

0 

0 

40 

10-12 

5(2) 

1 

1 

7 

12(1) i 

5 

4 i 

1 i 

2 

38 

13-15 

0 

4 

0 

6 

8(1) ! 

5 ! 

1 

2 1 

0 1 

26 

16-18 : 

0 

1 

1 

5(1) 

2 ! 

2 ! 

5(1) 

0 1 

0 i 

16 

19-21 

1 1 

0 , 

2(1) 

1 

0 1 

3 1 

2 1 

0 ! 

0 . 

9 

22-b 

0 I 

0 i 

1 

5(4) 

7 ! 

3 i 

. i 

3(1) 1 

2 

2t(l) 

23 

All sera i 


■flMjl 

11(2) 

53(14) 

67(5) 

33(3) 

20(3) 

7 

4(1) 


1-9 



6* 

292 

38^ 

15t 

5 

2 

0 


10 or more 


6t 

5 

24® 

29® 

18< 

15® 

52 

43 f 



* Parentheses enclose numbers of sera from fatal cases which are included, 
t Includes 1 with titer of 1 : 5120. 

t Superscripts represent sera obtained after specific serum treatment, 

§ Average titer is 1 : 85; excluding those obtained after serum therapy = 1 : 90. 
)) Average titer 1 ; 208; excluding those obtained after serum therapy = 1 ; 136. 


pneumonia. In the preceding sections, the sera 
of pneumonia patients have been considered as a 
group without reference to the henjolytic titers 
of individual patients and to changes in these 
titers observed in successive sera obtained from 
the same individual. In Table VI are indicated 
the numbers of patients in whom the higher and 
the lower titers of hemolysin were encountered 
at any time. Here again, the numbers are too 


few to be statistically significant. It is wortli 
noting, however, that both the high and the low 
titers were frequent in each of the groups of pa- 
tients. An appreciable number of the recovered 
patients had received injections of horse serum, 
thus accounting for the predominance of high 
titers among these patients. 

It is of interest to note that 5 of the 7 fatal 
cases with sera which hemolyzed sheep’s red 


TABLE VI 

Occurrence of high and low hemolytic titers and of changes in these liters among patients with pnenmococcic pneumoma 





Recovered cases 



Fatal 

cases 

Tested 
only in 
febrile 
period 

Tested 

only 

during 

cons'a- 

icsccnce 

Tested in 
febrile and 

in post' 
febrile 

period 

Number of patients 


26 

9 

44 


Patients whose serum, at any time, had , . . 90 nr Imver <! 

sheep-cell hemolysin in titers of: 1 . zu or lower ^ 

(5) 1 : 160 or higher j 

r Number of patients 

1 Per cent 

[ Number of patients 
[ Per cent 

9 

34.6 

7 

! 26.9 

2 

22,2 

1 

Il.l 



(d) Fourfold or greater increase 

6 

' 2 

2 

1 

i — 

6 

4 

3 

: 1§ 

0 

411 

9 

11^ 

3 

(e) Fourfold or greater decrease 

1 





• In 5 of these cases the sera were obtained after serum therapy. 

t Including 9 patients with serum sickness. to original level 

t In 1 there was an increase and in another a decrease (twofold in each jnstance) before return g 

§ A scrum treated case. 

It In 2 instances there was a twofold drop in titer before the rise. . in another and tv.O' 

^ In 5 instances there was a drop in titer preceding the rise; this drop was twofold in ‘ouri i ^ sickness, 
fold in the remaining 3. In S of these 11 patients, the increase in hemolysin was associatco v.itn 
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TABLE VTI. 


Summary of obscrralions in 5 cases referred to in the text 


Name, 
sex and 
ace 

Pncnmo 

coccus 

Tj-pe 

Tcnnlnation of 
pneumonia 

Patient’s sera 

Remarks 

Mode 

.Day 

Day of 
disease 
obtained 

Homologous ti*pe 
pneumococcus 

acclutinlns 
(Titer = scrum 

1 Sheep cell 

1 hemolysin 

dilation) 

J.G. 

VIII 

Lj-sis 

11-14 

4 

0 

1 : 160 

Blood culture positive 2nd to 6th day 

o’ 




5 

0 

0 


49 >-ears 




6 

0 

1 : 10 

Irregular fever 20th to 39th day 





12 

1 :4 

1 : 80 






18 

1 :2 

1 ;80 

Subcutaneous abscess drained 





25 

1 :4 

1 :80 





1 

34 

1 ;4 

1 :80 

Well after 40th day 





39 

1 :4 

1 : 80 



i 



52 

0 

1 : 1280 


W.G. 

I 

1 Crisis 

8 

7 

0 

1 :40 

Blood culture native 

o' 




11 

0 

I : 160 


59 years 




15 

0 

1 : 160 


E.M. 

XX 

Crisis 

10 

n 

0 


Blood culture negative 

9 





1 -.16 



34 years 




■ai 

1:4 

1^1 


J.W. 

XIV 

Died 

17 

n 

0 

1 :40 

Blood cultures: 9th day positive; 17th day 

o’ 

1 




0 

1 ;320 

positive, 700 colonies per cc. 

78 years 




■■ 




J.E.S. 

II 

Crisis 

5 

4 

0 

1 :80 

Blood culture negative. Concentrated anti- 

o' 




6 

1 :8 

1 :20 

body (antipneumococcus horse serum) 100 

IS years 




15 

1:16 

1 ; 320 

cc. given on 4th and 5th day 


blood corpuscles in a dilution oi 1 : 160 or higher 
had a pneumococcus bacteremia which was dem- 
onstrated in the same blood. The serum of one 
of these patients had a hemolj-tic titer of 1 : 1280 
on the day before death. This patient had Type 
II pneumococcus pneumonia and received serum 
7 days previously or 3 days after the onset. 
Bacteremia persisted throughout this period. The 
sera of two fatal cases of pneumococcus menin- 
gitis following one month after pneumonia each 
had a hemolytic titer of 1 ; 320. The meningitis 
was preceded in one case by mastoiditis and in the 
other by empyema and recurrent bacteremia. The 
former had a Type III pneumococcus, and the 
latter had Type I and received antipneumococcus 
serum. 

Table VI also shows the number of patients in 
whom changes in hemolytic titer were found in 
successive sera. It is seen that among the fatal 
cases, the 12 in which multiple determinations 
■nere obtained showed no consistent changes in 
hemoljiic titer. In 4 cases with unchanged titers 
and in one with an eightfold increase (J. W., see 


Table VII), pneumococcus bacteremia was present 
and persisted until the time of death. The one 
patient who showed a fourfold decrease in hemo- 
IjTic titer had a negative blood culture and had 
received injections of horse serum on the day- 
before the second serum was obtained. The pa- 
tients from whom multiple sera were obtained 
only during convalescence also showed no sig- 
nificant changes in the titers of hemolysin. 

Among the 41 pneumonia patients whose sera 
were tested during both the febrile and the post- 
febrile periods, 27 or 65.9 per cent showed either 
no change or only a twofold difference after 
crisis; and decreases of this order were more 
frequent than increases. The 3 patients whose 
sera showed a fourfold decrease in titer after re- 
covery all showed agglutinins for the homologous 
type of pneumococcus in the later sera, and none 
in the earlier sera which had the higher titers of 
hemolysin. Of the 11 patients whose postfebrile 
sera showed more than a twofold increase above 
the original titer, 8 had serum sickness and 2 
others (W. G. and E. M., see Table VII) showed 
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ong the antibody treated cases, immediate 
reactions were not observed. Only one patient 
among those studied, had a chill following a sec- 
ond dose of serum (13 cc.). No reaction fol- 


a fourfold increase above the febrile level without 
having received serum. Neither of the two latter 
patients had demonstrable bacteremia, and one 

failed to exhibit agglutinins for the homologous ond dose of serum ^ xr 

Type I pneumococcus in the postfebrile serum. lowed the first dZ nf 7 Z 

a marked increase in the hemolytic action' ofTk patient's serum was 1:320 

serum is of some interest, wtrfirsf tested tt TH " ™ 

titer of his serum was 1 : 160 This • j correlation whatever between 

the next 2 days. Blood culSes teh "m^ P"— 

yielded Type VIII pneumococcus repeatedly. 

One week later, after recovery by lysis, the hemo- 

ytic titer was 1 : 80, at^ which level it remained present study was undertaken to determine 

or weeks. During this interval the patient had whether the pneumococcus, in causing pneumonia 

ow grade fever and several subcutaneous absces- man, also acts as a heterophile antigen and, if 
ses. These were drained and yielded Type VIII whether this is of significance in relation to 

pneumococci in pure culture. Two weeks after all course of the disease. The possibility that it 

signs of persistent infection had cleared, the hemo- was suggested by the heterogenetic 

lytic titer of the serum was 1 ; 1280. This is the ' 

only case in which a significant drop in titer oc- 
curred during the bacteremic period to be followed 
by a sharp rise after complete recovery. 

T of interest may be noted, 

in Table VII are noted the relevant data in 4 pa- 
tients to whom reference has been made in the 


DISCUSSION 

T he pi esent study was undertaken to determine 

.t 


CJO 

activity of various pneumococcus strains when 
they were injected into rabbits or when they pro- 
duced experimental infections in this species (1, 
2, 3, 4). The protective (1) and curative (4) 
value of heterophile antibody, when actively or 
passively induced in rabbits, also suggested that 

such antibody might have therapeutic significance 

1 ... 


in human cases of pneumonia. 

The weight of the evidence adduced from a 
study of the hemolytic action of sera of pneumonia 
patients on sheeps' red blood corpuscles indicates 
that such a heterophilic activity, if present, is low 
grade, infrequent and probably of no importance 
in relation to the course and outcome of the dis- 
ease. 1. During the febrile period in the favor- 

r • rf 


ill tUC 

preceding paragraphs. A fifth patient (J. E. S.) 
with Type II pneumonia is also included. This 
patient showed a significant decline in hemolytic 
titer following serum therapy to be followed later 
by an increase above the original level associated 
with the clinical picture of serum sickness. This 
deerpse was the largest observed after' serum 

administration. In 3^ other patients twofold de- ease. 1. During the febrile period in the favor- 
creases were note within the first day after ad- able cases of pneumonia the titers of sheep ceil 
minis ration o t le t lerapeutic sera. The average hemolysin in the serum are the same as in normal 
titer of hemolysin in the first 9 days 'of the dis- controls. 2. Moderately high titers of sheep cell 

ease w as . when horse serum had not been hemolysin are frequently encountered in the serum 

gnen and 1.45 in those sera obtained after of patients with pneumococcus bacteremia, even 
therapeutic antibody injections. After the ninth shortly before death. 3. Bacteremia may he 

day the average titer of the sera of cases treated present without altering the hemolytic titer, and 

V ith antipneurnococcus horse serum was 1 : 500 occasionally the hemohnic titer may be found to 
as compared with 1 ; 136 in those not so treated, increase in spite of an increasing bacterial inva- 

The highest titer of hemolysin noted was in a sion. 4. Low titers are encountered frequently in 
dilution of 1 . 5120 in serum obtained from a patients who recover. 5. Successive sera obtained 

negro of 17 with Type I pneumonia 3 weeks after during the febrile and postfebrile period show that 

he had had symptoms of serum sickness. The the titers of hemolysin may drop just as fre- 

hemolytic titer during his serum sickness was quently and to the same degree as they may ri-e 

1 : 1280. in the course of convalescence from pneumoma. 

Although mild serum sickness was frequent 6. Significant increases in hemolytic liter arc cn- 
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countered onlj' rarely, except following the ad- 
ministration of antipneumococcus horse serum. 

On the other hand, the slightly higher incidence 
of lower titers among the sera of fatal cases and 
the somewhat greater frequency of higher titers 
during convalescence might possibly be considered 
to result from the heterogenetic action of pneu- 
mococci. The lower titers in the fatal cases might 
be the result of partial absorption of the “ nat- 
ural ” heterophile antibody by the heterophile 
component of the pneumococcus antigen, and the 
higher titers would then result from the produc- 
tion of antibody by this antigen. This possibility 
is not borne out by the consideration of the titers 
of hemolysin in the sera of individual patients 
and by the changes noted when successive sera 
from the same piatient are tested. 

The results of the tests for hemolysin in im- 
munized individuals are also of interest. The 
antigens used exhibited considerable spedes ac- 
tirity as indicated by the demonstration, in the re- 
cipients, of antibodies for types of pneumococd 
other than those from which they were prepared 
(13). The hemolysin titers in the sera of indi- 
viduals immunized with these antigens were the 
same as in the normal controls. The heterophile 
component of the pneumococcus which is active in 
animals is also species specific, but since its exact 
composition is not known, beyond its assodation 
with the lipoid fraction, the bearing of the present 
findings on this phase of the problem can not be 
evaluated. 

These observations are not entirely incompatible 
with the results of the rabbit experiments previ- 
ously mentioned. The optimal heterogenetic ac- 
tivity of pneumococd was obtained after vigorous 
treatment of the organisms, for example by boil- 
ing, before they were given to the animals. 
Furthermore, the strain which exhibited the great- 
est heterogenetic activity was a completely avir- 
ulent one originally derived from a Tjqie I pneu- 
mococcus. Another very active Type I strain was 
relatively avirulent as indicated by the marked 
increase in the fatality rate among rabbits with 
dermal pneumonia produced by this organism 
after 2 and espedally after 33 rabbit passages. 
When this latter strain was used to infect rabbits 
after 33 rabbit passages, no protection was af- 
forded b}’ heterophile antibody actively or pas- 


sively induced in the animals. It is possible, 
therefore, that the heterogenetic property of pneu- 
mococci is related to changes which occur during 
cultivation and in the methods of treating the or- 
ganisms, and has no particular bearing in relation 
to actual infection. In such infections as pneu- 
monia which are assodated with highly t}*pe spe- 
cific and usually virulent strains, the heterogenetic 
properties of pneumococci probably have no sig- 
nificance. 

In contrast to the unconvincing evidence pre- 
sented by these findings, it is of interest to con- 
sider the more positive observations in the pa- 
tients who received concentrated antipneumococcus 
horse serum therapeutically. The value of this 
homologous serum in the treatment of Type I 
pneumococcus pneumonia is now well established. 
That horse serum acts as a heterophile antigen in 
man has been shown by many workers (7, 8, 10, 
11, 12). That this refined fraction is potent as 
a heterophile antigen is indicated by the obseiwa- 
tions presented, namely, by the decrease in titer of 
sheep cell hemolysin in the first few days after 
serum administration and the marked increase in 
this titer in the same patients later, particularly 
when serum sickness occurs. There is no indica- 
tion, however, that this heterophile activity has 
any influence on the course of the pneumonia. 
Favorable effects were observed from the use 
of serum in spite of an average decrease of 50 per 
cent in the hemotydic titer of the serum. Fatal 
outcome, on the other hand, has been obseiwed 
even after the heterophile antibody had increased 
significantly in patients treated with serum, pre- 
sumably in response to the horse serum injections 
and in spite of persistent pneumococcus invasion. 
Even the immediate reactions to injections of 
horse serum, such as were observed bj' Davidsohn 
(10) with crude therapeutic antisera in patients 
with heterophile antibody, were not encountered 
after the intravenous injections of the refined 
antipneumococcus concentrates. These obser\'a- 
tions indicate that even known heterophile antigen 
has no particular relationship to the course of 
pneumonia in man. 

On the basis of all of the findings here pre- 
sented, it is felt that the heterophile activity- of 
the pneumococcus is probably of no significance 
in human cases of lobar pneumonia. 
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SUMMARY AND CONCLUSIONS 
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In prevnous communications, (1, 2, 3, 4, 5) it 
has been pointed out that two important questions 
with regard to tlie nature ol thyroid colloid must 
be answered because they bear upon the normal 
and patltological physiology of the gland. The 
first of these is; Does the colloid of "toxic” 
glands show significant differences from normal 
or “ non-toxic ” colloid? The second question is ; 
Does the activity of the thjToid secretion depend 
solely upon its th 3 'roxin content? This paper in- 
cludes both chemical analyses and biological as- 
says so correlated as to bring out possible causal 
relationships to the metabolic effects produced. 
As explained elsewhere, (1) a routine standard 
procedure was adopted for administering thyroid 
material to patients with myxedema. The mag- 
nitude of the metabolic response could then be 
used as a gauge of the potency of the preparation 
or drug administered. 

The thyroglobulins were prepared by extraction 
of freshly iced, surgically excised glands with 0.02 
normal sodium hydroxide solution. The protein 
was subsequently precipitated isoelectrically ; and 
then redissolved and reprecipitated repeatedly. 
The preparation of the di-iodotyrosine peptone 
and thjToxin peptone digests was accomplished 
as described by Harington and Salter (6). Un- 
digested protein was eliminated by heat coagula- 
tion and by the acetone treatment described by 
these authors. Total iodine was estimated accord- 
ing to the procedure of Kendall (7). The thy- 
roxin moiety was estimated by the procedure of 
Harington and Randall (8) and checked by the 
methods of Leland and Foster (9) or of Blau 
( 10 ). 

The response of patients to test fractions of 
thyroid material was judged by comparison with 
the standard curve of reference obtained by ad- 
ministering natural thyroxin pol 3 rpeptide (1). 
When this substance was fed in solution in daily 
doses containing 0.5 mgm. iodine, the daily rise 


in basal metabolic rate was found to average about 
2.5 points (1). By this method the response of 
myxedematous patients could be calibrated when 
test preparations were administered. The relia- 
bility of this procedure has been discussed in a 
previous communication (5). A patient was 
never used for more than one assay, unless the 
first result was completely negative. 

Effect of ihyroglobtilitis upon basal metabolic rate 

Colloid goiter. Two adult patients with typical 
spontaneous myxedema were treated with thyxo- 
globulin prepared from human multiple colloid 
adenomatous goiters, excised surgically. The 
daily dose, by mouth, was 0.5 mgm. in terms of 
total iodine. The responses produced (recorded 
in Figure 1, Curve A and B) corresponded to the 
standard response obtained from an equivalent 
amount of thyroxin polypeptide, based upon the 
total iodine content. One cretin, aged twenty- 
one, previously untreated, was given 0.5 mgm. of 
iodine in the form of this same thyxoglobulin. 
The result (shown in Figure 1, Curve C) was 
likewise of the same order of magnitude as the 
standard response. The average daily rise in 
basal metabolic rate was 2,8 points per day, as 
against the standard rise (1) of 2.5 points per 
day. 

Chemical analysis by the method of Harington 
and Randall (8) showed 30 per cent of the iodine 
in this preparation to exist apparently as thyToxin. 
Nevertheless, the response indicates that 100 per 
cent of the iodine is active. This confirms work 
previously published to the effect that the activity 
of thyroid hormone is determined not by its thy- 
roxin iodine, but by its total organic iodine. 

Exophthalmic goiter. Three other patients 
were treated with thyTOglobulin prepared from 
glands surgically excised from patients with hy- 
perthyroidism, showing hyperplastic glands. 
Chemical analysis by the method of Harington and 
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in isolated instances in the past and have not dis- 
covered that they have any significance. 

In the interpretation of these results, it must be 
remembered that the source of thyroglobulin was 
tissue excised from patients who had received 
iodine therapy preliminary to operation. 

Simple colloid goiter. In addition, to one pa- 
tient with spontaneous myxedema there was given 
0.5 mgm, of iodine daily in the form of thyro- 
globulin obtained from a large - colloid gland 
removed from a patient living in an endemic 
goiter region.^ As shown in Figure 1, Curve d, 
there followed no significant metabolic response. 
This material was found on chemical analysis to 
contain only 0,006 per cent of total iodine, and of 
this only 5 per cent (relative percentage) was ap- 
parently in the form of thyroxin by the analyti- 
cal method of Harington and Randall (8). The 


Fig. 1. 

Curves A and B represent the calorigenic responses of 
two patients with spontaneous myxedema who received 
daily oral doses of thyroglobulin (containing O.S mgm. 
of total iodine) derived from human, multiple colloid 
adenomatous goiters. Curve C represents the calorigenic 
response of a cretin to this same form of thyroglobulin. 
Curve D represents the calorigenic response of one pa- 
tient with spontaneous myxedema to the daily oral ad- 
ministration of 0.5 mgm. of iodine in the form of the 
thyroglobulin obtained from a colloid gland removed in 
an endemic goiter region. The heavy solid line, pres- 
ent ijj all the charts, is the standard response to daily 
doses of 1.0 mgm, of natural thyroxin polypeptide (0.5 
mgm. total iodine). 

Randall (8) showed 25 per cent of the iodine in 
this preparation to exist apparently as thyroxin. 
By the method of Leland and Foster (9) the 
value was 20 per cent. Two of the patients had 
spontaneous myxedema; the third had cachexia 
strumipriva, complicated by rheumatic heart dis- 
ease (w’ithout myocardial failure) . The responses 
of the three patients insofar as average slope is 
concerned were altogether similar to those of pa- 
tients receiving non-toxic colloid thyroglobulin, 
the average daily rise in metabolism being in the 
case of “ toxic ” thyroglobulin 2.9 points per day, 
and in that of “ non-toxic ” thyroglobulin 2.8 
points per day. It is true that inspection of the 
three curves for “ toxic ” thyroglobulin shown in 
Figure 2 reveals a hump in each about the fifth 
to sixth day. We have observed similar humps 



;. 2. The Response of Three 
mEMA, Two Spontaneous and One 
MIPRIVA, TO THE DaILY Or^ 
lOGLOBULiN Derived from Human ^ 
>xic”) Glands, Each ^ose CoNTAixmc 
t. Iodine (Light Solid Lines and Solid ^ 
» heavv solid line is tbe standard cunc, 
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1 We are indebted to Professor Frederics 

the University of Michigan for this materi.. ■ 
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heck value obtained by Blau’s method (10) was 
I per cent. 

Action of peptones of human thyroglohulin 

When thjToglobulin is digested with pepsin 
inder appropriate conditions, a considerable por- 
ion of the organically-bound iodine remains in- 
loluble in dilute acid at pH 5.0 (6). This in- 
oluble fraction is variable in amount, but often 
unounts to one-third of the total iodine. It 
:onsists partly in (a) undigested protein and 
lartly in (b) peptones containing thyroxin as the 
:hief source of iodine. Harington and Salter 
(6) found that after such isoelectric precipitation 
if the digest, the iodine-containing peptones which 
remained in solution yielded no thjTOxin. This 
second iodopeptone was shown by Harington and 
Randall (11) to j-ield di-iodotv-rosine ^ 

Thyroxin peptone. Three patients with spon- 
taneous myxedema were treated with thjTOxin 
peptone, administered by mouth in daily doses 
containing 0.5 mgm. iodine. One of these failed 
to respond (Curve A, Figure 3), and in this case 
the material was administered suspended in water, 
but undissolved. In the other two cases, the 
peptone was dissolved in dilute alkali before 
administration, and both these patients made sig- 
nificant responses (Curve B and C, Figure 3), 
although in one of them (Curve S) it was some- 
what sub-standard. In the latter case, however, 
subsequent daily administrations of thyroglobulin 
(from colloid adenomatous glands) for six days 
failed to produce any additional rise. The in- 
ference, therefore, is that this patient had obtained 
a maximal response, even though sub-standard. 
Of these tvi-o effective peptone preparations, one 
(Curve B, Figure 3) was made from multiple 
colloid, non-toxic adenomatous goiter, and the 
other (Curve C, Figure 3) from toxic diffusely 
hj-perplastic goiter. 

Di-iodotyrosine peptone. Three patients with 
spontaneous mj’xedema were treated with di-iodo- 
tjTosine peptone in daily oral doses containing 
0.5 mgm. of iodine. None of these patients made 

- The thjToxin-containing peptone can be partially puri- 
fied bj- re-precipitation and by treatment with acid ace- 
tone (6). The di-iodotyrosine peptone can be essentially 
freed from inorganic iodide by concentration of the acid 
solution under reduced pressure. 
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Fig. 3. The Respoxse of These Patiexts VfTTH 
SpoXTAXEOUS ilvXEDEM.A TO THE ADiinnSTR.ATIOX OF 
Thveoxix Peptoxe IX Daily Oeal Doses Coxtaixixc 
0.5 MCM. Total Iodixe. 

The patient represented by Curve A received undis- 
solved material. Curve B represents the response to 
thyroxin peptone derived from non-toxic colloid adeno- 
matous goiter and Curve C to peptone derived from 
hyperplastic “ toxic ” goiter. The heavy solid line is the 
same as in Figure 1. 

an unequivocal response. 'All three patients sub- 
sequently made a good response to an active 
thyroid preparation. The conclusion is to be 
drawn, therefore, that thjnroxin peptone possesses 
standard activity, but that di-iodotj'rosine peptone 
in standard doses is inert.^ 

Effect of synthetic (racemic) glycyI-ihyro.rin 

Through the kindness of Professor C. R. Har- 
ington, we were able to test the activitv- of a 
sjTithetic dipeptide made in his laboratory' and 
described by Ashley (12). This material was 
administered intravenously to two patients with 
spontaneous myxedema in daily doses corre- 

^ It is necessary to note, however, that in assays in two 
other cases, in which three and six times the standard 
iodine dosage (0.5 mgm.) of di-iodotyrosine peptone was 
given, definite responses did occur. These data will be 
the subject of a later communication. 
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Physiologic Effects of the Inhalation of Helium ulth 
Oxygen on the Mechanics of Res Inration. By Alvak 
L. Barach, New York, N. Y. 

The low density of helium was made use of to pro- 
wde a respirable gas consisting of 20 per cent oxj-gen 
and 80 per cent helium which was one-third as heavj' as 
a comparable air mixture. When prolonged respiratory 
obstruction was produced in dogs by breathing through 
narrowed orifices, the effect of helium-oxygen mixture 
in comparison to air was shown by marked decreases in 
the inspiratory and expiratory pressures and in the pres- 
sure in the pulmonarj- airways. The latter measurement 
was obtained by connecting a water manometer to a 
tube leading from the dog’s mouth to a closed respiratory 
apparatus. 

After three hours of breathing air through a narrowed 
orifice, dogs showed striking increases in intrapleural 
pressures, marked reduction in the pressure in the pul- 
monaiy ainvays and a progressively diminished tidal vol- 
ume. The effect of helium with oxj-gen at this stage was 
to reduce the intrapleural pressures, increase the tidal 
air and to increase the external pulmonary pressure. A 
stage was produced when a dog could not inhale air 
but could take in a comparable helium-ox>-gen mixture. 

Studies on the Volume Flotv of Blood in the Hands of 

Cases of Peripheral Vascular Disease. By Normax 

E. Freeman (introduced bj' A. V. Bock), Boston, 

Mass. 

The rate of blood flow through the hand, with the tem- 
perature controlled, measured by a modification of the 
plethysmographic technique of Hewlett and Van Zwalu- 
wenburg has been studied. An increase in the volume- 
flow of blood was found to result from raising the local 
temperature. The curve obtained under basal fasting 
conditions was characteristic for the patient from day 
to day. Immediately after symphathectomy the rate of 
flow was constant and did not vary with changes in local 
temperature. Six months later the circulation again was 
found to change with the local temperature. The logar- 
ithm of the rate of flow was a linear function of the 
reciprocal of the absolute temperature. After release of 
a circulatory occlusion the excess blood flow above the 
basal level within certain limits exactly accounted for 
Ae amoxmt of deprivation. It is therefore suggested that 
in the normal hand the circulation is modified through 
the sympathetic nervous system by the thermal-regulatory 
needs of the body. After removal of the sympathetic 
nerves, the blood flow is controlled by the metabolic 
requirements of the tissues. 

In the treatment of Raynaud's disease, active vasodila- 
tation through the calorigenic action of dinitrophenol has 
proven of value. 


In obliterative vascular disease, the power of reflex 
vasodilatation is lost. Application of local heat increases 
the discrepancy between metabolic needs and blood supply. 

Residual Vasoconstriction from Medulli-adrcnal Secre- 
tion after Cervicothoracic and After Lumbar Gangli- 
onectomy; An Explanation of the Different Results 
after Sympathetic Denervation of the Upper and Loivcr 
Extremities in Rayrxtud's Disease. By James C. 
White, Boston, Mass. 

Elliott (1905) first called attention to the fact that the 
contractile mechanism in the smooth muscle cell becomes 
abnormally sensitive to adrenaline after its postganglionic 
neurones have degenerated. Other manifestations of this 
phenomenon have been demonstrated by the work of 
Meltzer and Auer (1904), of Hartman, McCordock, and 
Loder (1923), and of Cannon, Lewis, and Britton (1926). 
The importance of this effect in man as a cause of failure 
after sympathetic ganglionectomy for Raynaud’s Disease 
has recently been demonstrated by Sraithwick, Freeman, 
and White (1934). In a second article we showed that 
this chemical mediation accounts for the ability of the 
arteries in the rabbit’s ear to constrict dining insulin 
hypoglycaemia after the postganglionic neurones have 
degenerated, and further that this effect is inhibited by- 
inactivation of the adrenal glands. 

With the assistance of two Harvard Medical students, 
I have continued this investigation during the past fifteen 
months. We have shown that : 

1. The residual vasomotor changes in the rabbit’s ear, 
after degeneration of the postganglionic neurones by re- 
section of the superior cervical sympathetic ganglion and 
division of the remaining vasomotor neurones which run 
with the sensory nerves (described by Grant, Bland, and 
Camp, 1932), are in great part due to circulating adrenine 
and can be largely eliminated by adrenal inactivation 
(shown by photographs of ear vessels). 

2. On the other hand, when the preganglionic neurones 
are interrupted by- stellate ganglionectomy- or by division 
of the upper four anterior thoradc roots, the vessels in 
the rabbit’s ear remain dilated — neither cold, pain, emo- 
tion, intravenous adrenaline, nor the adrenine secreted 
during insulin hypoglycaemia cause any- strildng degree 
of vasoconstriction (also shown by photographs of ear 
vessels). 

A comparison of these two experimental procedures 
reveals in a striking manner the superior degree of vaso- 
dilation which is maintained after the preganglionic fibres 
are cut. This operation interrupts all central efferent 
vasoconstrictor impulses, but renders the smooth muscle 
of the arterioles but very slightly- sensitive to circulating 
medulli-adrenal secretion. 
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I wish to propose this fundamental difference in reac- 
tion as the explanation in man of the frequent poor re- 
sults after cervicothoracic ganglionectomy and the con- 
stant satisfactory results after the lumbar operation. 
Anatomically the inferior cervical, and first and second 
thoracic ganglia are known to contain the trophic cells 
of the great majority of postganglionic neurones to the 
brachial plexus. On the other hand, as far as the foot 
is concerned, the lumbar ganglia for the most part con- 
tain descending preganglionic fibres. The great majority 
of postganglionic neurones to the sciatic nerve originate 
in the three upper sacral ganglia and remain intact after 
the lumbar operation. Further confirmation of this is 
given by the skin temperature response to intravenous 
adrenaline after all four extremities have been denervated 
(charts). These cases show striking vasospasm in the 
hands, but only a slight drop in the skin temperature of 
the toes (temperature charts). We have observed spon- 
taneous vasospasm in the hands on emotional disturbances 
within ten days after sympathectomy, but no clinical 
evidence of this in the feet. I believe that sensitization 
of the denervated smooth muscle in the digital arterioles 
to adrenine is a better explanation of this phenomenon 
than local sensitivity to cold (Lewis, 1930), incomplete 
sympathectomy (Adson, and Leriche and Fontaine, 1933), 
or the common argument that Raynaud’s disease is more 
severe in the hands than in the feet. 

T/ie Significance of Latent Scurvy as an Etiologic Factor 

in Rheumatic Fever. By Mark P. Schultz (by in- 
vitation), Jules Sendroy (by invitation), and Homer 

F. Swift, New York, N. Y. 

Basing the plan upon confirmation of Rinehart and 
Mettier’s observation that infection of scorbutic guinea 
pigs with Group C streptococci induced cardiac lesions 
somewhat resembling those of rheumatic fever, and that 
only a mild degree of scurvy was requisite, the following 
course was pursued. 

The etiologic relationship of relative vitamin C depri- 
vation to the onset and recurrence of rheumatic fever 
was studied clinically. By estimating ascorbic acid excre- 
tion quantitatively in individuals under controlled intake 
a method was evolved for testing the relative degree of 
saturation with vitamin C. The vitamin C excretion 
level was compared with the capillary permeability in 
patients with rheumatic fever shortly after admission 
to the hospital and for periods after prolonged high 
ascorbic acid ingestion. 

A second group of rheumatic children, some with active 
disease, were examined periodically for several months, 
both with ordinary' clinical technique and with testing 
of capillary permeability. An attempt was made to judge 
the influence of various habitual diets in respect of 
vitamin C intake with the tendcnc>- to develop rheumatic 
fever; and one sub-group received large daily doses of 
ascorbic acid to determine whether this would influence 
the appearance of relapses. 

The results indicate that the occurrence atid persistence 


of rheumatic fever is not exclusively conditioned by tlie 
existence of latent scurvy. 


Studies of Vitamin C Excretion and Saiiiraiion. By 
John B. Youmans and (by invitation) Marvin B. 
CoRLETTE, Joseph H, Akeroyd and Helen Frank, 
Nashville, Tenn. 

The daily excretion of vitamin C in the urine and 
the degree of retention following the administration of 
test doses has been studied in a group of presumably 
normal subjects (hospital staff and personnel) on a diet 
which was considered to be well balanced and adequate. 
Similar studies were made on subjects whose diets were 
suspected of being inadequate in various respects but 
representative of the diets of a large group of people 
in this locality. Most of the normal subjects were found 
to excrete betvveen 15 and 30 mgms. of vitamin C dai!)', 
amounts which are believed to fall within the range ol 
normal. In them the amount of retention following the 
administration of test doses indicated a normal degree 
of saturation. A few supposedly normal subjects ex- 
creted less than 15 mgms. per day and on test doses 
showed an apparently significant degree of unsaturation. 
Many of the subjects whose diets were suspected of 
being inadequate were found to excrete small amounts 
of the vitamin. 


Relation of Sunlight to Lesions of Pellagra. By Julian 
S. Ruffin (by ' invitation) and David T, Smith, 
Durham, N. C. 

In an analysis of the symptoms in 108 cases 
lagra it was found that the general symptoms were initi- 
ated or increased by the development of the dermatitis. 
Sore mouth or tongue was present in sixteen patients 
before the development of the dermatitis and in seventy- 
five after the dermatitis occurred. Diarrhea was presen 
in eight instances before and fifty-two instances a cr 
development of dermatitis. Mental disturbances ' 
not present in any of the cases before the dermatitis o 
curred, but developed co-incidental with or alter i 

twenty patients. , 

Unilateral skin lesions were produced by ' 

posure to sunlight in eleven out of twenty- 
None of the fourteen patients who failed to get 
on re-exposure to sunlight developed sore tongue, 

rhea or dementia, . . .t . 

In the eleven patients who did develop derm, t 
stools increased from an average of two per *> 
the three days prior to exposure to an average 
for the three days immediately after cxjwsure. 
exposure after treatment neither dermatitis nor 

developed. . . , pa- 

Sore tongue was increased in eight out of 
tients who developed dermatitis after cxposti 
light. Re-e.xposure after treatment produced 

sore tongue nor dermatitis. P 3 t!'‘r.!s 

Dementia occurred in three out of eleve 
who developed dermatitis after exposure^ ireaurcr-'. 
Two patients died. One who recovered vn.h 
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was subsequently exposed to sunlight without any symp- 
toms developing. 

Unilateral skin lesions have been produced in pellagra 
bj' unilateral exposure. When dermatitis occurs as a re- 
sult of exposure there is a tendency for the patient to 
develop diarrhea, sore tongue and sometimes dementia. 
These symptoms do not occur in patients when they 
have been c.xposed to sunlight after receiving adequate 
treatment. 

In evaluating the results of treatment with any specific 
substance it should be remembered that a considerable 
number of patients with the classical sjTnptoms of pel- 
lagra will recover while on a “ G ” deficient diet without 
treatment. 

The Prevention of Pellagra by Means of Parenteral 
Liver Extract Administration. By Austin B. Chinn 
( by in-v-itation) and Tom Douglas Spies, Cleveland, 
0 . 

During the past five years it has been demonstrated 
in the Medical Clinic of the Lakeside Hospital that the 
administration of liver extract in repeated large doses 
is very effective in the treatment of pellagra. Since 
many of these pellagrins returned to their original en- 
vironment after leaving the hospital and again imbibed 
heavily of whiskey, they soon lost desire for food and 
subsequently pellagra returned. In Hew of this fact, it 
seemed worthwhile to determine whether the recurrence 
of pellagra could be prevented in these indiHduals in 
whom it had occurred most frequently. Accordingly, 4 
individuals who were among those most frequently ad- 
mitted to the hospital with pellagra were selected as suit- 
able cases for study. In each instance injection of liver 
extract was begun immediately after an attack of the 
disease and was continued for 1 year. (The patients re- 
mained in their natural environmental conditions and con- 
tinued to drink large amounts of whiskey during this 
period.) 

The 4 patients treated as outlined above had a total 
of 17 hospital admissions during the 9 months just pre- 
ceding the beginning of this experiment. In contrast, 
following the beginning of the injections, none of the 4 
patients was admitted to the hospital with pellagra during 
the subsequent 12 months. Interpretation of these ob- 
servations suggests that the frequent administration of 
large doses of liver extract aids in the prevention of 
pellagra. 

The Neutralisation of Encephalitis Virus (,St. Louis, 

1933) by Serum. By R. S. Muckenfuss, J. E. 

Smadel (by invitation) and Elizabeth Moore (by 

inHtation), St. Louis, Mo. 

The. neutralization test as used with the virus of en- 
cephalitis (St. Louis, 1933) depends on adding serum to 
virus diluted close to the limit of infectivity. As this is 
done, errors resulting from chance variations in the 
amoimt of virus inoculated occur, which reduce the sig- 
nificance of differences in the number of mice dying in 
individual tests. These factors have been studied and 


the strain of mice, the strain of virus, and the number 
of mice used taken into consideration. Virus was neu- 
tralized by the serum of over 80 per cent of individuals 
convalescent from encephalitis in 1933 as well as by the 
serum of a number of individuals residing in the area. 
The sera of several individuals recovered from different 
types of encephalitis in France have been received and 
none of these neutralized the virus. The significance of 
these findings is discussed. 

Studies on a Filterable Virus Recoz’cred from Cases of 

Clinical Influenza in Man. By Thomas Ffa-NQS, Jr,, 

and (by invitation) T. P. Magill, New York, N. Y. 

A filterable virus was recovered from the pharyngeal 
washings of influenza patients in Puerto Rico, New York 
and Philadelphia. The inoculation of the virus into the 
nasal passages of anaesthetized ferrets or mice produces 
an experimental disease characterized by a bluish-red 
edematous consolidation of the lung. In ferrets the dis- 
ease is usually non-fatal, while most of the infected mice 
die. 

The serum of recovered ferrets mixed with virus and 
inoculated into the nasal passages of mice prevents the 
development of the pulmonary lesions, while normal fer- 
ret serum has no effect. It has been found that the 
sera of ferrets recovered from infection with either the 
Puerto Rico or the Philadelphia strains reciprocally neu- 
tralize both strains of viius. In addition, the serum of a 
horse immunized by Andrewes, Laidlaw and Smith against 
the British (\V. S.) strain of human influenza virus also 
neutralizes both the Puerto Rico and Philadelphia strains. 
The serum of swine recovered from infection with swine 
influenza (obtained from Dr. Shope) fails to neutralize 
these two human strains of virus. These results indi- 
cate that the strains of influenza virus recovered from 
patients in different parts of the world are immunologi- 
cally identical, while that of swine influenza differs 
serologically. 

Additional evidence of the {dentit>' of the Puerto Rico 
and Philadelphia strains of virus was obtained by im- 
munization experiments. WTiite mice were vaccinated 
subcutaneously with liHng virus obtained from mice or 
ferrets infected with the Puerto Rico strain of virus. 
They were then found to be immune to the homologous 
strain of virus when tested by the intranasal route. 
MTien retested with the Philadelphia strain of virus, they 
were found to be actively immune to this, the heterol- 
ogous strain, as well. 

Furthermore, the serum of influenza patients in New 
York, taken from the same individuals during the acute 
and convalescent stages of the disease, was tested against 
the Puerto Rico strain of virus. The convalescent serum 
uniformly protected mice, while the serum during the 
acute illness did not. Control tests were made with the 
serum of patients in the acute and convalescent stages 
of lobar pneumonia. In none of these cases did the effect 
of the convalescent serum on the virus differ from that 
of the serum taken during the acute stage of pneumonia. 
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These results clearly indicate that the virus is causally 
related to human influenza. 

Immunisatioti of Himan Subjects with the Specific Solu- 
ble Substance of Type VIII Pneumococcus. By Max- 
well Finland and (by invitation) James M. Rueg- 
SEGGER, Boston, Mass. 

The carbohydrate used was prepared from Type VIII 
pneumococcus by Dr. Rachel Brown. This material is 
readily soluble in water or physiologic saline and pre- 
cipitates the homologous antiserum in a dilution of 
1 : 4,000,000. It shows marked cross precipitation re- 
actions with Type III SSS. Dr. Brown’s chemical 
analysis of this material is as follows; nitrogen 0.75 
per cent; phosphorus 0.11 per cent; moisture, 5,78 per 
cent; and ash 6.37 per cent. She has observed that this 
material produces purpura in mice. 

This carbohydrate was given to hospital patients, who 
had no history of recent pneumonia or other febrile ill- 
ness. It was given in doses of 0.01 mgm. intracutane- 
ously or 1.0 mgm. subcutaneously. Studies of the blood 
were made before and at intervals after the injection for 
agglutinins and protective antibodies of the serum and 
for the phagocytic action of defibrinated blood. Type 
III pneumococci and, in some cases, also Type I pneumo- 
cocci were used as controls. Each subject developed type 
specific antibodies, the response being quantitatively sim- 
ilar to that following the recovery from Type VIII 
pneumococcus pneumonia. The response following the 
larger dosage did not differ significantly from that fol- 
lowing the small intracutaneous injections. No appreci- 
able amount of antibody against Type III, or of Type 
I, could be demonstrated. 

In another group similar experiments were conducted 
using the Type III carbohydrate. In the subjects who 
showed a response, this was type-specific and no appreci- 
able amount of Type VIII antibodies developed. 

A Correlation of the in vitro Thermal Death Time of 
the Gonococcus zuith the Duration of the Artificial Fe- 
ver in the Treatment of Gonococcal Infections. By 
S. L. Warren, R. A. Boak (by invitation, and C. M. 
Carpenter (b}' invitation), Rochester, N. Y. 

The in vitro thermal death time has been determined 
at 41.5'’ C. on 95 strains of the gonococcus and found to 
vary between 6 and 27 hours. Individual patients may 
harbor several strains differing in their resistance to 
heat. Artificial fever of from 5 to 17 hours at 41.5'’ C. 
has been given to 118 patients; 64 females, 54 males. Of 
this number 60 per cent have been clinically and bacterio- 
logically negative for from 3 months to 3 years, while 
an additional 20 per cent have been negative for from 1 
to 3 months. 

Each of II patients was subjected to a single fever at 
41.5° C., equal in length to the thermal death time of 
his culture, following which there was an immediate sub- 
sidence of all clinical symptoms and a bacteriological 
“ cure.” Similar results were obtained in 9 patients 
when the fever period was to of the thermal death 
time, suggesting the assistance of defense factors in the 


body. Failure in those cases in which the fever was 
shorter than the thermal death time may be due to the 
inability of the host to supply the necessary supple- 
mental resistance where the bactericidal effect of the 
fever has been inadequate. 


The Cardiac Output and the Work of the Heart in ffy- 
Pothyroidism. By Mark D. Altschule (introduced 
by Herrman L. Blumgart), Boston, Mass. ' 

The cardiac output was estimated in patients with 
angina pectoris and congestive heart failure at various 
levels of metabolism before and after total thyroidec- 
tomy. Both the acetylene and the ethyl iodide methods 
were used. They were found to yield identical results. 
Following operation, when the basal metabolic rate was 
approximately minus 30 per cent, the cardiac index was 
decreased to about 1.3, a fall of about forty per cent. 
This disproportionate decrease in cardiac output was 
associated with an increase in arteriovenous oxygen dif- 
ference. 

The velocity of blood flow was measured in the same 
patients by the decholin method. With rare exceptions, 
changes in the cardiac output were accurately reflected 
in the velocity of blood flow. 

The left ventricular work was calculated by means of 
the formula of Evans (W ~ QV -P mV'‘/'lg). (The 
work of the heart was found to parallel the cardiac 
output. A fall in metabolism of thirty per cent was ac- 
companied by a diminution in the work of the heart o 
forty per cent, i.e., the work of the heart was decreascc 
more than one would expect merely from the fall in ba- 
sal metabolism. These observations are of importance 
in explaining the relief obtained in heart disease o - 
lowing total thyroidectomy. 


7m Action of Drugs on Myocardial Function in Cardiac 
and Circulatory Disease. By Isaac Starr, 

(by invitation) J. S. Donal, A. Margolies and L. J. 
Gamble, Philadelphia, Pa. 

This investigation comprised about 250 estimations o 
ardiac output on 50 patients in the basal condition. 

The rapidly acting drugs (morphine, adrenalin, cpi - 
rine, quinidine, pitressin, choline derivatives an 
rites) were studied as follows. An 
lectrocardiogram were secured. Duplicate cs 
f cardiac output and metabolism, and repea c 
linations of blood pressure and pulse rate 
nth the subject lying at rest. A drug was ‘ 
itered and, when its action had manifested itseu, 

tudy was repeated. _ _ r .u pifini.i- 

Digitalis was studied by a repetition o . of 

ons on different days, together whh ^ctcrmina 
ital capacity, venous pressure and circu ation i 
Accepting Starling’s Law of the Heart as 
ion of normal cardiac function, myocar la 
lay be defined as that condition which permi 
) do more work per beat in proportion to ‘ 

epresston as the reverse. _ oll-rc'.! t'"' 

Such a conception resolves the ‘ m 

sist between the action of digitalis in t e c 
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animal experiments. In our eases digitalis causes myo- 
cardial stimulation almost without exception. Adrenalin 
and cplicdrinc arc likewise stimulants. Quinidine and 
pitressin have little depressant action in therapeutic 
doses. 

Two patients have been studied during angina pectoris 
and after relief by nitrites. 

Effect on Cardiac Output and Cardiac Siac of Giving 
Digitalis to Patients Suffering from Organic Heart 
Disease without Signs of Congestive Heart Failure. 
By H.\rold J. Stewart and (by invitation) J. E. 
Deitrick, N. F. Crane and W. P. Thompson, New 
York, N. Y. 

One of US’- has already reported before this society 
certain effects upon the circulation of giring therapeutic 
amounts of digitalis to subjects whose hearts were nor- 
mal and also to patients suffering from organic heart dis- 
ease exhibiting signs and sjTnptoms of congestive heart 
failure. The following facts emerged from those ob- 
sen-ations: Exposing normal hearts to the actions of 
digitalis results in decrease in the size of the heart and 
decrease in the volume of its output of blood per minute. 
Giving digitalis to certain patients exhibiting signs and 
symptoms of congestive heart failure when the rhj-thm 
■was regular or that of auricular fibrillation, resulted in 
increase in cardiac output and decrease in cardiac size. 
Since there is one action of digitalis which is common 
to these two diverse situations, the normal heart and the 
enlarged heart, namely, an effect on the size of the heart, 
that is to say a decrease, we were led to the notion that 
digitalis decreases the size of the heart, and the cardiac 
output which results depends upon the initial size of the 
heart; that is, decrease in output in the normal heart and 
increase in the dilated one. The size of the heart ap- 
peared to be pertinent, since ■we were imable to establish 
a correlation between decrease in size of heart and de- 
crease in cardiac output and alteration in venous pres- 
sure. Results paralleling these had been found to obtain 
when the observations were made on dogs,- In addition, 
■when digitalis was given to dogs in which the hearts 
were large, the consequence of artifidallj- induced mitral 
insuflSciencj-, but in ■which there were no signs of heart 
failure, the effect ■was similar to that observed in normal 
dogs.3 

It remained, therefore, to observe the effect upon these 
same functions of giving digitalis to those patients suffer- 

’ Stewart, H. J., and Cohn, A. E., J. Clin. Invest, 
1932, 11, 917. Studies on the Effect of the Action of 
Digitalis on the Output of Blood from the Heart Part 
1. The Effect on the Output in Normal Human Hearts. 
Part 2. The Effect on the Output of Hearts in Heart 
Failure with Congestion, in Human Beings. 

= Cohn, A. E., and Stewart, H. J., J. Qin. Invest, 1928, 
6, 53. The Relation bet^ween Cardiac Size and Cardiac 
Output per Minute Following the Administration of 
Digitalis in Normal Dogs. 

’^Cohn, A. E., and Steivart, H. J., J. Qin. Invest, 1928, 
'5- The Relation between Cardiac Size and Cardiac 


ing from organic heart disease who either had never ex- 
perienced congestive heart failure or ■who exhibited no 
signs of congestive heart failure at the time of the ex- 
posure to the action of digitalis. Such observations form 
the basis of this report. To 11 patients, all suffering 
from rheumatic heart disease, digitalis American Heart 
Association 1.6 to 1.8 gm. ■was given within 24 hours. 
•The rhythm of the heart was regular in all subjects. 
Measurements of cardiac output were made by the acety- 
lene method of Grollman, of arm to tongue circulation 
time by the intravenous injection of decholin, of venous 
pressure by the direct method, and of cardiac size from 
the measurement of the cardiac shadow in 2 meter x-ray 
photographs. Observations ■were made before and at 24 
hours after as well as at later intervals after giving the 
drug. All observations were made with the patients in 
a basal metabolic state. The doses of the drug ■were 
given at the same time of the day to all subjects, and the 
observations ■were made at identical times. 

The results fell into 3 groups. 1. In certain of the 
patients the effect of giving digitalis was to decrease 
cardiac size and cardiac output, and to increase circula- 
tion time; venous pressure did not follow any consistent 
pattern ; that is to say, the effect -was similar to that ob- 
served in giving the drug to normal individuals. 

2. In others the effect was to decrease cardiac size and 
to increase cardiac output and to decrease circulation 
time; the venous pressure wns not significantly altered; 
that is to say, a result similar to that observed in patients 
suffering from congestive heart failure. 

And finally (3) in certain instances, the cardiac size, 
cardiac output, and circulation time and venous pressure 
remained unchanged, although the alterations of the T 
waves of the electrocardiogram showed evidence of one 
digitalis effect on cardiac muscle. 

It appears therefore that if digitalis alters the size of 
the heart, change in its output occurs; its volume output 
decreases if the heart was beforehand not dilated and it 
has been made a smaller pump; on the other hand its 
output increases if the dilated heart has by becoming 
smaller been made a more appropriate size. The balance 
of factors which come into play in those instances in 
which the circulatory functions which were measured 
showed no alteration, is not known. In certain instances 
when digitalis was given and the cardiac output de- 
creased, the patients became cyanotic and dyspneic. It 
appears therefore that patients without obvious heart 
failure, patients in a similar functional classification as 
far as clinical data could be evaluated, behave in an un- 
predictable way on taking digitalis. 

The cardiac volume was plotted against the gram me- 
ters of work of the left ventricle per beat Four patients 
fell into the zone of threatened heart failure according to 
the correlation demonstrated by Starr,'* Fig. 2, but these 

Output per Minute Following the Administration of 
Digitalis in Dogs in WTiich the Heart is Enlarged. 

■* Starr, Isaac, Jr., Collins, L. H., Jr., and Wood, F. C, 
J. Clin. Invest, 1933, 12, 13. Studies of the Basal Work 
and Output of the Heart in Clinical Conditions. 
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four did not fall into a single group with respect to the 
effect ,of digitalis but fell into the three groups ; so that 
a distinction could not be made on this basis. One cor- 
relation did arise, however: in three of these four pa- 
tients in whom the cardiac size was altered by digitalis, 
whether the cardiac output was increased or decreased, 
they moved up into the zone of normal cardiac function, 
in which the cardiac work became commensurate with 
the cardiac size. 

Conclusions : It appears that alterations of the cardiac 
output following the giving of digitalis are associated 
with alterations of cardiac size. When alterations of 
size failed to occur, the cardiac output remained un- 
changed. 

It is demonstrated anew that decrease in cardiac size 
and decrease in cardiac output was not associated with 
decrease in venous pressure. That is to say, additional 
evidence is presented that decrease in cardiac output 
which follows the giving of digitalis in certain instances 
is not a consequence of fall in venous pressure but, so 
far as one can ascertain, is a consequence of decrease in 
size of the heart by the action of digitalis on it. 

Intermittent Blood Flow in the Capillaries of Human 
Skin. By James Bordeey, III, Max H. Grow (by in- 
vitation} and WiixiAU B. Sherman (by invitation), 
Baltimore, Md. 

'The skin over the tibia of normal human subjects has 
been observed microscopically. Room temperature has 
been controlled and the skin-area under observation has 
been supported horizontally at heart level. Using a 
magnification of 90 X to 150 X it has been possible to 
see blood flow in capillary loops, in venules and, occa- 
sionally, in arterioles. The flow of corpuscles in many 
capillary loops has been found to be intermittent in char- 
acter. Intermissions may be only momentary but fre- 
quently last for periods of several minutes or longer. 
When flow ceases the capillary usually contains motion- 
less corpuscles and remains visible; only occasionally 
does it disappear from view. Alternating progression 
and cessation of corpuscular flow has been observed in 
single capillaries over periods as long as one hour. When 
flow is observed simultaneously in two or three neigh- 
boring capillaries it is generally found that the periods 
of intermission do not coincide. 

We conclude that the blood flow in the capillaries of 
normal human skin may show intermittency similar to 
that described for the capillaries of various organs of 
lower animals (kidney, muscle, lung, etc.). This con- 
clusion differs from that which Lewis derived from 
his obscr%-ations upon the skin of the hand and forearm. 

Chemical Studies in Addison’s Disease. By J. S. L. 
Browne and Eleanor M. Venning (introduced by 
T. C. Meakins), Montreal, Canada. 

Studies on sodium, potassium, calcium and nitrogen 
balances have been made on three cases of Addison's 
disease over a period of months : and the effect of ad- 

1 T. Lewis, Heart, 1926, 13, 1. 


ministration of sodium 'chloride by mouth and of cortical 
(Eschatin) and pituitary adrenotropic extracts studied. 
There is some indication that the extracts used influence 
the potassium balance. The effects of glucose, given 
orally or intravenously, and of adrenalin and small doses 
of insulin on the blood sugar were investigated in some 
cases. Sodium chloride administration sometimes de- 
pressed the blood urea below the normal level, the ex- 
cretion of ingested urea was then delayed. One case died 
after a mild pharyngitis, he was in negative feodium, po- 
tassium and nitrogen balance, and the sodium concentra- 
tion in the urine decreased in the two weeks between the 
infection and death. During collapse the sodium, urea 
and volume of the blood were normal and the blood 
pressure rose; the blood sugar decreased to 20 mg. per 
cent. It is felt that a disturbance of carbohydrate me- 
tabolism in Addison’s disease is not only a secondary ter- 
minal event but can act in some cases separately from the 
mineral-water disturbances to cause collapse. 


The Relief of Human Myxoedema by an Artificial Hu- 
man Protein. By William T. Salter, Boston, Mass. 

Thyroxin contributes only about one-third of the iodine 
in thyroglobuHn extracted from human glands surgically 
excised in Boston. As previously reported to this soci- 
ety, however, all of this tbyroglobulin iodine is equally 
potent in relieving myxoedema. Although pure di-iodo- 
tyrosine- is calorigenically inert, yet, paradoxically, it ap* 
parently contributes the major part of the metabolic 
potency when combined in the tbyroglobulin molecule. 

When this human thyroid protein is digested with W 
sin, it is possible to remove the thyroxin fraction, 'c 
remaining solution of di-iodotyrosine peptone is free o 
protein and can be filtered under pressure througi a 
standard “Cellophane” membrane. Under appropriate 
chemical conditions, this material may be^ subjcctc o 
peptic synthesis, thus reversing the original 'g^s 


process. 

The artificial protein resulting from this enzymic s>m- 
thesis resembles natural tbyroglobulin. It fails to la V ^ 
through the standard “ Cellophane ” membrane, s i 
dine content varies from 0.2 per cent to 0.3 per cen . 
was found clinically i to relieve myxoedema as e ' 
tively as tbyroglobulin in equivalent-iodine dosage. 
roglobulin from primary hyperplastic glands^ an 
multiple colloid adenomatous goitres yielded similar 

ficial proteins. . 

This type of hormone symthesis promises to P 
the high activity of thyroid substance. It also s gh 
that enzymic synthesis may play an important ro 
economy of this endocrine. 

A Thyroid Derivative with Greater Calorigemc Actuih 
than Thyroxine. By W. O. Thompson g q 

vtfnt.-nni B B. Nadler. P. K. THOMPSON and 


Taylor, III, Chicago, 111. ^ . . M a frac 

By proteolytic digestion of desiccated t >ro> 
tion has been obtained which, when mjec e 

1 Assays" were done in the thyroid clinic of the 3 a 
chusetts General Hospital. 
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neously, possesses greater catorigenic activity per milU- 
gratn of iodine tlian thyroxine given by the same route. 
The following obseri-ations arc important in the inter- 
pretation of this finding: 1. Per milligram of iodine, 
desiccated thyroid is more active than the amount of 
thyroxine in it would indicate. 2. Experiments in man 
have failed to show that l-th>TOxine possesses greater 
activity than d-thyroxine (Salter, Lerman and Means) 
or that a comparatively simple peptide of thyroxine with 
a nitrogen : iodine ratio of 0.48 : 1 possesses any greater 
activity than racemic thyroxine. 3. The method used to 
extract tliyroxine from the thyroid (heating with alkali) 
destroys from two-thirds to four-fifths of the gland’s 
activity, whereas it has little effect on thyroxine itself. 
These data suggest: (1) that the activity of thyroxine 
may be enhanced by its natural combination, and (2) 
that the compound which possesses this enhanced activity 
has a more complex molecule than the thyroxine peptide 
referred to. 

The Use of Gonadotropic Anterior Pituitary Extract in 
JVo/nen ]Vho Flow without a Premenstrual Endo- 
metrium. By Elmer L, Sestukgh.^us, and (by invita- 
tion) Ralph E. Campbell and Frederick L. Hisaw, 
Madison, Wisconsin. 

Study of menstrual irregularities has convinced us 
that there is no tj-pical history associated with any one 
type of disturbance in the ovarian and uterine cycles. 
Endometrial biopsies have facilitated definite diagnoses. 
In some patients there was repeatedly a bleeding from 
an estrin type of endometrium, or anovulatory menstrua- 
tion. This might occur with regular or irregular cycles. 

Since the obvious deficiency in such patients is the 
failure to form a functional corpus luteum, we have 
employed the anterior pituitary extracts described and 
prepared by Hisaw and Fevold. They found that use 
of this material subcutaneously stimulated development 
of Graafian follicles, but that luteinization in the monkey 
was obtained only after the intravenous administration 
of the same mixed pituitary extract. We therefore tried 
this material intravenously in selected patients, at 14 
days after the beginning of a flow. Treatment was given 
once monthly, with doses ranging from 0.5 to 1,0 cc. of 
the extract such as is now on the market^ 

We can report that in at least four such patients we 
have secured indubitable evidence of the formation of a 
corpus luteum with typical progestational endometriiun. 
In four others this did not follow although there was 
clinical benefiL These latter cases came to laparotomy 
shortly after treatment, and it was found that they had 
large follicular cysts. In two cases these cyst walls 
showed evidence of beginning luteinization, but not com- 
plete corpus luteum formation. The results accord with 
the findings of Hisaw in monkeys. He was unable to 
cause luteinization after he had stimulated the ovaries 

^ For the supply of The pituitary material we are in- 
debted to Dr. A. E. Meyer, of Chappel Bros. Labora- 
tories, Rockford, III. 


to the extent of producing follicular cj-sts of large size 
We believe this is the first evidence of the production of 
corpora lutca in women by the use of anterior pituitary 
extracts. 

The Pathological Physiology of the Menopause. By 
Fuller Albright, Boston, Mass. 

This study consists of data which enable one to plot 
the pituitary prolan A and estrin contents of the urine 
of patients at the menopause against the number of hot 
flashes. The data were collected before, during and after 
treatment with estrin. Certain deductions are made. In 
the first place the menopause is a “ primarv- ovarian 
amenorrhoea” as opposed to lack of ovarian function 
secondary to pituitary hypofunction, because with the 
under-production of estrin, there is over-production of 
prolan A. The next question, the one which this study 
especially concerns itself with, is which of these hormonal 
abnormalities, if either, is the cause of the systemic 
symptoms. Evidence is brought forth that lack of estrin 
is not the cause of the hot flashes ; however, the evidence 
is convincing that estrin therapy stops the hot flashes; 
estrin therapy also decreases the prolan A over-produc- 
tion; the evidence is not altogether conclusive, however, 
that the hot flashes are directly correlated with the ex- 
cessive prolan A production. Certain implications as to 
treatment are made. 

Respiratory Function in the Respiratory Neuroses. By 
Roxald V. Christie, Montreal, Canada. 

In the past years, thirty-five cases suffering from 
one or other form of respiratory netmosis have been col- 
lected from the patients passing through the Royal Vic- 
toria Hospital. The identification and classification of 
these cases has been facilitated bj* the taking of spiro- 
metric tracings of the tidal air and of various forms of 
respiratory gymnastics. In some cases it was only by 
means of such tracings that a final diagnosis of a respira- 
tory neurosis could be made. The two main groups 
which could be defined by this technic were: (a) the 
anxiety neuroses, which include cases of effort syndromes 
and so-called war neurasthenia and (b) the conversion 
hysterias which in their later stages give rise to “ hyper- 
ventilation tetany.” An analysis of haemo-respiratory 
exchange in selected cases from each of these two 
groups is of interest in showing the physical changes 
which may result from such a functional disturbance. 

Carotid Sinus Syncope and its Bearing on the Mech- 
anisms of Unconscious State cmd Convulsions. By 
Eugexe B. Ferris, Jr. (by invitation), and Rich.aed 
B. Capps (by invitation) and Soma Weiss, Boston, 
Mass. 

Weiss and Baker have demonstrated the relationship 
existing in man between a hirpersensitive carotid sinus 
reflex and certain types of syncope and cons-ulsions. 
They have differentiated three types of syncope of carotid 
sinus reflex origin. Prolonged cardiac asv'stole with a 
secondary fall in the arterial pressure, and a primary re- 
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flex vasodepressor reaction without cardiac inhibition, 
respectively, have played a primary role in two types. 
Cerebral anoxemia was a precipitating factor in both of 
these types. 

This study presents the results of an investigation of 
the third, and hitherto obscure, type of syncope, as mani- 
fested in 25 patients observed in spontaneous and in in- 
duced attacks. The following observations indicate the 
specific sensitivity of the sinus : 1. Pressure over the sinus 
induced attacks in as short a time as 4 seconds. 2. Sud- 
den increase in the intracarotid pressure resulting from 
the release of a compressed carotid artery below the sinus, 
induced mild symptoms. 3. Stimulation of the sinus with 
sodium cyanide resulted in symptoms. 4. Occlusion of 
the carotid artery below the sinus failed to induce symp- 
toms. 5. Novocainization of the sinus abolished the in- 
duced reactions. 6. Surgical denervation of the sensitive 
sinus abolished both the spontaneous and the induced 
symptoms in 8 patients for as long as 14 months. 

The clinical manifestations cannot be explained on the 
basis of changes in the systematic hemodynamics during 
attacks, as no fall in blood pressure nor cardiac slowing 
occurred. The cerebral circulation during and between 
attacks was studied with the aid of the Gibbs blood-flow 
recorder, as well as with blood gas measurements. Ob- 
servations were also made on the effects of strychnin, 
digitalis, oxygen, carbon dioxide, acetyl-^-methylcholin, 
caffein, amyl nitrite, ephedrin, adrenalin, pilocaypin and 
atropin. 

The interpretation of the observations in this study is 
that the manifestations were brought about not by gener- 
alized cerebral anoxemia, but by nervous impulses orig- 
inating in the sinus and acting upon a localized area of 
the midbrain regulating consciousness. The observations 
bear pertinently on the reflex origin of unconscious states 
and on the mechanism of the tonus of autonomic nerve 
centers, 

T/ic Incidence and Significance of Minute Beta Hemolytic 

Streptococci. By Perrin H. Long and (by invitation) 

Eleanor A. Bliss, Baltimore, Md. 

Minute beta hemolytic streptococci have been isolated 
from the throats of 87 per cent of 66 individuals ill with 
glomerular nephritis. It is noteworthy that these organ- 
isms occurred with much greater frequency in those indi- 
viduals whose disease had had an acute onset than in 
those in which the onset of the nephritis was insidious. 
These minute organisms were isolated from the throats 
of 50 per cent of indiwduals suffering from rheumatic 
(fever) infection. In both glomerular nephritis and 
rheumatic infection more throat cultures were positive 
for minute beta hemolytic streptococci than for ordinary 
beta hemolytic streptococci. The incidence of these 
minute organisms in the throats of normal human beings 
and in those of patients ill with diseases other than 
nephritis or rheumatic infection was less than that of 
ordinary beta hemolytic streptococci. 

When tested by Lancefield’s method these minute or- 
ganisms fall into three antigenic groups which are dif- 
feretit from those described for ordinary beta hemolytic 


streptococci. They produce a filterable hemolysin which 
differs from that already described for ordinary beta 
hemolytic streptococci. The sera of certain normal in- 
dividuals contained agglutinins in low titer for these 
organisms. The sera of patients suffering from glomer- 
ular nephritis beginning with an acute onset, streptococcal 
sore throat and rheumatic infection contained agglutinins 
in a relatively high titer against these minute organisms. 
In certain instances recovery from these diseases was 
paralleled with a marked increase in the agglutinin titer 
against these minute organisms. The sera of normal 
carriers of minute hemolytic streptococci showed a nor- 
mal agglutinin content. In view of the well known as- 
sociation of beta hemolytic streptococcal infections of 
the throat with the onset and progression of acute 
glomerular nephritis and rheumatic (fever) infection we 
feel that these findings assume an added importance. 


T/te Effect of Splanchnic Nerve Resection and Sympa- 
thetic Ganglionectoviy in a Case of Paro.vysmal Hemo- 
globinuria. By A. Carlton Eknstene and (by invita- 
tion) W. James Gardner, Cleveland, Ohio. 

In a patient with paroxysmal hemoglobinuria, hemo- 
globinuria regularly followed the application of ice pa(is 
from the feet to the level of the anterior superior spine 
of the ilium or xiphoid process. After spinal anaesthesia, 
ice packs did! not cause hemoglobinuria. Novocaine 
block of both lumbar sympathetic chains did not prevent 
the production of hemoglobinuria by ice packs, bor 
more than one month after resection of the left splanch- 
nic nerves and removal of the first lumbar ganglion, icc 
packs failed to induce hemoglobinuria ; and after a similar 
operation on the right side, ice packs were ineffective for 
nearly six months. Subsequent complete lumbar gang i 
onectomy and cervico-dorsal ganglionectomy did not pre- 
vent the production of hemoglobinuria by ice pa 'S a 
though packs of somewhat longer duration were ncccs- 
sary after the operations. Increased tolerance 
demonstrated further by a great reduction in t e 
quency of spontaneous attacks. One year ago s lor 
posure to ordinary winter weather invariably mewee 
hemoglobinuria, while during the present winter 
have been but three attacks in spite of prolonged p 
of exposure. 

The Donath and Landsteiner reaction was “ns.stcn 1 
positive before the first operation but became ncg. 
after that operation and has remained so. 

The observations indicate that the sympatlicfi > 
plays an important role in the pathogenesis o paro. 


READ before SECTION B 

abolic Studies of the Change in Body 
isiribntion of Body IPater Induced 
- Deficit of E.xtracclhdar Electrolyte. - y 
Darrow and (by invitation) Her:iian 

ew Haven, Conn. petm- 

ogs were subjected to losses of jf/j cc. 

by a technique previously describe • 
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per kilogram of body weight of 5 per cent solution of 
glucose was injected into the peritoneal cavity and after 
considerable electrolyte had diffused into the solution as 
much of the peritoneal fluid was removed as was pos- 
sible with a trocar. The dogs were fed a food con- 
taining little Na, K and Cl, and the serum and whole 
blood were analysed for electrolyte, and the balance of 
electrolyte determined over a number of days on the 
excreta. 

The data on the blood demonstrate that deficit of extra- 
cellular electrolyte (chiefly Na and Cl) produces a con- 
siderable decrease in the volume of the plasma and extra- 
cellular fluid. The loss of extracellular fluid is explained 
not by loss of water from the body but rather by shift 
of extracellular water into the cells. The blood studies 
show that this disturbance in the distribution of body 
water persists until the deficit of Na and Q is replaced. 
The body apparently does not compensate for decrease 
in extracellular electrolyte by decrease in intracellular 
potassium. Such losses of potassium as occur are ac- 
counted for by losses of nitrogen. Furthermore, elec- 
trolyte concentration remains reduced since the kidnqrs 
fail to excrete water in order to adjust electrolyte con- 
centration. The dogs show persistent signs and symp- 
toms of dehydration which is not accounted for by any 
loss of water but rather by the disturbance in the dis- 
tribution of body water brought about by the deficit of 
extracellular electrolyte. 

Magnesium Balances in Health and Disease. By Doe- 
OTHY Jf. Tibbetts (by invitation) and Joseph C. Acb, 
Boston, Mass. 

The normal partition of magnesium excretion on a 
constant diet has been established. As with calcium, 
magnesium is excreted more in the feces than in the 
urine. The addition of more magnesium in the diet in- 
creased excretion by both channels, but predominantly 
in the fecal excretion. It also obviously increases urinary 
calcium excretion. 

The production of an acid intake by the use of am- 
monium chloride and also the addition of various phos- 
phates did not usually affect magnesium output in urine 
or feces. The effect of hyperparathyroid disease and 
of parathormone has been carefully studied, and it is 
clearly demonstrated that calcimn and magnesium metab- 
olism are not similarly affected. Thus, magnesium ex- 
cretion remains comparatively constant, while calcium 
metabolism varies enormously. 

It is, therefore, clear that magnesium metabolism is 
not markedly affected by the agents which influence cal- 
cium exchange. 

The State of Calcium in the Blood m Nephritis and 

Uremia.^ By Fb.\xki,ix C. McLeax and Louis 

Leiter, Oiicago, 111. 

^Vhen the phosphate concentration of the blood is aug- 
mented in normal animals there is, first, formation- of a 

^ This work has been aided by a grant from the Josiah 
Macy, Jr., Foundation. 


colloidal calcium-phosphate complex, resulting in a fall 
in concentration ; and, second, removal of the com- 
ple.x from the blood, resulting in a fall in total calcium.- 
When Ca** concentrations as observed by the frog 
heart method arc compared with those calculated from 
total calcium and total protein, in cases of uremia with 
hyperphosphatemia, no indication of accumulation in the 
blood of a calcium-phosphate complex is found. In 
nearly every case, however, in which the inorganic phos- 
phate concentration of the serum exceeds 3.0 millimols 
per liter the Ca*+ concentration is depressed below the 
normal level, associated, in some cases, with tetany. No 
satisfactoiy further correlation between the phosphate 
level and the Ca** concentration has been found. 

These findings are best explained, qualitatively, by 
assuming that a colloidal calcium-phosphate complex is 
formed in the blood, in the presence of hyperphos- 
phatemia, and is removed from the blood as rapidly as 
formed. The quantitative relationships involved are not 
as yet clear. 

The Volume of the Extracellular Fluids. By P. H. 
Lavtetes, (bj' invitation) J. Bouedhxox and (by in- 
tation) J. P, Peters, New Haven, Conn. 

The extent of diffusion of sucrose, thioqyanate and 
inorganic sulfate in man and the time required for its 
completion have been determined. All three substances 
can be recovered quantitatively from the urine. Of the 
three, SCN alone enters red blood cells, and even this 
probably enters no other cells in the body. In normal 
subjects, sucrose and inorganic SO^ diffuse through ap- 
proximately 20 per cent of the body weight; SCN, 
through 22 per cent. This portion probably represents 
extracellular fluids of the body and changes when those 
fluids are expanded or contracted by varying the salt 
intake. One and one-half hours is sufficient for complete 
diffusion of sucrose; SCN and SO^ diffuse more rapidly. 
In 4 patients with advanced renal failure without edema, 
extraordinarily high values were attained, probably be- 
cause extracellular fluid had replaced wasted cellular 
tissue and fat- 

Studies of Hypoproteinemia and Proteinuria. By Hae- 
OLD A. Bulgee, St. Louis, Mo. 

Hypoproteinemia in nephritis usually continues and 
may remain relatively constant even with considerable 
nitrogen storage over a long time. That protein is not 
lost into extra-vascular fluids and then rapidly broken 
down has been indicated by a studj' of the amino adds 
of these fluids. The amino acid content is continually 
about the same as that of serum. An increased protein 
intake, although attended by an increased nitrogen stor- 
age, results in a greater proteinuria and unchanged plasma 
protein level. Indirect evidence of defective protein 
formation is presented. This with the variability of 
proteinuria is pictured as explaining the continued hypo- 
proteinemia. Factors influendng proteinuria are there- 

- McLean, F. C, and Hinrichs, M. A., Froc. -A.m, Soc. 
Biol. Chem., 1935 (in press). 
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fore important therapeutic considerations. Urea admin- 
istration, like comparable amounts of protein, may result 
in considerable nitrogen storage but increased proteinuria. 
Diuresis of alkaline potassium salts results in increased 
proteinuria. Sodium bicarbonate may cause an increase 
in protein excretion. Mercurial diuretics may increase 
the protein loss. The rise in nitrogen metabolism from 
insufficient calories was attended by greater proteinuria. 

EUminafion of Heat by Evaporation of Water from the 
Lungs m Heart Failure. By J. M. Steele, New York, 
N. Y. 

It has been shown that during heart failure the surface 
temperatures of certain individuals are low while after 
recovery they rise (Steele and Cohn). If identical en- 
vironmental conditions prevail less heat is radiated from 
the surface before than after recovery. Evidently heat is 
lost elsewhere. The result of this study suggests that 
the lungs redress the balance. 

The patients in a basal state were examined under 
relatively constant environmental conditions. They 
breathed into a Benedict-Roth spirometer supplied with 
a rotary pump. Water and CO^, eliminated by the lungs 
were taken up by CaCI^ and soda lime respectively and 
weighed. Consumption of oxygen was measured volu- 
metrically. The tests lasted 12 minutes. Duplicate 
measurements differed by less than 5 per cent. The ac- 
curacy of the apparatus was within 1.2 per cent (alcohol 
check lamp). 

In two normal persons and in two with arterial hyper- 
tension heat eliminated by vaporization of water from 
the lungs was found to vary from 9.5 to 12 per cent of 
the total heat produced by the body. These figures agree 
well with those of Benedict and Benedict (1926). In 
three cardiac cases, in which the surface temperatures 
were shown to be low during heart failure, the percentile 
values were thrice normal (30 to 35 per cent) and fell 
to normal (10 to 15 per cent) with recovery. In the 
fourth case, one of recent mild heart failure, the fall 
was not so marked (from 16 to 11 per cent), and the 
surface temperatures were not low. 

It is concluded that loss of water from the lungs in- 
creases during heart failure to a greater extent than 
does the general metabolism, acting apparently as a sub- 
stitute for radiation from the surface of the body. 

Effects of Aviino-acids on the Creatine Content of Rabbit 
Heart Muscle. By George Decherd (by invitation) 
and George Herrmann, Galveston, Texas. 

The isolated rabbit heart perfused with oxygenated 
Ringer-Locke solution will fail in 6 to 10 hours even to 
artificial stimulation and in spite of the removal of the 
CO„ from the perfusate and maintenance of the pH at 
the 'normal alkaline level. The creatine content of the 
heart muscle dropped when the pH of the perfusion fluid 
was allowed to fall below 7.3-7.5. Twenty-three normal 
hearts perfused for one minute to wash out the coronary 
system contained an average of 154 mgm. per cent (143- 
168 mgm. per cent) of creatine. Fifteen hearts perfused 
for one to eight hours beating spontaneously, or stim- 


ulated at a rate of 60 per minute to exhaustion, showed 
100-151 with an average of 123 mgm. per cent of cre- 
atine. Dried weight values were calculated for all hearts 
and were found to parallel the moist weight values. 
Glycocoll added to the perfusate in 100 mgm. per cent 
augmented the action of the hearts in 21 experiments 
but had no influence on the creatine content, which showed 
values of 103-159 with an average of 134 mgm. per cent. 
Glutamic acid was toxic in 100 mgm. per cent in the 
perfusate but, after 10 mgm. per cent was added to the 
perfusate, 4 hearts contained 108-134 with an average 
of 116 mgm. per cent of creatine. Arginine in 10 mgm. 
per cent was added in a similar series and gave 100-126, 
average 115 mgm. per cent; aspartic acid in 10 mgm, per 
cent in the perfusion fluid had little effect with creatine 
values of 108-148 with an average of 134 mgm. per cent; 
methyl-guanidine in 10 mgm. per cent was also without 
definite effect, since levels of 126-150 with an average of 
138 mgm. per cent were obtained; while with creatine 
itself the results were 125-161 with an average of 138 
mgm. per cent. d-l-Alanine, however, in SO or 100 mgm. 
per cent in the perfusate seemed definitely to raise the 
creatine content, the results in 20 experiments being 
136-205 with an average of 166 mgm, per cent. This 
amino-acid therefore appears to act as a sparer of cre- 
atine in the rabbit heart muscle under the conditions of 
our experiments. Myocardial infarction, regardless of 
the perfusate used, caused a very sharp drop in 
atine values, these being 51-99 with an average o 
mgm, per cent. 


'he Effect of E.vercise on the Blood Sugar of 
■ivith Diabetes Mellitus With and Without Instilm. by 
Alexander Marble and (by invitation) Rachel r • 
Smith, Boston, Mass. 

Exercise along with diet and insulin is an accept 
art of the present-day treatment of diabetes.^ Its a ' ’ 
y to lower the blood sugar of patients receiving 
! well recognized. That this beneficial effect 
ccur in an individual who is receiving an ‘ , 

mount of insulin is, however, not generally appreci 
erial determinations of the capillary blood suga 
oung diabetic patients were made in the car y mom ng 
efore insulin and breakfast. Suitable ^ Mn ro 
•ere obtained with the patient at rest, with and 
isulin, and with the patient exercising wit 
:sts done without previous insulin were uni 
lowing an unmistakable rise in the blood suga 
ig five or ten minute periods of moderate 
ing or using a rowing machine). This 
lough the initial blood sugar was as 7 ''. 

;nt as it was in one instance. „ jjcncfd 

lat in order for exercise to exert its , of 

, diabetic patients there must be an adequate uPPb 
isulin either of endogenous or exogenous orig • 

he Effect of Crude Lipoids on Antigentc FuncMU. 

Franklin M. PIa.vger, New York, N. . 

Numerous workers have demonstrated 
il state of an antigen plays an impor an 
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degree of antibody production. For example, egg albu- 
min adsorbed on alumina or calcium phosphate is more 
elective as an antigen than an equal amount of aqueous 
egg solution. This may be due in part to the avidity of 
the reticulo-endothelial system for particulate matter. 

Crude lecithin in non antigenic; it is, however, a most 
effective emulsifying agent and when injected into the 
tissues is readily taken up by clasmatocytes and other 
reticulo-endothelial cells. Elxpcriments were devised to 
determine if this substance, when mixed with antigens 
of various tj^pcs, can modify the immune response. 

.45 mg. crystalline egg albumin in solution, mixed with 
varj'ing amounts of crude Iiferck lecithin, was injected 
into guinea pigs. These animals were tested nineteen 
days later for anaphylactic response to egg albumin. 
Results show that when the egg sohilion was mixed with 
lipoids, an increase in sensitivity resulted. In this case 
the lecithin presumably acts as an adsorbant. Other 
animals were injected with similar amounts of albumin 
precipitated with alum and mixed in like manner with 
varying amounts of lecithin. The effect of the lipoid in 
this case was quite opposite. Its presence in suitable pro- 
portions inhibited the development of sensitivity when 
the antigen was in paniculate form. 

This problem has also been investigated in another 
manner. Six day chick embryos have been shown by 
Doehez and Kneeland to be relatively non-antigenic. 
This obsers-ation has been confirmed by injecting guinea 
pigs with various amounts of whole embryo in saline 
suspension and shocking the animal nineteen days later 
with the same material — only slight reactions were noted. 
WTien, however, the embryos were extracted with alco- 
hol, which removed most of the lipoids, the remaining 
material was highly antigenic. When the alcohol soluble 
portion was restored to the extracted fraction the mix- 
ture was relatively non-antigenic. 

The Clinical Significance of Chorea as a Manifestation 
of Rheumatic Fever; a Study in Prognosis. By Ed- 
ward F. Bland (by invitation) and T. Duckett Jones, 
Boston, Mass. 

An analysis of the prognostic significance of chorea as 
a manifestation of rheumatic fever has been made in 
1000 rheumatic fever and chorea subjects. The results 
do not confirm the general impression that Sydenham’s 
chorea is a grave manifestation of rheumatic fever. 

Chorea occurred in 482 patients. Of these (over an 
average period of 8 years) 72 per cent exhibited other 
rheumatic fever manifestations, while 28 per cent had 
chorea alone. 

The incidence of rheumatic heart disease in the above 
groups was; 

A. Rheumatic fever (without chorea) 86 per cenL 

B. Total chorea group 54 per cenL 
Further analysis of this group (B) : 

1. Chorea with other manifestations of rheumatic fever, 

73 per cent 

2. Chorea without other manifestations of rheumatic fe- 

ver, 3 per cenL 


The severe manifestations of rheumatic fever (espe- 
cially precordial pain, pericarditis, and congestive fail- 
ure) occur twice as frequently in patients having rheu- 
matic fever as in those having chorea in addition to 
rheumatic fever. 

Over an 8 year period death occurred in only 0.7 per 
cent of the cases with chorea alone; in 14 per cent in 
the rheumatic fever and chorea group; and in 32 per cent 
of the straight rheumatic fever group. 

Chorea is hence considered a mild manifestation of 
rheumatic fever and one not especially conducive to the 
development of rheumatic heart disease. 

Studies in Streptococcal Immunity: — Erysipelas. By 

Wesley W. Sfink (by invitation) and Chester S. 
Keeter, Boston, Mass. 

As a part of an investigation of the response of the 
body to ^-hemolytic streptococcal infection, patients with 
erysipelas have been studied. The investigation has been 
divided into two parts. 1. .A survey of the various epi- 
demiological, clinical features and course of the disease 
as it occurs in the Boston City Hospital. This included 
a review of 1400 cases with special reference to age 
and seasonal incidence, site of lesion, complications, 
mortality and factors influencing the outcome of the 
disease. 2. A small group of patients with erysipelas 
were studied to determine the time of the appearance 
of antibodies as measured by; (1) whole blood killing 
power; (2) anti-streptolysin; (3) anti-fibrinolysin ; (4) 
complement; (5) agglutination reactions; (6) skin re- 
actions. 

It was found that the general mortality in the group of 
patients with erysipelas was 162 per cent and this was 
influenced by age and debilitating diseases. The death 
rate was highest in the 1st, Sth, 6th and 7th decades, 
whereas the morbidity was highest in the 3rd and 4th 
decades. The highest death rate occurred under one 
year of age, and the lowest in the second and third dec- 
ades. With this information at hand, an attempt was 
made to determine the presence of antibodies in the 
circulating blood during the course of the disease. It 
was found that the whole blood killing power for the 
patient's own organism increased during and after the 
disease had subsided; there was also an increase in the 
anti-streptolysin titre of the blood serum and an in- 
creased resistance of fibrinolysis. There were no con- 
sistent fluctuations in the titre of the complement, but 
it was more common to obser\-e a diminishing titre in the 
blood serum during the course of the disease and a re- 
turn to the previous level following recovery. Aggluti- 
nins to the patient's own organism were not detected 
during or following recovery. The skin reactions to 
the streptococcal nucleoprotein showed a positive reac- 
tion in only 66 per cent of the cases. 

From the' observations so far it is possible to state 
that the recovery from erysipelas is associated with, and 
followed by, the development of antibodies to the in- 
fecting organism. There is, in addition, evidence that 
the presence of drculating antibodies will not prevent 
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the development of recurrent attacks of erysipelas nor 
prevent the invasion of the blood stream from the local 
lesion. Further studies are being carried out to gain 
more information regarding the recovery process and 
the immune mechanism involved. 

The Nature of the Secondary or "T” Process of the 

Electrogram of Cardiac Muscle. By A. Garrard Mac- 

LEOD, New York, N. Y. 

The normal form of the secondary or “ T ” process of 
the electrogram and the effect of local cooling on this 
process have been studied in the frog’s auricle. The re- 
sults obtained can be explained by a mathematical analy- 
sis similar in principle to that used by Wilson, Macleod 
and Barker in explaining the primary deflection of the 
electrogram of the dog’s auricle. However, a simple 
graphical scheme has been devised which has been found 
to be much simpler and more convenient. From this 
analysis it appears that the velocity of spread of both 
the primary and secondary processes is the same, but 
that the potential differences which give rise to the 
secondary or “ T ” deflection are of opposite sign, 
smaller magnitude and much longer duration than those 
which give rise to the primary deflection. While it was 
found convenient to use the frog’s auricle for most of 
the experiments upon which this work is based, it can 
be shown that the process is essentially the same in 
other varieties of cardiac muscle. It is believed, there- 
fore, that it will be possible to substitute for the purely 
empirical interpretation of the “ T ” deflection one which 
explains such changes as take place in it in terms of the 
velocity with which the process spreads and the magni- 
tude and duration of the potential differences which de- 
velop in the muscle units. 

Observations an the Components of Split First Heart 

Sounds. By Charles C. Wolferth and Alexander 

Margolies (by invitation), Philadelphia, Pa. 

We have recently presented evidence to indicate that 
when the first heart sound is split, there is asynchronism 
in ejection from the two ventricles. This finding may be 
regarded as supporting but not actually proving the 
postulate that one component of sound originates in each 
ventricle. In view of the fact that, as had been pre- 
viously shown, the loudness of the first heart sound is 
greatly influenced by the As-Vs time relation, it seemed 
possible to test the validity of the postulate in cases ex- 
hibiting both split first sounds and varying As-Vs inter- 
vals. Long strips of simultaneously recorded sound 
tracing and electrocardiogram were made in two cases 
with complete heart block, and split first sounds. In both 
of these cases it was noted that during a certain range 
of As-Vs time intervals the two sound components var- 
ied independently of each other. The variation in each 
component depended on its own time relation to auricular 
contraction. 

This behavior of the two sound components is in har- 
mony with the postulate that one component is produced 
in c.ich ventricle. As a matter of fact, the independent 


variations in the two components appear to exclude the 
possibility that both originate in the same ventricle. 

Fragmentary observations in other cases with split first 
heart sounds and varying As-Vs intervals showed be- 
havior similar to that of the two completely studied 
cases. Furthermore, in a case with a markedly pro- 
longed, but not split, first sound the largest recorded 
vibrations occupied the first or second half of the first 
sound depending on the As-Vs time relation. 

These observations support the view that the impor- 
tant duality of single as well as split first sounds con- 
sists of components contributed by the two ventricles. 


The Quantitative Relationship Between the Amount of 
the "Intrinsic Factor of Castle" and the Matnralm 
of Red Blood Cells in Patients with Pernicious Ane- 
mia. By S. M. Goldhamer (by invitation), Raphael 
Isaacs and Cyrus C. Sturgis, Ann Arbor, Mich. 

If the intrinsic factor of Castle is absent from the 
gastric juice of patients with pernicious anemia, there 
are two questions to be answered; (1) Why do any red 
blood cells mature in these patients? and (2) Why do 
these patients, in relapse, have different red blood cell 
levels? The secretion of gastric juice, with or without 
histamin injection, in 176 collections from 26 patients 
with pernicious anemia in relapse, was studied. The 
average secretion per hour in these patients was 20 cc. as 
compared with 150 cc. per hour in normal individuals 
under the same conditions. Gastric secretion collected 
from untreated patients with pernicious anemia was in- 
cubated with ground beef steak and then fed daily to 
two patients with pernicious anemia. A third pernicious 
anemia patient was given intramuscular injections 
own gastric juice. Data on the blood changes which^ o 
lowed are given. The response suggests that patients 
with pernicious anemia do secrete the precursor of tic 
hematopoietic stimulant, but it is deficient in quantity. 
Further analysis reveals a direct relationship between the 
gastric juice volume and the red blood cell Icvel^ in rc 
lapse, that is, the less the amount of gastric secretion, c 
lower the red blood cell count. 


Hematopoietic Maternal from Liver Active m Pennewu 

Anemia. By H. D. Dakin (by invitation) and 

West, New York, N, Y. 

The preparation from commercial I'^er extract ^ 
products clinically active in causing remission m 
licious anemia is described. The method is ase , 
-emoval of much relatively inactive material by p 
:ation with alcoholic calcium acetate, followed > P ^ 
:ipitation of the active material with • 

iecomposition of the Reineckate requires spccia j 

vhich are described. Subsequent puri cation 
jy "salting out” the active material mt 
mlfate and later by the use of cither magncMU 
jr of flavianic acid. Thirty mgm. of ^ 
i perceptible reticulocyte response ^ ^ ^ -..,^1 re- 

inemia patients while 80 mgm. have given a 
iponsc. 
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Under suitable conditions substantially the whole of 
the active material is prccipitable by ammonium sulfate 
since none could be recovered from the filtrate. Precipi- 
tation in the magnesium sulfate is quantitatively less 
complete. The jaeld of purified product approximates 1 
per cent of the dry liver e.xtract. 

The clinical activity of the products is readily abol- 
ished by exposure to cold sodium hydroxide and by 
boiling for 1 hour with sulfuric acid and also by 
salts of hea\-y metals. Exposure to alkali involves ex- 
tensive racemization. 

On hydrolysis of the active material the following 
products were obtained, (a) An aminohexose similar to 
glucosamine but not definitely identified as such. It gave 
phenylglucosazone on treatment with phenylhj-drazine 
and pjTrol derivatives on condensation ^vith acetylacetone 
and ammonia on treatment ts-ith alkali. Chondrosamine 
was absent (&) The following amino acids were pres- 
ent in all preparations so far obtained: lysine, arginine, 
glydne, leucine, hydroxj-, proline, aspartic acid. Crude 
preparations contained in addition histidine, glutamic 
acid, gls’cine and possibly traces of phenjdalanine. No 
other carbohydrate or amino acid groupings were de- 
tected. The product, unlike glucosamine, gives a positive 
Molisch reaction, but we find that glucosamine peptides 
behave similarly. Pj-rimidine or purine bases were ab- 
sent No claim to strict chemical individuality is ad- 
vanced since the separation of aminohexose polypeptides 
must of necessity be extremely difficult 

The Multiple Nature of the Pernicious Anemia Principle 

fn Liver. By Cyrus H. Fiske (by invitation) and Y. 

SuBB.vRow (by invitation), and Bernard M. Jacobson, 

Boston, Mass. 

A preliminary report of the response of the guinea 
pig’s reticulocytes to materials which are effective in 
pernicious anemia was presented before this society last 
j’ear. Since that time the indirect evidence that the 
guinea pig’s response is related to substances which are 
concerned with human hematopoiesis has been strength- 
ened by the fact that the liver of a second patient, dying 
in a relapse of pernicious anemia, has proven quantita- 
tively almost completely inert in the guinea pig. 

But in addition to the indirect e^ndence for the validity 
of the guinea pig phenomenon, more direct evidence has 
been obtained. During the past few years work has been 
in progress on the isolation from the liver of the thera- 
peutically active substances. The successive liver frac- 
tions derived by chemical procedures have been tested on 
both guinea pigs and on patients. Both methods of test- 
ing j-ielded corresponding results, as long as a high de- 
gree of purification was not attained. But on further 
purification, fractions were obtained which were positive 
in ^e guinea pig, but which were devoid of therapeutic 
actiUty. To date there have been separated from liver 
at least three different fractions, of which two have been 
brought to a crystalline state. The separate guinea pig 
activities of each of the three fractions total about 95 
per cent of the guinea pig activity of the crude liver 


extract used as a starting point in the separation. Each 
of the three fractions exhibits a quantitatively different 
degree of guinea pig activity, but each fraction, when 
separately administered by the intramuscular route to the 
patient suffering from pernicious anemia, is therapeuti- 
cally cornpletely inert. On the other hand, a mixture of 
the fractions is therapeutically highly active. 

The above facts furnish, therefore, direct evidence for 
the biological validity of the guinea pig phenomenon and 
indicate that the therapeutic action of liver in pernicious 
anemia depends upon the combined effect of at least two 
substances. 

The Relation of Fluetuations in the Number of Reticulo- 
cytes in the Guinea Pig to the Injection of Liver Ex- 
tract. By Louis S, (joodxian (by invitation), Arthur 
J. Geiger (by invitation) and Theodore G. Klusipp, 
New Haven, Conn. 

In the last proceedings of this Society, Jacobson de- 
scribed a “ pernicious anemia-like state ” In the guinea 
pig in which a spedfic reticulocj-tosis was induced in 
certain of the animals by the injection of potent liver 
extracts. 

In attempting to utilize this phenomenon for the assay 
of liver extracts we found that when suitable animals 
with low reticulocyte counts were injected wn'th potent 
extracts, a reticulocj-te increase followed in 40 per cent 
of the experiments. However, the same response oc- 
curred in reactive animals after the injection of normal 
saline. Moreover spontaneous abrupt increases in the 
number of reticulocytes were so common that eventually 
the tenuous distinction between reactive and non-reactive 
animals u-as usually destroyed. It seemed highly prob- 
able that all the reactions were either non-spedfic or 
spontaneous in nature. A total of 141 tests on 69 
guinea pigs was made. 

On theoretical grounds there is no physiological basis 
for the devdopment of a reticulocytosis after liver in 
guinea pigs with normal blood counts, any more than 
that such a phenomenon should occur in normal human 
beings or in pemidous anemia patients with normal 
blood counts. Moreover the spontaneous fluctuations in 
the number of reticulocytes in the normal guinea pig 
are of such a character that the use of this phenomenon 
for the bioassay of liver extracts is extremely hazardous. 

Physiological "Macrocytic Anemia” of the Fetus. By 
M. M. WiXTROBS and (by invitation) H. B. Shu- 
MACKEE, Jr., Baltimore, Md. 

It is well known that the red corpuscles of the new- 
born are larger than those of the normal adult. Little 
study has been made, however, of the size and number 
of the corpuscles in the fetus. Examination of the blood 
of feti of man, the pig, rabbit, rat, cat and dog, has re- 
vealed that macrocytosis is more marked and the red 
cell count is lower, the less mature the fetus. In com- 
parison with the blood of the adult, there is found in the 
fetus what may be called “macrocytic anemia.” As the 
fetus develops, the erythrocj-te count rises and the size 
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of tKe cells diminishes. The proportion of nucleated red 
corpuscles decreases rapidly, but the percentage of retic- 
ulocytes falls more slowly. In many respects, the blood 
of the mammalian fetus resembles that of cases of per- 
nicious anemia which are being subjected to an effective, 
continuous and extremely potent stimulus. It seems 
plausible that this stimulation is afforded by a substance 
similar to, or identical with, the antianemic principle of 
Castle. Since, presumably, there is no gastric digestion 
in the fetus and no combination of “ intrinsic ” and “ ex- 
trinsic ” factors occurs, it is probable that the effective 
material passes from the stores of the mother to the 
fetus through the placental circulation. The biologic 
relationship of fetal hematopoiesis and that observed in 
pernicious anemia during liver therapy is being investi- 
gated. 

The Effect of Irradiation on Platelet Production in Pa- 
tients with Essential Thrombocytopenic Purpura Hem- 
orrhagica. By Stacy R. Mettier and (by invitation) 
Robert S. Stone, with the technical assistance of 
Katherine Purviance, San Francisco, Cal. 

Six patients with essential thrombocytopenic purpura 
comprised a series for this study. Prior to treatment the 
platelets were about 10,000 per cu. mm. in one patient 
and varied between this figure and 40,000 in the others. 
All patients received x-ray therapy over the spleen of 
200 R units, and in one patient who had a recurrence of 
symptoms 300 R units were later used. The patients re- 
ceived a total of from 1260 to 3300 R units. Four of 
these patients showed an increase in platelet production 
beginning within 24 hours and going up as high as from 
250,000 to 400,000 per cu. mm. in 4 to 5 days. In one 
patient with chronic thrombocytopenia of two years du- 
ration no effect was shown following liver extract ther- 
apy, multiple transfusions, large doses of iron and 
ammonium citrate daily, high calcium diet, spleen mar- 
row or Lextronj but a definite rise in platelets occurred 
following x-ray treatment. In one patient a high pro- 
tein diet failed to increase platelet production, but there 
was a rise after x-ray treatment. In two patients no in- 
crease of platelets was produced by x-ray, ascorbic acid, 
anti-vennin, multiple transfusions or splenectomy, and 
the patients died as the result of hemorrhage. 

The Haematology in Multiple Sclerosis. By Philip Sol- 
omon (by invitation), Mary E. Dailey (by invita- 
tion) and Tracy J. Putnam, with the technical assist- 
ance of Ruth G. Coughlan, Boston, Mass. 

Various features of the blood have been studied in pa- 
tients with multiple sclerosis. It has been shown that the 
blood clotting time decreases following such stimuli as 
subcutaneous adrenalin or intravenous typhoid vaccine, 
and that the decrease is more marked and more prolonged 
in patients with multiple sclerosis than in control patients. 
Further studies have been made in the endeavor to throw- 
light on this increased lability of the blood clotting time. 
The following chemical determinations were made and 
found to be normal ; sodium, chloride, calcium, phos- 


phorus, fluorin, nonprotein nitrogen, total protein, albu- 
min, globulin, albumin-globulin ratio, total solids and 
sugar. Analyses of the arterial and venous blood oxygen 
and carbon dioxide content were also ivithin normal 
limits. The blood fibrin content was found to be high in 
a large proportion of the patients with multiple sclerosis. 
The blood platelets were frequently found to be in- 
creased in these patients. Prothrombin determinations 
were within normal limits. Brickner’s experiments on 
blood lipase were repeated, and the results found to be 
inconclusive. 

The abnormal gold sol curve in the spinal fluid of mul- 
tiple sclerosis was shown to be due to the globulin con- 
tained therein. Since the blood globulin is not increased 
in multiple sclerosis, a qualitative study of the globulin 
is in progress. It has already been shown that solutions 
of blood globulin from patients with multiple sclerosis 
produce “paretic” gold sol curves, as compared to mod- 
erate “ mid-zone ” curves obtained from solutions of 
globulin from control patients. 

These findings lend support to the hypothesis that mul- 
tiple sclerosis is a disease due to multiple small venous 
thrombi in the central ner\'ous system. 


Nutritional Deficiency and Water Retention in the To.'c- 
cmias of Pregnancy. By Maurice B. Strauss, Bos 
ton. Mass. 

Water retention is generally recognized as a common 
concomitant of true toxemia of pregnancy and pro a > 
occurs to a certain extent in normal pregnancy. T rcc 
of the many factors involved in water retention in the 
non-pregnant individual, the oncotic pressure of_ the 
plasma proteins, the venous pressure, and the nutritiona 
state, have been investigated in pregnancy. 

The average oncotic pressure of the plasma pro cin 
in 10 patients with eclampsia was 175 rnm. of 
20 patients with non-convulsive toxemia of pregna > 
215 mm. ; in 15 normal pregnant women who had P- - 
taken of low protein diets 232 mm.; and m 1 

pregnant women who had eaten 60 to 100 grams 
tein daily, 258 mm. 

The average venous pressure of 20 normal P 
women was 10 cm. of water and of 20 women w 
convulsive toxemia of pregnancy 13.3 cm. o 
a statistically insignificant difference. 'C 
venous pressure of both groups, however, va 
double that of normal non-pregnant subjects. 

Dietary histories of the 20 women , ^ver 

toxemia revealed low protein intakes, 
a period of years. Gastro-intest.nal 
common. Fifteen of these women were 
sisting of 260 gms. of protein, 150 8™®- ° ‘ 

and 70 grams of fat. This included 300 gr. ^ 
liver pulp daily. Ten of the women and oi 

muscular injections of vitamin B, con 
liver extract of the type commonly emp o>c . t'J 

ment of pernicious anemia. This materia i - ‘ 
contain fractions of the vitamin B comp ex not 
in the B, concentrate. These injections . 
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cause of a possible relationship between a deficiency of 
vitamin B and water retention such as may occur in beri- 
beri. Edema disappeared and weight was lost uniformly 
by these 15 patients. In no ease did the arterial blood 
pressure rise, nor was there any fetal mortality after 
the institution of this treatment Headache and visual 
disturbances abated. Albuminuria did not increase. Tlte 
non-protein nitrogen of the blood did not rise above 35 
mgm. per 100 cc. The oncotic pressure of the plasma 
proteins rose an average of 7 per cent 
Five of the 20 women with non-convulsive toxemia 
of pregnancy were given a diet containing 20 grams of 
protein, -400 grams of carbohydrate and 65 grams of fat. 
Two patients improved, the arterial blood pressure falling 
to within normal limits, one patient’s condition was un- 
changed, and two showed increasing albuminuria and a 
further eles-ation in the arterial blood pressure. Weight 
changes were not significant. The oncotic pressure of 
the plasma proteins fell an average of 9 per cent. 

These observations suggest that water retention occurs 
in certain cases of toxemia of pregnancy as a result, 
among other factors, of a decreased oncotic pressure 
of the plasma proteins, and that this may probably be 
relieved or prevented in many instances by the adminis- 
tration of a diet rich in protein and containing all other 
nutritional factors. 

Studies cut the Urinary Proteins Found m Cases of So~ 
called Orthostatic Albuminuria. By Lay Martin, Bal- 
timore, Md. 

In the urine of patients diagnosed as having ortho- 
static albuminuria and in that of one having albuminuria 
of years duration, it has been found that the protein 
present is not albumin. It falls within the class of 
globulins or gluco-proteins, since a carbohydrate radical 
is constantly in association with it. It has been isolated 
in a sufficiently pure form for the determination of com- 
ponents; the iso-electric point has been determined, and 
it has been crystallized. Qualitative studies have been 
carried out on the so-called acetic acid body often found 
in the urine of these cases. This also has protein charac- 
teristics and is intimately associated with the carbohydrate 
radical. Full case records of all patients are on hand. 

Experimental Agranulocytosis. By W. B. Chew (by 
invitation), John S. L.\ whence, and D. J, Stephens 
(by invitation), Rochester, N. Y. 

A leucotoxic serum was produced by immunizing rab- 
bits intravenously wth a suspension of guinea pig leuco- 
cjTes containing seventy-five to ninety per cent ampho- 
philes. Hemolysins were absorbed from the anti-serum 
with guinea pig red blood cells. 

Four guinea pigs were given intracardial injections 
of this anti-serum. The amphophiles disappeared from 
the blood within five minutes. 

Fifty guinea pigs were given a single intraperitoneal 
injection of this anti-serum. The amphophiles disap- 
peared within one to seven hours and began to reaccumu- 
late in thirty to forty-eight hours. Their reappearance 


was not preceded by the appearance of myelocytes or 
stab forms. 

Four guinea pigs received repeated intraperitoneal in- 
jections at various intervals in doses from 0.5 cc. to 2.0 
cc. Observations upon these animals demonstrated that 
successive injections of the same amount of anti-serum 
had less and less effecL When the dose of anti-sennn 
was increased the original effect was obtained- This 
tolerance could not be removed by administering a de- 
sensitizing dose of normal rabbit serum. 

Two animals received daily intraperitoneal injections 
in gradually increasing amounts. This prolonged the 
absence of amphophiles to four days, after which they 
appeared in increasing numbers in spite of continued in- 
jections. 

In all animals the number of lymphocytes in the blood 
was somewhat decreased during the period of maximum 
effect of the anti-serum. The monocytes, eosinophiles, 
and basophiles behaved as they do after injections of 
normal rabbit serum. The number of red blood cells 
and platelets and the body weight were not significantly 
affected. 

The amphophiles which had disappeared from the blood 
could not be found in the tissues of animals sacrificed 
immediately after their disappearance. 

Differential cell counts on the bone marrow of injected 
animals disclosed almost complete absence of adult 
amphophiles and a decreased percentage of myelocytes at 
the end of twenty-four hours. Observations on the bone 
marrow of repeatedly injected animals disclosed a marked 
myeloid hyperplasia with a percentage of adult ampho- 
philes which corresponded to the effectiveness with which 
anti-serum was controlling the number of amphophiles 
in the peripheral blood. 

Microscopic examination of the tissues of injected 
animals revealed lymphoid and endothelial hyperplasia 
in the spleen and lymph nodes. There was no definite 
morphological evidence of damage to other body cells. 

The Cellular Constituents of Normxil Human Synovial 
Fluid toith a Consideration of Influencing Factors. By 
Charles F. Warren (by invitation), Granville A. 
Bennett (by invitation) and Walter Bauer, Boston, 
Mass. 

Cytologic examinations have been made on 150 synovial 
fluids obtained from human knee joints immediately after 
death from individuals who had had no joint symptoms. 
Wide variations in the mmiber of nucleated cells and 
in the percentage of individual cell types were observed. 
This and additional data are presented in an attempt 
to establish what variations in the total number of 
nucleated cells and individual cell type percentages can 
occur and still be within the limits of so-called normal. 
Thus it has been shown: 

1. That postmortem intra-articular cellular migration 
may take place but is not associated with significant 
variations in cell percentages or any increase in poly- 
morphonuclear leucocjTes. 

2. That an increase in the number of circulating leuco- 
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cytes or a marked polymorphonuclear leucocytosis can 
occur without any reflection of such variations in the 
synovial fluid cytology. 

3. That the increased number of nucleated cells and 
percentage of phagocytic cells observed in certain in- 
stances is best explained by the increased amount of 
debris resulting from the cartilage defects present. 

4. That an increase in the total amount of synovial 
fluid, as occurs in oedematous patients, results in a re- 
duction of the total number of nucleated cells per cubic 
millimeter. 

5. That high total cell counts and high polymorpho- 
nuclear leucocyte percentages are observed in the synovial 
fluids obtained from patients dying with any type of 
severe infection. 

Thus, by selecting the synovial fluids obtained from 
patients who had neither oedema nor infection, one is 
able to construct a table showing the minimal, maximal 
and average number of nucleated cells as well as indi- 
vidual cell percentages contained in normal synovial fluid. 
The variations which still occur are best explained as be- 
ing due to the degree of wear and tear, minor traumata 
or irritants, to any one of which all joints must be sub- 
jected from time to time. 

Knowing the cytological variations which can occur in 
normal synovial fluid and synovial fluid obtained from 
patients with severe infections, we shall be better able 
to evaluate the cytological variations we have observed 
in joint effusions in the various arthritides. Whether 
this information will allow for a better interpretation of 
the joint aches and pains so often complained of in in- 
dividuals with acute infections will depend upon whether 
or not studies now in progress will show that synovial 
membrane changes are regularly associated with varia- 
tions in the synovial fluid cytology. 

READ BY TITLE 

The Scat of the Disturbance of Carbohydrate Metabolism 

in Hyperthyroidism. By T. L. Althausen and (by 

invitation) G. E, Wever, San Francisco, Cal. 

A review of available data on the respiratory quotient, 
arteriovenous blood sugar difference and behavior of 
inorganic phosphates of the blood in hyperthyroidism in- 
dicates increased utilization of sugar by the tissues. This 
speaks against pancreatic insufficiency as the cause of 
reduced dextrose tolerance in hyperthyroidism, because 
diabetes mellitus is characterized by reduced utilization 
of sugar. 

After ingestion of 40 grams of galactose, the dextrose 
and galactose fractions of the blood were followed in 
normal individuals, in patients with hyperthyroidism, 
with diabetes, and with hepatic diseases. 

Results: 1. A greater than normal increment of dex- 
trose occurred after 5 minutes in patients with hyper- 
thyroidism and with diseases of the liver, while patients 
with diabetes responded normally. 2. Tolerance to galac- 
tose was consistently reduced in hyperthyroidism and in 
hepatic disease, whereas in diabetes it was normal. 

Thyroidectomy corrected the abnormalities observed 


after ingestion of galactose. Psychic factors were ruled 
out by control experiments with saccharin. 

Conclusions: Our findings point to the liver as the chief 
seat of the disturbance of carbohydrate metabolism in 
hyperthyroidism. This is confirmed by liver function 
studies and pathological data. Dextrose therapy, espe- 
cially as a preoperative measure, is indicated on this basis 
and is supported by favorable clinical evidence. 


Group Examinations for Pulmonary Tuberculosis. By 
Robert G. Bloch and (by invitation) Byron F. 
Francis and Grace Hiller, Chicago, III. 

The absence of symptoms does not indicate the absence 
of pulmonary disease; physical examination is not ade- 
quate in ruling it out. The gradual recognition of these 
facts has led to roentgenological group examinations in 
increasing numbers. The superiority of such examina- 
tions as against group testing methods with tuberculin 
is discussed. 

Four thousand adults, students and employees, were 
examined by fluoroscopy or chest films at the University 
of Chicago. The definite classification of findings as 
to the activity of diagnosed lesions demands a period of 
at least six months. A detailed classification comprising 
the medical aspects of the management of patients has 
been worked out. The percentage of active tuberculosis 
in our group was 1.2 per cent. Observations were made 
on the occurrence of healed (calcified) pulmonary tuber- 
culous lesions (Ghon’s tubercles). The incidence of suci 
lesions was found to be considerably less in the younger 
individuals than in the older ones. This observation, 
which should be verified in a larger group tends to throw 
a new light on the significance of calcifications as to 
infection and reinfection with tuberculosis. The possi 
bility that many of the calcified small lesions are no 

to adult reinfection seems great. 

The group examinations were extended to those wi 
had been in close contact with the individuals 
have active tuberculosis. This procedure was 
on the basis of our experience that the great majori 
of cases of adult tuberculosis are due to a ' 

exogenous superinfection, rather than to a reviva o 
sions acquired during childhood. , 

Roentgenological group examinations of the gci * 
population, chiefly of industrial and other specja g 
are recommended. 


The Familial Nature of Blood Pressure Reac^ 
Studied by a Standard Stimulus (Cold). By 
E. Brown and (by invitation) Edgar A. 


L, Rochester, Minn. .^1 

constant abnormality found in all cases 
:rtension has been an excessive response o 
sure to stimulation. A standard test, ‘ 
of stimulus (ice water at S® C), has j,, 

measuring this response. This test, v icn ‘ ‘ 
rge number of normal subjects, those su 
ous types of disease, and those having ‘ 
ion, shows that there are two t>pes o 
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hypo-reactors, or “ normal reactors,” and hyper-reactors. 
Members of families of two, three and four generations 
have been tested by this method, and tiic familial or con- 
stitutional nature of this characteristic over-response is 
demonstrated in a remarkable degree. Likewise, the con- 
stitutional nature of the hypo- or “normal” reaction 
shows similar familial diaracteristics. 

A Sltidy of the Mcchamsvi of Circulatory Insufficiency 
in Sclerodactylia. By Mvron Prixzmetai. (introduced 
by W. B. Castle), Boston, Mass. 

Raj-naud’s disease associated with sclerodactylia is more 
severe clinically, presents a more difficult therapeutic 
problem and has different experimental vascular reac- 
tions Ilian Raj-naud’s disease without sclerodactjdia. We 
propose that the tight skin in sclerodactylia has a con- 
stricting effect on the circulation of the fingers and 
thereby is an important factor in explaining these differ- 
ences between Rajiiaud’s disease with normal skin and 
Raynaud’s disease with sclerodactj-lia. 

In sclerodactj-lia the areas of greatest circulatory de- 
ficiency, as determined by skin temperature, occur where 
the pressure from the skin is greatest. If the skin is 
relaxed, a definite rise in temperature takes place which 
disappears when the skin is taut. In 3 cases in which uni- 
lateral sympathectomy was performed, no substantial 
increase in skin temperature occurred, since the tight skin 
prevented the denervated .vessels from opening. 

If a tight binding (finger of a small rubber glove) 
of about the same intensitj- as the tight skin in sclero- 
dactjdia is placed on a normal digit, the abnormal vas- 
cular reactions obtained by Lewis may be duplicated. 
We found by this method that the skin assumes and 
follows room temperature, does not have the vasodilator 
reaction upon exposure to cold and has smaller plethys- 
mographic oscillations. Vasodilator impulses induced by 
the Landis test cause slight or no increase in skin tem- 
perature. 

In sclerodactylia or in an experimentally boimd nor- 
mal finger, intermittent suction causes an increase in 
skin temperature, even though sympathectomy has failed 
to increase the flow. The mechanism of improvement is 
probablj- due to relaxation of the tight skin. 

Cerebral Circulation; Constriction of Pial Vessels in the 

Unanestheticed Cat Produced by Stimulation of the 

Cervical Sympathetic Chain. By Cakoune Bedeu, 

Thomas (by invitation) and Stanley Cobb, Boston, 

Mass. 

1. A method is described whereby it is possible to 
study changes in calibre of the pial vessels in unanes- 
thetized cats. 

2. Stimulation of the cervical sjmpathetic chain in un- 
anesthetized cats was followed by slight constriction of 
the ipsilateral pial arterioles (average 6.7 per cent). 

3. The constriction observed in unanesthetized cats was 
of the same order of magnitude and in no case greater 
than that reported in anesthetized cats. 

The results obtained in this small series so closely re- 


semble those reported by Forbes and Wolff in anes- 
thetized cats that it seems unlikely that anesthesia of the 
types they used lessens constriction of the pial arteries. 

Experimatiai Bundic-Branch-Block in the Rkestts 
Monkey. By J. Hamilton Ceawtord, and (by invita- 
tion) George H. Roberts and David I. Aee.am£on, 
Brooklyn, N. Y. 

Uncertainty concerning the electrocardiogram in bundle- 
branch-block is related to experimental work of Lewis. 
A basic experiment in the formation of his view was 
transection of the right branch in a monkey. The report 
contained a chart representing the chief initial deflections 
directed upward in Lead I and downv/ard in Lead III. 
It seemed important to repeat this experiment. 

Twelve monkeys were used. .A.fter control electro- 
cardiograms the branch was cut. Four experiments were 
completely successful. The others were discarded be- 
cause of even minimal damage to the opposite septal 
wall. In no instance were curves obtained inconsistent 
with those described. The left branch was divided twice. 
In one, subsequent histological examination showed com- 
plete division with the right intact. Characteristic curves 
were obtained, the chief im'tial deflections being upward 
in Lead I and downward in Lead III. Ventricular extra- 
systoles, after stimulating the opposite ventricle, were 
identical The right division was cut twice also. In one, 
discordant curves were obtained with the chief initial de- 
flections downward in Lead I and upward in Lead III. 
The second showed concordant curves with the main de- 
flections downward in all leads. These curves support 
the more recent interpretation, opposite to the earlier 
vieWi 

Parathyroid Autotransplantation in the Dog: Evaluation 
of Holsted’s Law of Deficiency. By Phiup Sham- 
B.AUGH (by invitation) and Elliott C. Cutler, Boston, 
Mass. 

A series of parathyroid transplantation experiments in 
dogs was undertaken to test the validity of the “law of 
deficiency ” which was proposed by Halsted some twenty- 
five years ago and which has been widely accepted since 
that time. Halsted concluded, as a result of experimental 
studies, that the autotransplant would not survive unless 
a parathyroid deficiency of more than fifty per cent had 
been created. He also found that parathyroid tissue 
transplants in excess of what was urgently required by 
the organism did not survive. 

In our experiments the parathyroid deficiencj- at the 
time of transplantation was varied from tv.-entj--five to 
one himdred per cent. After varying intervals the grafts 
were excised and examined microscopically. Although 
there were a certain number of failures in each group, 
we found that the graft survived and in many instances 
retained its original size and structure for periods up to 
three months in experiments where the parathyroid de- 
ficiency was onlj* twenty-five or fifty per cent as well 
as in experiments where it was seventj--five or one hun- 
dred per cenL Moreover, we found that two separate 
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cytes or a marked polymorphonuclear leucocytosis can 
occur without any reflection of such variations in the 
synovial fluid cytology. 

3. That the increased number of nucleated cells and 
percentage of phagocytic cells observed in certain in- 
stances is best explained by the increased amount of 
debris resulting from the cartilage defects present. 

4. That an increase in the total amount of synovial 
fluid, as occurs in oedematous patients, results in a re- 
duction of the total number of nucleated cells per cubic 
millimeter. 

5. That high total cell counts and high polymorpho- 
nuclear leucocyte percentages are observed in the synovial 
fluids obtained from patients dying with any type of 
severe infection. 

Thus, by selecting the synovial fluids obtained from 
patients who had neither oedema nor infection, one is 
able to construct a table showing the minimal, maximal 
and average number of nucleated cells as well as indi- 
vidual cell percentages contained in normal synovial fluid. 
The variations which still occur are best explained as be- 
ing due to the degree of wear and tear, minor traumata 
or irritants, to any one of which all joints must be sub- 
jected from time to time. 

Knowing the cytological variations which can occur in 
normal synovial fluid and synovial fluid obtained from 
patients with severe infections, we shall be better able 
to evaluate the cytological variations we have observed 
in joint effusions in the various arthritides. Whether 
this information will allow for a better interpretation of 
the joint aches and pains so often complained of in in- 
dividuals with acute infections will depend upon whether 
or not studies now in progress will show that synovial 
membrane changes are regularly associated with varia- 
tions in the synovial fluid cytology. 

READ BY TITLE 

The Scat of the Disturbance of Carbohydrate Metabolism 

in Hyperthyroidism. By T. L. Althausen and (by 

invitation) G. E. Wever, San Francisco, Cal, 

A review of available data on the respiratory quotient, 
arteriovenous blood sugar difference and behavior of 
inorganic phosphates of the blood in hyperthyroidism in- 
dicates increased utilization of sugar by the tissues. This 
speaks against pancreatic insufficiency as the cause of 
reduced dextrose tolerance in hyperthyroidism, because 
diabetes mellitus is characterized by reduced utilization 
of sugar. 

After ingestion of 40 grams of galactose, the dextrose 
and galactose fractions of the blood were followed in 
normal individuals, in patients with hyperthyroidism, 
with diabetes, and with hepatic diseases. 

Results: 1. A greater than normal increment of dex- 
trose occurred after 5 minutes in patients with hyper- 
thyroidism and with diseases of the liver, while patients 
with diabetes responded normally. 2. Tolerance to galac- 
tose was consistently reduced in hyperthyroidism and in 
hepatic disease, whereas in diabetes it was normal. 

Thyroidectomy corrected the abnormalities observed 


after ingestion of galactose. Psychic factors were ruled 
out by control experiments with saccharin. 

Conclusions: Our findings point to the liver as the chief 
seat of the disturbance of carbohydrate metabolism in 
hyperthyroidism. This is confirmed by liver function 
studies and pathological data. Dextrose therapy, espe- 
cially as a preoperative measure, is indicated on this basis 
and is supported by favorable clinical evidence. 


Group E.vaminations for Pulmonary Tuberculosis. By 
Robert G. Bloch and (by invitation) Byron F. 
Francis and Grace Hiller, Chicago, 111. 

The absence of symptoms does not indicate the absence 
of pulmonary disease; physical examination is not ade- 
quate in ruling it out. The gradual recognition of these 
facts has led to roentgenological group examinations in 
increasing numbers. The superiority of such examina- 
tions as against group testing methods with tuberculin 
is discussed. 

Four thousand adults, students and employees, were 
examined by fluoroscopy or chest films at the University 
of Chicago. The definite classification of findings as 
to the activity of diagnosed lesions demands a period of 
at least six months. A detailed classification comprising 
the medical aspects of the management of patients has 
been worked out. The percentage of active tuberculosis 
in our group was 1.2 per cent. Observations were made 
on the occurrence of healed (calcified) pulmonary tuber- 
culous lesions (Ghon’s tubercles). The incidence of suci 
lesions was found to be considerably less in the younger 
individuals than in the older ones. This observation, 
which should be verified in a larger group tends to throw 
a new light on the significance of calcifications as o 
infection and reinfection with tuberculosis.^ The possi 
bility that many of the calcified small lesions are uc 
to adult reinfection seems great. 

The group examinations were extended to those \\ 
had been in close contact with the individuals ° 

have active tuberculosis. This procedure was , 

on the basis of our experience that the great majo u) 
of cases of adult tuberculosis are due to a runs > 
exogenous superinfection, rather than to a reviva 

sions acquired during childhood.^ ^ trencral 

Roentgenological group examinations o e 
population, chiefly of industrial and other specia 
are recommended. 


The Familial Nature of Blood Pressure Rea > 
Studied by a Standard Stimulus {Cold), hy 
E. Brown and (by invitation) Edgar A. 


Jr., Rochester, Minn. .^1 

A constant abnormality found in ail cases o 
■pertension has been an excessive response o 
essure to stimulation. A evolved 

pe of stimulus (ice water at 5^ C), ‘ ppijfd to 

r measuring this response. This test, v > jyi.rr. 

large number of normal subjects, t lose 
rious types of disease, and those having css 
ision, shows that there arc two tv pcs 
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hypo-rcactors, or “normal reactors,” and hyper-reactors. 
Members of families of two, three and four generations 
have been tested by this method, and the familial or con- 
stitutional nature of this characteristic over-response is 
demonstrated in a remarkable degree. Likewise, the con- 
stitutional nature of tlie hypo- or “ normal ” reaction 
shows similar familial characteristics. 

A Study of the Mechanism of Circulatory Insufficiency 
in Sclerodactylia. By Myron Prinzmet.\l (introduced 
by W. B. Castle), Boston, Mass. 

Raj-naud’s disease associated with sclerodactylia is more 
severe clinically, presents a more difficult therapeutic 
problem and has different experimental vascular reac- 
tions than RajTiaud’s disease without sclerodact>-lia. We 
propose that the tight skin in sclerodactylia has a con- 
stricting effect on the circulation of the fingers and 
thereby is an important factor in e.xplaining these differ- 
ences between Raynaud’s disease with normal skin and 
Raj-naud’s disease with sclerodactylia. 

In sclerodactj'lia the areas of greatest circulatory de- 
ficiency, as determined by skin temperature, occur where 
the pressure from the skin is greatest. If the skin is 
relaxed, a definite rise in temperature takes place which 
disappears when the skin is taut. In 3 cases in which uni- 
lateral sjTnpathectomy was performed, no substantial 
increase in skin temperature occurred, since the tight skin 
prevented the denervated .vessels from opening. 

If a tight binding (finger of a small rubber glove) 
of about the same intensity as the tight skin in sclero- 
dactj'lia is placed on a normal digit, the abnormal vas- 
cular reactions obtained by Lewis may be duplicated. 
We found by this method that the skin assumes and 
follows room temperature, does not have the vasodilator 
reaction upon exposure to cold and has smaller plethys- 
mographic oscillations. Vasodilator impulses induced by 
the Landis test cause slight or no increase in skin tem- 
perature. 

In sclerodactj'lia or in an experimentally bound nor- 
mal finger, intermittent suction causes an increase in 
skin temperature, even though sj'mpathectomj' has failed 
to increase the flow. The mechanism of improvement is 
probablj- due to relaxation of the tight skin. 

Cerebral Circulation: Constriction of Pial Vessels in the 
Unanesthetized Cat Produced by Stimulation of the 
Cervical Sympathetic Chain. By Carouxe Bedell 
Thomas (by invitation) and Stanley Cobb, Boston, 
Mass. 

1. A method is described whereby it is possible to 
study changes in calibre of the pial vessels in unanes- 
thetized cats. 

2. Stimulation of the cervical sj'mpathetic chain in un- 
anesthetized cats was followed bj- slight constriction of 
the ipsilateral pial arterioles (average 6.7 per cent). 

3. The constriction observed in unanesthetized cats was 
of the same order of magnitude and in no case greater 
than that reported in anesthetized cats. 

The results obtained in this small series so closely re- 


semble those reported bj' Forbes and Wolff in anes- 
thetized cats that it seems unlikely that anesthesia of the 
types they used lessens constriction of the pial arteries. 

Experimental Bundlc-Branch-Block in the Rhesus 
Monkey. By J. Hamilton Cr-\wford, and (by invita- 
tion) George H. Roberts and David I. Aer.\mson, 
Brooklyn, N. Y. 

Uncertainty concerning the electrocardiogram in bundle- 
branch-block is related to e-xperimental work of Lewis. 
A basic experiment in the formation of his view was 
transection of the right branch in a monkey. The report 
contained a chart representing the chief initial deflections 
directed upward in Lead I and downward in Lead III. 
It seemed important to repeat this experiment. 

Twelve monkej's were used. After control electro- 
cardiograms the branch was cuL Four experiments were 
completelj' successful. The others were discarded be- 
cause of even minimal damage to the opposite septal 
wall. In no instance were curves obtained inconsistent 
with those described. The left branch was divided twice. 
In one, subsequent histological examination showed com- 
plete division with the right intact. Characteristic curves 
were obtained, the chief initial deflections being upward 
in Lead I and downward in Lead III. Ventricular extra- 
systoles, after stimulating the opposite ventricle, were 
identical The right division was cut twice also. In one, 
discordant curves were obtained with the chief initial de- 
flections downward in Lead I and upward in Lead III. 
The second showed concordant curves with the main de- 
flections downward in all leads. These curves support 
the more recent interpretation, opposite to the earlier 
viewi 

Parathyroid Autotransplantation in the Dog: Evaluation 
of Halsted’s Law of Deficiency. By Philip Sham- 
B.AUGH (by invitation) and Elliott C. Cutler, Boston, 
Mass. 

A series of parathj'roid transplantation experiments in 
dogs was undertaken to test the validity of the “ law of 
deficiency ” which was proposed by Halsted some twenty- 
five j'ears ago and which has been widelj' accepted since 
that time. Halsted concluded, as a result of experimental 
studies, that the autotransplant would not survive imless 
a parathjToid deficiency of more than fifty per cent had 
been created. He also found that parathyroid tissue 
transplants in excess of what was urgently required by 
the organism did not survive. 

In our experiments the parathyroid deficiencj- at the 
time of transplantation was varied from tv/enty-five to 
one hundred per cent. After varying intervals the grafts 
were excised and e.xamined microscopicallj-. Although 
there were a certain number of failures in each group, 
we found that the graft survived and in many instances 
retained its original size and structure for periods up to 
three months in experiments where the parathyroid de- 
ficiency was only tv.'enty-five or fifty per cent as well 
as in experiments where it was seventy -five or one hun- 
dred per cent. Moreover, we found that two separate 
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autografts placed at the same time in animals with a 
parathyroid deficiency of only fifty per cent would both 
survive for periods up to two months. 

Our observations lead us to believe that a pre-existing 
deficiency or a physiological need of the organism for 
the tissue in question is not a requirement for the im- 
mediate survival of parathyroid autografts. We have 
not concerned ourselves in this study with the problem 
of the factors involved in the ultimate survival of such 
transplants. 

The Aetiology of Agranulocytosis with Particular Ref- 
erence to the Factor of Drugs. By William Dame- 
SHEK, Boston, Mass. 

The importance of the factor of drugs in the develop- 
ment of agranulocytosis was studied (1) by examination 
of clinical records in typical cases, (2) by administration 
of certain drugs such as amidopyrine to recovered pa- 
tients, and (3) by the administration of amidopyrine and 
"allonal” to “normal” subjects. Clinical and hemato- 
logical effects were noted and the question of allergic 
sensitivity was investigated. 

The following facts were established: (1) that various 
drugs were definitely linked with the development of 
agranulocytosis; (2) that certain patients showed ex- 
treme hypersensitivity (not allergy) to amidopyrine with 
the reproduction of granulocytopenia; (3) that most (63 
per cent) of “normal” subjects developed definite leuko- 
penia and granulocytopenia after administration of amido- 
pyrine or “allonal.” The hourly leukocyte counts were 
greatly disturbed. Upon discontinuance of the drug in 
these cases striking leukocytosis (“ release phenomenon ”) 
frequently occurred. 

The following conclusions are at present justified: (1) 
although multiple aetiological factors are undoubtedly 
operative in many cases of agranulocytosis, the most im- 
portant one appears to be that of drugs ; (2) the exact 
mechanism of this action is unknown, although an un- 
usual hypersensitivity probably not allergic is apparent; 
(3) this hypersensitivity appears to affect the normal 
maturation and release of cells in the bone-marrow with 
resultant granulocytopenia. 

The Control of the Hypothyroid State After Total Thy- 
roidectomy in the Treatment of Chronic Heart Dis- 
ease. By Dawd Davis and Herrman L. Blumgart, 
Boston, Mass. 

Approximately seventy-five patients in this clinic on 
whom total thyroidectomy has been performed for the 
treatment of heart disease have been kept free from 
unpleasant symptoms of myxedema at basal metabolic 
rates approximating minus 30 per cent by the adminis- 
tration of small doses of thyroid. In the majority of 
cases thyroid medication was required by the end of 
the third postoperative month, some weeks after the basal 
metabolic rate had reached its lowest level. 

To accomplish the two-fold purpose of maintaining a 
low basal metabolic rate, with its coincident low basal 
cardiac work and at the same time not allowing the 


patient to suffer from myxedema symptoms (puffiness 
of face, excessive fatigue, drowsiness, emotional in- 
stability, etc.), an appropriate thyroid dosage varying 
from %o to 1 grain daily, usually ^4 to was worked 
out in each case by trial and error. Patients were seen 
at frequent intervals and also instructed to return to the 
clinic if any unpleasant symptoms developed. Nervous 
irritableness, unaccompanied by other untoward symptoms, 
occurred in a few patients and required immediate thyroid 
therapy. 

Symptoms frequently became less marked during the 
postoperative course, so that thyroid dosage could be 
subsequently decreased and in some instances omitted. 
In practically every patient the untoward symptoms were 
controlled by properly regulated dosage, the metabolic 
rate being maintained at approximately minus 30 per cent. 
The small doses of thyroid necessary did not greatly in- 
crease the work of the heart and, therefore, generally did 
not interfere with the clinical improvement following 
total thyroidectomy. 


Observations on Coronary Blood Flow in Aortic Stenosis 
and Aortic Regurgitation. By Jay C. Davis, Minne- 
apolis, Minn. 

A heart-lung preparation yvas used for the study of 
coronary blood flow. Aortic stenosis and aortic regurgi 
tation were made in such a manner that the valve was 
not damaged. The blood flow through the canulated cir 
cumflex coronary artery was studied with perfusion torn 
the aorta at pulsatile pressures and from a perfusion o - 
tie at a pressure below, equal to, and above aortic pro® 
sures. The coronary flow per minute was measured oy 
means of a stromuhr- With this method the 
flow per minute in the same heart with a norma^ ^°,nd 
valve, with aortic stenosis, with aortic regurgitation 
again with a normal valve was measured. ^ 

It was found that a diminution in^ coronary How 
curs in both aortic stenosis and aortic regurgitatio 
dependent of the drop in diastolic pressure. i n 
evident for the decrease in coronary flow 
valve lesions when the circumflex artery was pe 
from the pressure bottle set at such a heig 1 1 la 
fusion pressure was 10 to 20 mm. mercury ig . 
the systolic pressure in the aorta. Furt ermo , 
results were obtained using the whole animal. 

The explanation of these results ^yck 

study. To determine the effect of ^ 
on the coronary flow in aortic valve esion , ' 
now are being conducted by means o a lo 
mometer. 

The Influence of Auncular Fibrillation on the 
Rheumatic Heart Disease. By N. Y. 

and (by invitation) Claire Lin'GG, i ew 
This paper is the third in the senes '' The 

events in the course of rheumatic ear 
records of 644 patients followed to ^ 

The first of two studies now m press y id' 

tors pertaining to age at initial infee ion, 
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and cause of death. The second study describes the in- 
fluence of \-al\-ular lesions on the course of rheumatic 
heart disease. In this paper the influence of auricular 
fibrillation on the course of rheumatic heart disease is 
discussed. 

Of the 644 cases, 276 developed auricular fibrillation 
before death. The others, as far as we could determine, 
died while still having a sinus rhythm. It was possible, 
therefore, to compare the length of fife in these two 
groups. The following facts were elicited: 

Xo significant difference was noted in relation to sox. 
The highest incidence was found among cases with 
mitral stenosis. 

The longer the duration of rheumatic heart disease, 
the greater the incidence of auricular fibrillation. 

In a number of ways it is demonstrated that auricular 
fibrillation is usuallj' a late manifestation in heart 
disease and that it is only obseiwed in relatively long 
standing cases. 

Once auricular fibrillation appears, however, the dura- 
tion of life is rarely longer, on the average, than 21^ 
years from the onset of auricular fibrillation. 

The Clinical Standardization of Digitalis. By F. R, 
DiEUAinE and (by invitation) C. L. Tung and C. \V. 
Biek, Peiping, China. 

In an attempt to achieve quantitative results in the 
standardization of digitalis in man it was decided to rely 
chiefly, and in the end entirely, on objective observations 
capable of measurement. Clinical congestive failure in- 
troduces many uncontrollable variables; it was, there- 
fore, eliminated from consideration. The samples of digi- 
talis to be tested were given at suitable intervals to the 
same subjects under conditions as closely similar as pos- 
sible. To test the possibility of separating different po- 
tencies of the drug the same doses of three strengths of 
a standard preparation (related as 75 : 100 : 125) were 
given. (So far as is known the capacity of methods for 
clinical standardization has not been so tested before.) 
The samples were supplied as " unknowns,” A, B, and C, 
by the Department of Pharmacology, and only after our 
conclusions were reached were further data available. 
The observations included symptoms, blood pressure and 
electrocardiographic measurements. Among them only 
the length of the “ Q-T ” interval in relation to the 
length of the cardiac cycle seemed to offer the possibility 
of quantitative separation of the samples of digitalis. 
Through the changes in this factor it was possible to 
place the samples in their correct order of strength. ,A 
similar trial was made of two unknown samples of dif- 
ferent leaves which had been extensively standardized in 
the laboratory. The results were compatible with the 
data supplied after the clinical trial. The study leads 
to the belief that clinical standardization cannot at pres- 
ent differentiate satisfactorily between digitalis prepara- 
tions differing by much less than 25 per cent and to 
the position that close calculation of digitalis dosage is 
not necessary. The difnculties of clinical standardization 
are considered and a standard plan is drawn up. 


The Effect of Severe Anemia on the Heart and Circula- 
tion. By Laurence B. Elus, Boston, Mass. 

Cardiac failure and severe anemia frequently resemble 
each other in many respects in their symptomatology and 
physical findings. A study has therefore been made to 
determine the effects of severe anemia on the cardio- 
vascular system. Forty-four patients were studied, and 
26 of these were also examined when their anemia had 
improved. Thirty-three had dyspnea on exertion which 
disappeared in every case followed. Twenty showed de- 
pendent edema, and in all but 2 of the 10 followed it 
disappeared. ' One had typical anginal pain which ceased 
with relief of anemia. Twenty-eight patients had basal 
or apical systolic murmurs of varying intensity, and of 
the 21 followed these decreased or became absent in 11. 
One patient also showed a diastolic murmur which dis- 
appeared. Twelve of the 23 cases who were followed by 
serial teleoroentgenograms showed a diminution in the 
cardiac size as the anemia lessened. In 6 the blood pres- 
sure increased defim'tely. Electrocardiograms were taken 
in every case and in 26 patients they were repeated fol- 
lowing recovery. Xo serious abnormalities were presenL 
In 5 there was an increase in the amplitude of the T 
waves and in 3 an increase in the amplitude of all com- 
plexes. 

Severe anemia produces demonstrable changes in the 
heart and circulation, and these changes usually disappear 
with recovery from the anemia. Although some of the 
symptoms and signs which occur in severe anemia are 
similar to those occurring in heart disease and failure, 
there are certain manifestations of heart failure which 
are rarely if ever produced by anemia alone. These dif- 
ferential diagnostic signs are orthopnea, pulmonary or 
peripheral venous congestion, abnormal cardiac rhythms 
and marked electrocardiographic abnormalities. 

The Influence of Inorganic Salts on Salyrgan Diuresis. 

By Marsh.aii. N. Fulton and (by invitation) Ciavton 

B. Ethridce and Dan W. Myees, Boston, Mass. 

Studies have been made on normal dogs to determine 
the modifying effect of various inorganic salts on salyr- 
gan diuretic action. To establish an approximately simi- 
lar state of water and salt balance, the animals were 
maintained for one week prior to each test day on a con- 
stant food, sodium chloride and fluid intake. On the test 
days normal equivalent amemnts of different salts were 
administered as a single dose per os, followed in two 
hours by an intravenous injection of salyrgan. Quanti- 
tative measurements of urine output and analyses for 
changes in blood and urine chlorides and plasma CO; 
combining power were made in each experiment. Con- 
trol studies include comparable data on the action of 
salyrgan and of the various salts when given separately. 

The results establish that acidifying salts plus salyT- 
gan produce marked diuresis, whereas allmlinizing salts 
inhibit diuretic action. Neutral salts influence the di- 
uretic action of salyrgan in the same manner as does 
water: a diuresis of moderate degree results. -Acidify- 
ing salts working with salyrgan appear to show a syner- 
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tT “ action of fc t,vo 

substances.^ iThe extent of diuresis from saWan fol- 

wmg an inorganic salt seems to be influenced chiefly by 

h nrt?, ST™'? eoniliblttfcr 

than the availability of particular ions for excretion. 


unTr^S twftorf — - 

eliminating it. ® ^ of 


Ob^rvati^^s on the Sulphur Content of Urinary Protein 
By G. P. Grabfield, Boston, Mass. 

of urinary protein was studied in 
var ous types of proteinuria. The method consisted in 

beforHnd ahT'fh "'frogen and total sulphur 

before and after the precipitation of the protein by heat 

. sulphur-: 

V aXrs 

form by dlVsL " ‘ ” '■“”'^>1' ">“« 

We shall go no further than to compare the relation 
of nitrogen to sulphur in the protein excret J • 

Thi N« ra ifofr'r “ «cy low in ,n|ph„n, 

■ine i\/o ratio of such protein is often as 7m - 1 -o „ 

f .rcri: 

and even hourly variatinnc +i, • . . 

of the plasma proSns " ' 

Other types of albuminuria studied were those of 
chronic glomerulonephritis, toxemia of pregnancy ortt,: 

andliy;:::,or^^^^^^ poisonmg 

terlttn^^th? a fundamental al- 

teration in the protein metabolism affecting the structure 

of proe«„ nephro,!,. gtaila, 3,„fc on protttst™! 
ture in other conditions might prove fruitful. 


Ci^frl \r^ ' of Substances into the 

ffonfand T P 

tion) and T. R. Harrison, Nashville, jTenn. 

It IS not yet known whether the several types of clini- 

^hh tb have been concerned 

Cl h. action when administered intravenously or 

subcutaneously. Under such circumstances it is often 
1 cult to distinguish between central and peripheral ef- 
tects. in order to avoid this disadvantage, we have in- 
jected compounds into the cisterna magna and observ-ed 
the blood pressure. 

Various substances such as alkaloids, endocrine prepa- 
rations, anaesthetics, other organic compounds and in- 
organic salts_ have been tested. Striking and prolonged 
pressor^ reactions- have been observed from potassium and 
ammonium salts. When the cisterna is opened and the 
injection made caudad, effects are absent. Small amounts 
o these salts applied to the floor of the fourth ventricle 
cause a pronounced rise in blood pressure. Attempts to 
determine more exactly the site of action are in progress. 

The pressor effects of potassium can be prevented by 
the previous administration of calcium. The injection 
of anions such as oxalate, phosphate and citrate, wliicb 
diminish the ionization of calcium, results in prolonged 
rise in blood pressure. 

Judging from the few cases so far studied, patients 
with uremia and phosphate retention have a diminution 
in the amount of ionized calcium in the spinal fluid, al- 
though the total calcium may be normal. The intra- 
cisternal administration of calcium salts has seemed to 
be beneficial in several patients with uremia. 


The Frequency and Significance of Changes of the Ex 
nent of Basal Oxygen Consumption. By Tas A 

ti,n oiyy.„ 1 ■ ® ' °'M’gcn consumption bv 

1 1C closed circuit method have been pointed out,^ but th^ 

hfvf * ^ changes of the e.xpiratory volume of the chest 
ave not been generally appreciated. Benedict found 
that this factor was not significant in normal subjects 
but in patients Greene and Coggeshall observed changes 
" * materially altered the calculated results. 

expiratoo' volume of the 
chest were found to occur in 23.1 per cent of 2985 spiro! 
grams obtained during routine measurement of ba 
oxygen consumption introducing an error ranging from 
l-> to ns much as 4a per cent. Tin's error mav result in 
ndcr-cstimation as well ns over-estimation of the actual 


Hemoglobin Regeneration and Critical Changes in the 
Plasma Proteins, By Clark W. Heath and (by in- 
vitation) F. H. L. Taylor, Boston, Mass. 

Patients with severe anemia, who are regenerating 
blood, frequently show pitting edema and retention of 
fluids, unrelated to kidney dysfunction. A study of this 
phenomenon was made on the hypothesis that, since the 
red blood cells are rich in protein as compared to the 
blood plasma, the manufacture of red blood cells in the 
absence of any excess of protein in the diet may result 
in a reduction of the plasma proteins, thereby lowering 
the osmotic pressure of the blood. 

The plasma proteins during blood regeneration were 
frequently reduced, even in the presence of a positive 
nitrogen balance. Edema appeared, however, only infre- 
quently when the plasma proteins reached critical k-’- 
levels. There was a great retention of nitrogen: t-’ - 
urine nitrogen was as low as 2 grams per day in so-c 
cases. Nevertheless, even in cases in which the r.itregC” 
balance was negative, blood regeneration and a gam o. 
total circulating nitrogen took place. 
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It was concluded tliat a reduction of the plasma os- 
motic pressure is a factor in the production of edema 
observed in anemia undergoing remission. The observa- 
tions emphasize the increased protein requirements of the 
patient recovering from anemia. 

Visualization of Congenital Arteriovenous Fistulas of the 
Extremities by Arteriography. By Bay Aim T. Hoston 
and (by invitation) Ralph K. Ghormle\', Rochester, 
Minn. 

By means of arteriography with thorotrast the location 
and architecture of congenital arteriovenous fistulas of 
the extremities have been visualized and confirmed at 
surgical exploration. In the literature, prior to the use 
of arteriography, exploratory operations in attempts to 
close the fistulas had been followed by amputation of 
the involved extremity in 58 per cent of cases. Since the 
use of arteriography, where explorations have been car- 
ried out, amputation of the involved extremity in our 
experience has not been necessary in a single instance. 
Serial arteriograms illustrate the manner in which ar- 
teriovenous fistulas function. One can only interpret 
these properly when the pathologic physiology of a fis- 
tula is understood. The injected medium, like the blood, 
takes the course of least resistance, which is from the 
artery through the fistula to the veins. When the bra- 
chial or femoral artery is closed by pressure proximal to 
the point of injection of the thorotrast, there is always a 
leakage of the medium into the veins, which is invariably 
present when the first film is exposed. This is diagnostic 
of an arteriovenous fistula. The amount of filling on the 
venous side is proportional to the size of the fistula. If 
the fistula is large, the opaque medium will pass directly 
from the artery to the vein with little or no filling of the 
arterial tree distal to the site of the fistula. If the fistula 
is small, only a small amount of the opaque medium leaks 
into the veins. Enough remains in the arterial tree to 
visualize it completely distal to the site of the fistula. 
Detailed clinical and physiologic studies have been car- 
ried out in forty-one cases. 

Blood Velocity at Varying Levels of Metabolism in Sub- 
feels With or Without Thyroid Disease. By J. W. 
Macy (by invitation), T, S. CLA^BOS^'E (by invitation) 
and L. M. Hurxthal, Boston, Mass. 

This study was begun to compare the blood velocity 
in patients with low metabolic rates without myxedema 
with the blood velocity in patients with myxedema. The 
study was then extended to include the following; nor- 
mal individuals, patients with hypometabolism, myxe- 
dema, toxic goitre, toxic goitre with heart failure and 
heart failure without goitre. Over 120 subjects were 
tested by the decholin method. 

The results show that low metabolic rates without 
myxedema give normal blood velocity rates. Some of 
these cases were due to proved pituitary deficiency, while 
in^ others the cause of the low B.M.R. was not deter- 
mined. In mj-xedema, on the other hand, it was de- 
creased. As would be expected increased blood velocity 


rates were found in toxic goitre, but in patients with 
congestive heart failure and toxic goitre normal values 
were obtained. In patients with congestive heart failure 
without thyroid disease decreased rates were found. The 
normal values found in toxic goitre with heart failure 
were interpreted as being due to counteracting effects of 
hyperthyroidism on the one hand and heart failure on 
the other. 

The results in the cases of low metabolism without 
myxedema are additional evidence that myxedema is not 
synonymous with hypometabolism and thyroid atrophy 
secondary to deficient thyTOtropic hormone of the pitu- 
itary, a theory quite in vogue at present. 

Observations on the Character of the Pain Producing 

Substance in Contracting Skeletal Muscle. By L. N. 

Katz and (by invitation) E. Liizdser and H. LAtnyr, 

Chicago, Ilf. 

The following procedures were found to lessen the 
amoimt of exercise necessary to cause continuous pain 
in contracting muscles of normal subjects: (o) gen- 
eralized anoxemia, (£>) elevation of the COi content in 
the blood contained in an ischemic limb, (c) trapping 
the blood coming from the exercised lower extremities 
in an ischemic limb. Alkalinization of the subject with 
large quantities of sodium bicarbonate definitely increases 
the amount of exercise required to produce pain. 

The stimulus for pain, from these observations, appears 
to be the accumulation of a chemical metabolic substance 
(or substances) which diffuses readily into the blood 
stream and is altered quickly when the oxygen supply 
is adequate. It appears to be an add, such as lactic or 
phosphoric add, formed during the catabolism of muscu- 
lar activity. 

Study of Total orA Basal Metabolism in Obesity cend 

Undemutrition. By J. Leritah and (by invitation) 

P. C. Bated, Boston, Mass. 

The total metabolism of 6 underwdght and 8 over- 
wdght patients was studied by determining their “ in- 
sensible perspiration ” according to the method of Bene- 
dict and Root and of Newburgh, slightly modified. The 
basal metabolism was studied simultaneously. Several 
of the patients were observed over long periods of time 
while undergoing changes in weight, i.e. gain in wdght 
in the imderweight group and loss of weight in the 
obese group. 

A correspondence between the insensible wdght loss 
at night and the basal metabolic rate, as observed by- 
Benedict, was found also in 9 of our cases, but was 
doubtful in 2 and absent in 3. 

There are two types of individuals represented in the 
undemutrition gro-jp: 

Type 1: The total metabolism (insensible perspiration) 
in this type is low, being only slightly greater than the 
basal metabolism; the appetite is poor and the patients 
are lethargic. As they gain wdght, on an increased diet, 
the total metabolism rises £0 per cent or more. This is 
not in any significant degree due to increase in surface 
area or spedfic dynamic action of food. 



718 


PEOCEEDINGS OF THE TWENTY-SEV^ENTH ANNUAL MEETING 


Type 2: The total metabolism in this type is high be- 
fore treatment. The patients have a good appetite but 
are nervous and overactive. As they gain weight, total 
metabolism increases, but to a less extent than in Type 1. 
The basal metabolism is about the same in the two types, 
being about minus 10 in each. 

The effect of insulin (commercial and crystalline) in 
undernutrition was observed. It does not produce any 
change in total or basal metabolism nor does it affect 
the rate of weight gain on a constant diet. Its effect 
seems to be solely to increase appetite. 

In obesity the total metabolism is about the same as 
in the second type of undernutrition. Consequently the 
caloric output per square meter of surface area is very 
low. On a reduction diet (1,100 to 1,300 calories) there 
is always a progressive loss of weight. As the patient 
loses weight the insensible perspiration diminishes, but 
the basal metabolism usually does not change much. 

Malignant Hypertension: The Pre-renal Phase. By 
Clifford Wilson and Paul Kimmelsteel (introduced 
by Edwin A. Locke), Boston, Mass. 

A study of the clinical and histological features of so- 
called benign and malignant hypertension has led to the 
conclusion that cases of malignant hypertension occur 
without kidney involvement. Such cases lead to a clearer 
conception of the disease entity than is obtained from 
the classical description of Volhard and Fahr. 

We believe that the condition commonly known as 
malignant nephrosclerosis represents only an end stage 
of the disease. The clinical picture is that of unusually 
' high blood pressure occurring in young subjects and 
terminating in renal failure. Histologically they show 
characteristic arterial lesions, namely, productive endar- 
teritis and necrotising arterioiitis in the kidney and other 
organs, asosciated with focal glomerulonephritis. 

Certain cases are here described in which death occurs 
without renal involvement. From a consideration of the 
clinical and histological findings we feel that these cases 
can be separated from the group of benign hypertension. 
Clinically they show unusually high blood pressure de- 
veloping in young subjects. Death occurs from extra- 
renal causes but has a more fulminating character than 
is seen in benign hypertension. Usually with cerebral 
manifestations, such as have been termed hypertensive 
encephalopathy. The characteristic arterial lesions of 
malignant hypertension are usually present in these cases 
though less prominent than in the classical picture de- 
scribed by Fahr. We conclude from this clinical and 
histological study that malignant hypertension is a pri- 
mary vascular disease in which the renal manifestations 
occur as a terminal event. 

Obsen'alions on Associated Tubcrctihtts and Non-lubcr- 
ciilous Puhnonary tf^sions. By F. MaUrice Mc- 
Phfjjran, Philadelphia, Pa. 

The association of non-tubcrculous bronchopneumonia 
with various tuberculous pulmonary- lesions has been ob- 


served. Tuberculous lesions have their base on the pleura 
and rarely invade the cardiophrenic area, where non- 
tuberculous lesions originate and spread along the dia- 
phragm. Extensive pleural effusion and thickening are 
rare when either of these lesions occurs alone but arc 
common with contiguous tuberculous and non-tuberculous 
infiltrations. Unusually numerous wide-spread foci of 
calcification are seen as they heal. The tuberculous ele- 
ment of these associated lesions, even when excavated, 
tends to heal rapidly and permanently. The non-tuber- 
culous lesion may persist for years as a relapsing 
bronchopneumonia with persistently negative sputum. 

Non-tuberculous bronchopneumonia has been observed 
in a few cases in association with a uniformly distributed 
miliary tuberculosis. Of these, three are apparently well 
except for a persisting bronchopneumonia. The fourth 
died of a descending apical-caudal tuberculosis after 
clearing the miliary lesion (postmortem). In all four 
cases the tuberculous pulmonary lymph nodes were enor- 
mously enlarged. In two, non-tuberculous broncho- 
pneumonia and tuberculous nodes were observed before 
the development of miliary tuberculosis. In all these, and 
in some other cases, serial observations suggest that the 
non-tuberculous bronchopneumonia caused hematogenous 
spread by flooding the nodes rather than by depressing 
resistance.” 


Effects of Alpha-Dinitrophenol on Energy Metabolm, 
Blood Chemistry and Renal Function: Studies in Obese 
Subjects. By Maurice Bruger, Cameron V. Bailw 
and George C. Thosteson (introduced by H. • 
Mose.nthal), New York, N. Y. 

Nine obese women were studied under basal conditions 
ind every hour for three or four hours after the 
)f alpha-dinitrophenol (3.5 mgs. per kilogram), 
respiratory exchange was determined by ^ 

Tissot method. In the blood sugar, lactic acid, ace 
lodies, urea nitrogen, nonprotein nitropn, free an 
iholesterol and chlorides were determined, n , 

irea nitrogen and nonprotein nitrogen were es i 
rhe basal metabolic rate, the combustion of P™ 
md carbohydrate, the urea ratio and the urea c 
vere obtained by calculation from the above ^ 

The augmented metabolism after dinifrop le 
iccompanied by small but appreciable ' mixture 

:emperature, respiration and pulse rate, t e “ 
vas definitely altered; carbohydrate and fat 
,vere increased while protein catabolism 
liminished. Appreciable quantities of 
jurned, even though under control con i of 

lydrate was absent from the fuel mixture becau 

previous dietary restrictions. hndics v.er« 

The blood sugar, laccic acid aud f 
ncreased; the blood chlorides an nhroiT'"' 

lecreased; the blood urea nitrogen, , „„ohan?ed. 

tree and ester cholesterol remained P'f or 

rhe urea ratio and area clearance shon''' 
rhange in renal function. 
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Further Obserx'ations on the Leucocytic Response Induced 
by the Intramuscular Injection of Lh'cr Extract. By 
John H. Powers, with the assistance of Cynthia 
VanDoren, Cooperstown, N. Y. 

Observations on the degree and character of the leuco- 
cytic response induced by the intramuscular administra- 
tion of liver extract to 7 normal subjects and to 3 surgical 
patients with infection have been described and pre- 
sented in graphic form. 

The normal individuals were divided into two groups. 
To the first of these 3 cc, of liver extract were given at 
9 o'clock in the morning. The leucocytic response was 
neutrophilic in character, reached its peak in 6 hours and 
was composed of a relatively greater increase (235 per 
cent) in the young forms than in the mature cells (96 
per cent). The number of juveniles increased from zero 
to 270 per cu, mm. 

There were 3 normal subjects in the second group 
who received the same amount of extract at 5 o’clock in 
the morning. The total white cells doubled, the neutro- 
phils increased 169 per cent and the band forms, 370 per 
cent. The juveniles rose from zero to 400 per cu. mm. 
The peak of the rise again occurred 6 hours after the 
injection. The results suggest that the leucocytosis in- 
duced by the intramuscular administration of liver extract 
to normal individuals is due either to direct or indirect 
stimulation of the bone marrow. 

Three surgical patients with sepsis were given liver 
extract intramuscularly. In each case the leucocytic 
count was low before the injections were started, and a 
well marked leucocjTosis occurred thereafter. The re- 
sponse was entirely neutrophilic in character. 

A Study of the Calcium, Phosphorus, and Energy Ex- 
change in a case of “Pituitary Basophilism.” By R. 
H. Freyberg (by invitation), L. H. Newburgh, Paul 
S. Barker, R. L. Grant (by invitation) and Fredrick 
A. CoLLER (by invitation), Ann Arbor, Mich. 

The calcium, phosphorus and energy exchange was 
studied over a long period of time in a 19-year-old male, 
who clinicallj- exhibited the syndrome of pituitary baso- 
philism (with marked skeletal demineralization and obe- 
sitj') and at autopsy showed an anterior-lobe pituitary- 
adenoma of incompletely differentiated basophil cell type. 

The serum calcium was slightly elevated, the serum 
phosphorus distinctly low. On a low calcium diet the 
urinary calcium was rather high, and the calcium balance 
negative. MTien the diet -was made rich in calcium the 
urinary calcium remained unchanged, the fecal calcium 
became great, and the balance remained slightly negative. 
Administration of large amounts of CaHPOi -was at- 
teiided by huge fecal excretion of calcium, unchanged 
urinary calcium and only a slight retention of calcium. 
Irradiated ergosterol, haliver oil, yeast, NILCl, HQ and 
CaQ: were of little or no benefit. When calcium glu- 
conate was injected intravenously much of the calcium 
was retained with sufficient phosphorus to form Ca:- 
(PO<)r. Study of the calcium and phosphorus exchange 


did not indicate abnormal parathj-roid function but 
showed insufficient absorption of calcium. 

Undemutrition caused weight loss exactly as predicted 
for normals, thus indicating normal energy exchange and 
the absence of any unusual metabolic feature as the cause 
of this patient’s obesity. 

The Response of the Systolic Blood Pressure to Cold 
and to Mental Stress in Essential Hypertaision, Duo- 
denal Ulcer, Vasomotor Instability, Psychoneurosis 
and Normal Controls. By Robert Sterung Palmer, 
Boston, Mass. 

The systolic blood pressure in the left brachial artery 
has been studied, noting spontaneous -variations, response 
to mental stress and response following immersion of the 
opposite hand in cold water for one minute. Patients 
with hypertension, patients with duodenal ulcer, appar- 
ently normal people with some signs or symptoms of 
vasomotor instability, and entirely normal controls have 
been compared. Spontaneous variations are greater in 
patients with essential hypertension than in normal con- 
trols, in patients with functional nervous disorders or in 
patients with duodenal ulcers. Seventy-six experiments 
on twenty-three patients with essential hypertension show 
that the response of the systolic blood pressure to mental 
stress, while not quite as great as, is, nevertheless, com- 
parable to the response to cold. Both are greater than 
in entirely normal controls. Patients with duodenal ulcer, 
patients with functional nervous disorders (functional 
indigestion, attempted suicide, psychoneurotic vomiting) 
and patients with vasomotor instability commonly show 
a marked response of the systolic blood pressure to cold 
but comparatively little to mental stress. Entirely nor- 
mal controls appear to have a moderate, but relatively 
greater, response to mental stress compared to the re- 
sponse to cold. Observations on one case of coarctation 
of the aorta and on one case of cortical adenoma show 
a marked response to cold but a relatively smaller re- 
sponse to mental stress. 

It is suggested: (1) that immersion of the hand in 
cold water is a potent stimulus to the autonomic nervous 
system; (2) that the degree of systolic blood pressure 
response may indicate the irritability of the autonomic 
nervous system as an unconditioned response; and (3) 
that a characteristic of essential hypertension is not an 
unduly irritable autonomic nervous system, such as is 
found also in cases of vasomotor instability, functional 
nervous disorders and duodenal ulcer, but that the -vas- 
cular response is especially conditioned to mental stress. 

Clinical Glycosuria Associated zvith Biliary Obstruction. 

• By Herbert Pollack and (by invitation) Herman 
Lande, New York, N. Y, 

The experimental investigations of the functions of the 
liver have demonstrated the importance of this organ in 
the carbohydrate cycle. In hepatectomized animals the 
injection of glucose at a rate greater than its immediate 
usefulness to the organism produces hyperglycemia and 
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irun Laidtac Weakness. By S. H Procfr n 

invitation) H. MACEr.BAKTz. Bostoi,' Mass ^ 

res^fSiowf ‘^"'"onstrated that prolonged dietary 
restriction (loss of approximately 10 per cent bodv 

weight in about six weeks) commonly produces the fol- 

oxygen «p. 

tion (about 30 per cent), significant slowing of the pulse 
ate lowering of blood pressure and lowering of fluid 
ake and output. If such changes occur without ap 

nently desirable in patients with cardiac weakness We 
have, therefore, studied the effect on such patients of 
dietary restriction with a loss of 10 to IS per cent in 
body weight over four to six weeks after adequarpre- 
minary control. The following features werrstdfed - 
xvygen consumption, respiratory quotient, pulse rate 
>lood pressure, veloeity of blood flow, cardiac outoM 
renous pressure, vital capacity, respiratory rate rSa- 
ory nuoute volume, blood cholesterol, blc^d glucose IS- 
rance, fluid intake aod output, nitrogen intake and out- 
lul, chloride excretion, response of pulse and respiration 
0 exercise on bicycle ergometer and incidental clinical 
observations were made over a period 

itenSs. to four week 

In four patients (3 normal weight and one under- 
cight) thus far completed the results showed that a 
mdition can be thus artificially produced in which the 
ork of the heart approaches a minimum. Among other 
lings there was distinct lowering of caloric and water 
ichange, drop m blood pressure, pulse rate, and cardiac 
itput and increase in vital capacity and capacity for 


Tdra- 

gems Obtamed From a Nonfatal Case with Stfli- 

A i Meningitis. By HobL 

A. KEiMANN, Minneapolis, Minn. 

fn s:rew in clusters and 
formed white colonies resembling a slowly growing 

phylococcus. Upon aging on agar the colonies be- 
came yellow, developed yellow daughter and wliitc 
daughter colonies, and later translucent colonies ap- 
, These colony forms seemed to correspond with 
e M, S” and "I?” phases involved in microbic 
dissociation of other organisms. But later a shell-pink 
an an orange-brown form were also induced. Cocci 
rom the yellow colony formed large tetrads, the white 
ormed tetrads or clusters, and the translucent colony 
cocci were minute and markedly pleomorphic. iThe 3 
forms would ordinarily be mistaken for different, un- 
related organisms except that reversion from one form 
to another could be induced by appropriate methods in 
vitro and in vivo. Organisms from the yellow, white and 
translucent colonies differed sharply in their biological 
reactions as regards sugar fermentation, gelatin lique- 
faction, pigment production, hemolysis and resistance to 
numerous adverse conditions. The pink and brown 
forms behaved generally like the ivhite. The five dis- 
sociant forms characterized by such different morpho- 
logic characteristics provide a unique opportunity for 
observations in dissociative phenomena. The pigments 
of the yellow, pink and brown colonies belonged to the 
carotinoid group and appeared to be chemical isomers, 
differing from one another spectroscopically. 

Immune sera prepared with the 5 varieties were spe- 
cific for the respective homologous variety. The sera 
agglutinated occasional strains from other sources indi- 
cating the existence of type specificity as well. Sur- 
prisingly, the sera prepared from the dissociant forms 
agglutinated specifically the corresponding dissociants of 
the type-specific strains from other sources. 


Reticnlocytosis In Non-Hcmolytic Jaundice. By Lf,o;i 
ScHiFF and (by invitation) Murray L, Rich, Cin- 
cinnati, Ohio. 

In a scries of over thirty-five cases of rcgtirgifafinji 
jaundice (obstructive and toxic or infcctis'c hcpJtm 
types) a moderate persistent rcticulocytosis was mc' 
quently observed. In an attempt to explain the nn'-'^- 
lying mechanism intravenous injections of bilirubin 
bile salts (decholin) and intramuscular injcctioni o- 
blood from jaundiced individuals were given to norm-i- 
and to patients with anemia and the hacmatologica! c. 
fects studied. 
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The Prognostic Significance of the Icteric Index in Lo- 
bar Pneumonia. By GERALn S. Shibley and (by in- 
vitation) W. \V. Waddell, Cleveland, Ohio. 
Considerable difference of opinion exists in regard to 
the prognostic significance of jaundice in pneumonia. Al- 
though many clinical observers have felt that jaundice is 
a grave finding, the few references to be found in the 
literature are equivocal. In the present study, which has 
included nearly 200 cases of lobar pneumonia, the rela- 
tionship of the icteric index to mortality has been in- 
vestigated. Our results show that the death rate is 
proportional to the height of the icteric index. If the 
index is under 10, the mortality rate is slightly below 30 
per cent; if over, it is approximately 60 per cent. Such 
factors as type of pneumococcus, infection of blood 
stream, or age do not influence this graver prognostic 
significance of the higher indices. The definite value of 
specific serum therapy in Type I infections is brought 
out by the fact that although the death rate in untreated 
cases, with an index of 10 or over, was 57 per cent, it 
was only 10 per cent in such cases receiving serum. 

Iron Retention in Hypochromic Anemia. By W. M. 
Fowler (by invitation), Adelaide Barer (by invita- 
tion) and Fred M. Smith, Iowa Citj-, Iowa. 

Studies of iron balance have been carried out in forty 
patients in an attempt to ascertain the amount of iron 
retained and the factors influencing the retention of iron 
and formation of hemoglobin in hypochromic anemia. 

Those patients whose anemia was idiopathic in origin 
and those in whom it was secondary to chronic blood loss 
showed no appreciable difference in retention of iron. 

With a normal iron intake (12 mgm. per day derived 
from food) less iron was retained by those patients with 
an achlorhydria than by those with a normal or low gas- 
tric acidity. The administration of HCl and pepsin did 
not increase the retention of iron under these conditions. 

With the administration of iron (500 mgm. per day) in 
the form of ferric ammonium citrate a surprisingly large 
amount was retained. This retention was not appreciably 
influenced by achlorhydria nor by the administration of 
HO. 

The addition of a small amount of copper to the me- 
dicinal iron seemed to decrease the amount of iron 
retained, although the hemoglobin regeneration ^vas more 
rapid and the percentage of the iron that was utilized as 
hemoglobin was greater. 

The Infiuenec of Castration on Stimulation of the Thy- 
roid by Pituitary Thyreotropic Hormone. By Paul 
Starr, Chicago, 111. 

Dimng studies of pituitary thyreotropic action in 
guinea-pigs (begun in 1931 and reported in 1932 and 
1934), a fairly imiform response in the form of ele- 
vated metabolic rates has been found after daily sub- 
cutaneous injections of 0.1 cc. of a pituitarj- solution 
prepared by Parke, Davis and Company. In a group of 
seven female animals, after the fifth daily injection the 
basal metabolic rate ranged from 35 to -k 63 per cenL 


In five female animals previously castrated, after the 
fifth daily injection the metabolic rate ranged from — 3 
to -F 17 per cent In four other animals the rate rose 
rapidly but the rise was delayed in onset In one animal 
castrated after 4 daily injections, having a metabolic rate 
elevated -j- 35 per cent, the rate dropped during continued 
injections to ± 0 per cent five days after the operation ; 
while the control, continuously injected animal continued 
to have an elevated rate of -F 45 per cent for 23 days 
and then declined as has previously been shown. 

Histologic study of the imcastrated animals shows the 
usual marked hyperplasia of the thi'roid. The thyroids 
of the castrated animals similarly treated show no hyper- 
plasia, or a peculiar engorgement is found if the meta- 
bolic rate has risen. An attempt to correlate this pre- 
vention of the thyreotropic action with release of gonado- 
tropic pituitary hormone by castration is being made by- 
assays of the blood. In a normal man weighing 175 
pounds the same solution raised the metabolic rate in a 
few days from — 5 to -F 15 per cent. In a castrated 
woman wdghing 93 pounds similar dosage raised the 
rate from -F 2 to -F 7 per cent in two weeks. 

Extension of these studies in other am’mals and hu- 
mans is being carried on intensively. It is thought that 
this is a demonstration of an endocrine thyroid protective 
or inhibiting mechanism. 

The Effect of Vitamin B upon Hematopoiesis in the Rat. 

By Frank H. Bethell (by invitation) and Cyrus C. 

Sturgis, Ann Arbor, Mich. 

The prevention and cure of milk anemia of the rat 
does not depend exclusively upon the mineral content of 
the diet A supplementary action to iron and copper is 
exerted by the vitamin B complex. This property, under 
the conditions of the present studies, is not possessed by 
either vitamins Bi or Bz but is contained within the B< 
fraction. 

One of the earliest changes observed during treatment 
with iron and copper supplements is a transition of the 
anemia from a microcytic to a macrocytic type. Upon 
the addition of the vitamin B« fraction the mean erythro- 
cyte diameter rapidly becomes normal. When supple- 
mentary Bi fraction together with iron and copper is 
given throughout the course of treatment, temporary 
macrocytosis does not occur. 

In the cure of the milk anemia of the rat vitamin Bj 
fraction apparently exerts an influence both upon the 
synthesis of hemoglobin and the maturation of the 
erythrocyte. 

The Development of Pneumococcic Antibodies in Chil- 
dren. By W. D. Sutliff and (by invitation) John 

A. V. Davies, Chicago, IlL 

The appearance of senun immune bodies and other im- 
mune reactions with increasing age, without apparent in- 
fection by the corresponding microrganisms, has given 
rise to two hypotheses: (1) subclinical infection and (2) 
physiological development. The first of these, or con- 
tact between host and microorganism without disease. 
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may be investigated in man during a period when immune 
phenomena are being established, and this has been done 
in the study to be reported. The study is facilitated by 
the ready identification of type specific pneumococcic 
strains and their corresponding antibodies, and knowledge 
that such antibodies develop most often about the age of 
2 years. Contacts with pneumococci and the appearance 
of blood bactericidal power for certain strains were ob- 
served in 9 infants from 5 to 21 months of age during a 
period of 5 winter months. Three infants developed 
antibodies for Type II pneumococci. None were ob- 
served to carry Type II pneumococci in their pharynges 
during this period. Data were assembled as to the health 
of all the infants and as to the incidence, type and patho- 
genicity of the pneumococcic strains that were encoun- 
tered. It is concluded that neither true infection nor a 
carrier state of as long as one week are necessary to 
the appearance of Type II pneumococcic bactericidal ac- 
tion of the blood. 

The Effect of Iodine on Certain Aspects of Cholesterol 
Metabolism, By Kenneth B. Turner and (by invita- 
tion) Frederick H. Shiluto, New York, N. Y. 
Thoracic duct fistulae were produced in otherwise nor- 
mal dogs and the chyle cholesterol determined after feed- 
ing cream and cream plus cholesterol. Thorough iodiza- 
tion of another group of dogs did not prevent the rise 
normally observed in chyle cholesterol after ingestion of 
cream and cholesterol. It was concluded that KI had 
no effect upon the absorption of cholesterol. 

KI was given to rabbits previously fed with cholesterol 
over a long period and showing a markedly elevated cho- 
lesterol in the blood. A sharp rise in blood cholesterol 
occurred that disappeared when KI was stopped. This 
rise took place regardless of the presence or absence of 
the thyroids. The previously reported action of KI in 
preventing a rise in blood cholesterol when fed concur- 
rently with cholesterol was shown to be of a transient 
nature. 

An attempt was made to determine whether KI was 
capable of mobilizing tissue cholesterol. Rabbits were 
fed cholesterol for several months. One-third of the 
animals were killed and the liver cholesterol determined. 
Of the surviving rabbits half were given KI for a further 
period, and the other half used as controls. After two 
months all the animals were killed and the liver choles- 
terol determined. 

The Phase Angle as a Test for Thyroid Dysfunction. By 
Franklin D. Johnston (introduced by Frank N. 
Wilson), Ann Arbor, Mich. 

Following the method described by Brazier,i> » ^e have 
measured the phase angle of a number of normal indi- 
viduals and patients having hyperthyroidism or myx- 
edema. 

For normal adult males and females the phase angles 
1 M. A. B. Brazier. Institution of Elect. Engineers, 
1933, 73: 204. 

= M. A. B. Brazier. Lancet, 22S: 742, Sept. 30, 1933. 


fall into two distinct groups according to sex. For each 
sex there is considerable individual variation from the 
mean of the group, but the mean values agree closely 
with the results of Brazier. Patients with hyperthyroid- 
ism show a definite decrease in the phase angle usually 
outside the limits of normal variation and occasionally 
nearly 50 per cent below the average normal value for 
the patient’s sex. Following thyroidectomy there appears 
to be no change in the phase angle until a period of ap- 
proximately three weeks has elapsed. After this time, 
the angle increases gradually until it is within normal 
limits. After oral administration of thyroid substance 
no lowering of the phase angle has been observed until 
the patient has been taking the drug for at least a month. 
The phase angles -obtained from a few patients with 
myxedema, before thyroid therapy was instituted, were 
within normal limits. 


The Occurrence of Coronary Air Embolism in ArlificinI 
Pneumothorax, By T. M. Durant^ (introduced by 
Frank N. Wilson), Ann Arbor, Michigan. 

This paper is based on the observation of a case m 
which, following air embolism complicating attempted ar- 
tificial pneumothorax, a series of exceedingly interesting 
electrocardiographic changes was observed. The case uas 
predominantly one of unilateral pulmonary tubercu osis 
and congenital pulmonary stenosis, in which an electro- 
cardiogram prior to treatment had been negative excep 
for right axis deviation. A series of electrocardiograms, 
following the acute collapse due to the air cmboism, 
showed findings and progressive changes in both c 
initial and final deflections of the ventricular comp e 
typical of myocardial infarction. The ‘ 

taken within three hours of the accidents. The change 
noted persisted for approximately a year, at t ic en 
which time there was a return to the type of curv 
served before the infarction. _ , 

The general subject of air embolism^ is discusscd ^^^^ 
reasons are given for attributing the ^ 
to involvement of the coronary vessels 
process. 

A Sphygmographic Method for the ^ S 

and Diastolic Blood Pressure m Dogs. . , jjy 
Curves from Normal and Hypertensive A 
J. Edwin Wood, Jr. and (by invitation) J 
University, Virginia. , . f 

Methods for the study of systolic and 
pressure in the unancsthetized dog lave 
unsatisfactory. With one exception ( values arc 

experiments showing both systolic an m 
not available in the literature. 

is to describe a modification of t c o cn 

which permits repeated systolic and la procedure 

the unanesthetized dog and to iHus cn 

with curves made up of numerous determ.n 
normal and hypertensive animals. 

5;^;;;;^ent M internal Medicine, Univcrsu. 


chigan Medical School. 
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A compound lever of special design (Kolls) is arranged 
with a mercury column, a pneumatic cuff for the dog’s 
leg, and a brass control valve as in the usual sphygmo- 
graphic assembly. The original Erlangcr rubber bulb 
is difficult to obtain and the more recent Erlanger sphyg- 
moscope has been tried and found to be unsatisfactorj- in 
the lower diastolic ranges. These difficulties have been 
ob\’iated by the use of a metal pressure bell carrjdng a 
heavy piece of automobile tubing as membrane between 
the cuff and lever systems. This simple modification 
allows sensitive and accurate response of the compound 
lever at all blood pressure levels. The accuracj- of the 
method is supported by the original ma.vimum-minimum 
■\-alve e.vperiments of Kolls and Cash as well as by our 
own recent observations. A simple check with simul- 
taneous auscultatory and sphygmographic records on 
humans is convincing. 

Eight dogs have been subjected to several procedures 
with repeated blood pressure observations before and 
after operation. In addition to the blood pressures, 
twentj'-four hour water intake, output and specific gravity 
and blood nonprotein nitrogen determinations have been 
recorded at intervals. 

The following table indicates operative procedure, dura- 
tion of study and result From 100 to 160 blood pressure 
determinations have been made on each animal. 




Dura* 

lion 

of 

study 

Before 

operation 

After 

operation 

Dos 

Operation 

Mean 

s>**toUc 

Mean 

dias- 

tolic 

Mean 

systolic 

Mean 

d^3- 

tolic 

C-1 

Goldblatt clamps 

Mor.thi 

7 

167.4 

71.9 

200.0 

111.3 

C-IS 

Goldblatt clamps 

13 

160.9 

S2.85 

185.4 

79.95 

C-9 

Goldblatt clamps 

13 

148.0 

S4.0 

215.3 

96.4 

C-11 

Subtotal 

nephrectomy 

IS 

17S.1 

63.5 

186.4 

76.3 

C-2 

Subtotal 

nephrectomy 

15 

172.2 

79.3 

179.8 

87.6 

C-6 

Partial renal 
artery ligation 

IS 

160.0 

61.2 

193.7 

79.2 

C-8 

Partial renal 
artery ligation 

IS 

132.9 

60.9 

133.7 

66.9 

C-3 

Partial renal 
artery ligation 

IS 

1S0.S 

55.3 

198.0 

87.1 


Significant elevations in systolic and diastolic blood 
pressure have occurred in six of the eight animals. Di- 
astolic readings have been less variable than systolic and 
are essential to the study of hypertension in dogs. The 
most striking blood pressure rise has taken place when 
renal ischemia has been produced by the apph'cation of 
Goldblatt clamps to the renal arteries. 




A STUDY OF THE STANDARDIZATION OF DIGITALIS. I. A 
METHOD FOR CLINICAL STANDARDIZATION 

By F. R. DIEUAIDE, C. L. TUNG, axd C. W. BIEN 
(From the Department of Medicine, Peiping Union Medical College, Peiping, China) 

(Received for publication April 18, 1935) 


It was at least partly because clinical observa- 
tions led to the conclusion that different speci- 
mens of digitalis varied in their potenc}- that the 
need for assay of the drug was realized. It would 
seem natural, therefore, to suppose that much 
attention would have been given to the clinical 
standardization of digitalis. In an exact sense, 
however, this is not the case. The problem is, 
indeed, a difficult one. It is necessary to know 
the rate of absorption of digitalis, and desirable 
to know its fate and its rate of elimination. The 
rates of absorption and elimination of some prep- 
arations have been worked out, though not in any 
large series or with great accuracj-; the results 
show considerable variation from person to per- 
son, so that the averages reached stand for a 
wide range in a relatively small group of cases. 
When the drug is given by mouth, the speed and 
amoimt of absorption varies with different prep- 
arations and perhaps with the degree of conges- 
tive failure, if that condition is present. The 
tincture, however, is apparently fairly promptly 
and evenly absorbed in most cases (1). Intra- 
venous or subcutaneous administration eliminates 
certain variables, but is restricted to certain prep- 
arations and is not commonly necessarj' in clinical 
practice. Verj’- little, indeed, is known of what 
becomes of the digitalis that is absorbed. Some 
effect _of a full dose may last as long as three 
weeks (2). The Eggleston method (3) of giving 
the drug involves the calculation of the amount 
required for an individual on the basis of his 
weight. This plan coupled with the average daily 
excretion found by Pardee (4) has been widely 
used; it assumes the possibilitj' of clinical stand- 
ardization. 

Clinical experience with the body-weight 
method of calculating the dose of digitalis gives 
variable results, even with the same sample of the 
drug. This is not astounding, since two patients 
in exactly the same condition can hardly be found. 
The weight of the body is but one of its variable 


functions. The number of its functions which 
influence the effect of digitalis must be great. It 
has been shown that age is important, for )'Oung 
children require up to two or two and a half 
times the body- weight dose for adults (5). The 
Eggleston method (3) of giving the drug has 
been found very^ useful, and has done much to 
clarify the problems of the clinical use of digitalis. 

It is remarkable that we have not been able to 
find any report of tbe clinical standardization of 
digitalis in which effort was made to study the 
limits of accuracj’ of the methods emploj-ed, bj' 
givdng the same preparation in different strengths 
to the same individual. The most interesting at- 
tempts at exact clinical comparison of different 
preparations are those of Gilchrist and Lj'on (6, 
7) and Martin (8). Both of these reports are 
based on the studj’ of three samples of leaves 
supplied by the Hj'giene Committee of the League 
of Nations. The samples were extensively 
“ standardized ” bj' both frog and cat methods in 
manj’ laboratories (9). Gilchrist and Lj'on finallj- 
restricted their considerations to observations 
made on patients with auricular fibrillation and 
adopted as their criterion for the effect of the drug 
the drop in ventricular rate in terms of the initial 
ventricular rate. Martin employed patients with 
cardiovascular disease, both with and vrithout 
auricular fibrillation, and took into consideration 
clinical eridence of improvement, minor toxic 
sj-mptoms and pulse rate, blood pressure, and 
A— V conduction time. In both of these groups 
there was a variable degree of heart failure. In 
neither was special effort made to give all samples 
to the same individuals. Brieflj' summarized, the 
potencies of leaves “ A ” and “ B ” are given in 
terms of leaf “ C.” It should be pointed out that 
with improved understanding of the problem and 
with better standardization of technique, more 
consistent results can readilj- be attained. The 
two clinical studies reversed the position of leaf 
“ B ” with respect to “ C." That the results are 
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SO divergent is, of course, due in large part to the 
fact that various methods and techniques were 
used. The divergence illustrates the difficulties 
involved. 

TABLE I 

Comparison of assays from literature 


Assay ~ 

A 

B 

c 

Frog methods, averages (9) 

SO.l 

94.3 

100 

Cat methods, averages (9) 

60.5 

116.7 

100 

Clinical (6) 

64.3 

88.9 

100 

Clinical (8) 

75.8 

141.5 

100 


In consideration of the desirability of accuracy, 
purely clinical criteria seem out of the question 
for these tests. The degree of congestive failure 
changes spontaneously and with time. The clin- 
ical effects of digitalis seem to vary with the de- 
gree of failure. The occurrence of congestive 
failure is, furthermore, a general indication for 
digitalis treatment, so that it is difficult to with- 
hold the drug in its presence. The long inter- 
val which must elapse to secure freedom from 
previous doses renders it impossible to reproduce 
the same conditions in successive tests. It seems 
best to eliminate, therefore, the factor of clinical 
congestive failure, as far as possible. 

The results of Gilchrist and Lyon suggest that 
the drop in ventricular rate, in the presence of 
auricular fibrillation, expressed in terms of the 
initial ventricular rate, may be a good criterion 
for the effect of digitalis. This method appar- 
ently cannot be used for the trial of different 
samples in the same individuals, however, because 
the effect is demonstrably different at different 
times. (Is this because of variation in the degree 
of congestive failure (16)?) The method must' 
be confined to statistical studies in which large 
numbers of individuals preferably without failure, 
not available to us, are employed. (It is well 
known that the effect of digitalis on the rate of 
the normal mechanism is too variable to be ap- 
plied for the purpose in hand.) 

METHODS 

In planning our investigation, it was decided to 
rely principally and finally on objective observa- 
tions, and to give to the same subjects all the 
samples of digitalis to be compared. The subjects 


selected were normal individuals or patients with 
cardiovascular disease, but without clinically de- 
monstrable congestive failure. They were studied 
by the usual clinical methods and were under ob- 
servation for considerable periods before the tests 
began. Except in one instance (19 days), sub- 
jects were without digitalis for three weeks, and 
in many cases for much longer periods before 
each trial. No patient had significant fever, and 
no other important drug was given at the time 
of the tests. 

The samples of digitalis were supplied by the 
Department of Pharmacology, in the form of 
tinctures, the strengths of which were unknown to 
us until the tests were completed. Because it 
was not our intention to compare the effects in 


lifferent patients, their weights were not taken 
nto consideration, although they were recorded, 
n no case was there important change in an indi- 
vidual's weight between trials. In each series 
inch subject received the same dose of the prep 
irations given him, except in one case. In the 
norning, after preliminary observations, 8 cc. (m 
he second series 10 cc.) were given. In tlie first 
ind second series this was followed by three doses 
)f 2 cc. each at 4-hour intervals ; in the third senes 
)y a single dose of 2 cc. after 4 hours. This plan 
vas adopted in the hope of detecting ear y 
ierences among the effects of the samples. 

•esults show that a single dose is pre era 
rhe order in which the samples were given 
latients was varied, but this variation oes 

leem necessary. . , , 

The special observations made included w g . 

leight, blood pressure, and ' 

Symptoms of minor intoxication were ca 
loted. In a few cases teleroentgenopani 
nade; although in some cases interesting 
iccurred, the number of observations 
lent to justify their consideration a P 
rhe present observations were made 
:ore the tests, immediately before t e 
It 4-hour intervals during the 
ind on the morning after (24 ours ‘ 

lose) . The usual leads of the ejectrocard.o 
vere taken with the subjects_ lying down . 

rhe resistance was always satisfactory ' 

tring deflection was standar ize i 
nanner, and the standard deflection 
vith each lead. The study of the 
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grams comprised measurement of the c}'cle length, 
the “ A-V ” conduction time (“P-R” intervTil), 
the duration of “electrical systole” (“Q-T”), 
the amplitude and direction of the T wave, and 
obser\-ation of the form of other waves. I^Ieas- 
urements were made with calipers under a mag- 
nifj-ing glass, in most cases in Lead II, but always 
in the same lead for different samples of digitalis 
in the same individual. Some of the measure- 
ments are difficult and perhaps unreliable in the 
presence of auricular fibrillation. The few results 
from cases of fibrillation which we present are 
averages of ten consecutive cjxles. 

RESULTS 

A sui^'ey of the features obsenxd convinced 
us that it seemed impossible to use most of them 
in any exact way for the comparison of the 
different samples of digitalis. Most of the usual 


effects of moderate doses occurred. Symptoms 
were encountered only in a verj' few instances. 
The blood pressure, as may be expected, showed 
no significant changes. Slowing of the rate, 
though slight in many cases, occurred in 38 out 
of 44 obser\-ations, but was irregular. The “ A- 
V ” conduction time was usually lengthened, often 
verj' slightly. The T wave was often decreased 
in amplitude but sometimes not. No other im- 
portant changes in the form of the deflections 
were seen. 

It has long been knoum that digitalis shortens 
the duration of systole in experimental animals. 
Cheer (13) and Berliner (14) first called atten- 
tion directly to the effect on the “ Q-T ” interval 
in human electrocardiograms. This inter\*al is 
apparently a function of the cj'cle length (which 
stretches from end of one “ T ” to end of the 
next “ T,” and includes the “ Q-T ” interval to 


TABLE n 


Electrocardiographic measurements and constant 


‘K” immediately before and 24 hours after giving samples of digitalis of 
unknown potencies 


Sub- 

Digitalis** 

P-R interval 

T wave 

Cycle length 

Q-T interval 

Constant 

ject* 

sample 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 



seconds 

seconds 

mm. 

mm. 

seconds 

seconds 

seconds 

seconds 



1 

A (3) 

0.150 

0.160 

3.0 

2.5 

0.720 

0.860 

0.320 

0.325 

0.377 


Normal heart 

B (2) 

0.140 

0.160 

3.0 

2.0 


0.960 

0.365 

0.310 

0.381 

■IKlhll 


C (1) 

0.140 

0.160 

3.4 

2.5 


0.800 

0.360 

0.315 

0-376 

12^ 

2 

A (1) 

0.170 

0.180 

-3.5 

-3.0 

1.280 


0.480 

0.410 

0.424 


Luetic eVD 

B (2) 

0.170 

0.180 

-1.5 

-1.7 

1.140 

1.390 

0.440 

0.420 

0.412 

0J56 


C(3) 

0.170 

0.180 

-1.0 

-1.5 



0.410 

0.400 

0.397 


3 

A(l) 

? 

? 

3.5 

2.0 

0.650 

0.910 

0.320 

0.370 

0.397 


AS eVD AF 

B (2) 

? 

? 

4.0 

1.5 


1.360 



0.421 

0.343 X 


C(3) 

7 

? 

3.0 

2.0 


1.030 


0.365 



4 

A (1) 

0.140 

0.150 

3.0 

2.0 

0.745 

0.645 

0.325 

0.300 

IS 3 


Normal heart 

B (2) 

0.130 

0.170 

3.5 

2.0 

0.705 

0.750 

0J35 

0.318 

Rk ^i 



C(3) 

0.145 

0.160 

4.0 

2.0 

0.740 

0.730 

0J35 

0.310 

123 


5 

B (2) 

0.160 

0.180 

1.6 

1.4 

0.805 

0.860 

0.355 

0.340 

0.396 

0.367 

Hy eVD 

C (1) 

0.150 

0.160 

1.0 

1.0 

0.780 

0.820 

0J50 

0.350 

0.396 

0.387 

6 

Rh eVD 

A 

0.165 

0.170 

1.3 

1.5 

0.800 

0.850 

0.330 

0.325 

0.369 

0.353 

7 

Rh eVD 

B 

0.195 

0.210 

1.4 

1.3 

0.625 

1.200 

0.320 

0.365 

0.405 

0.333 

8 

Hy eVD AF 

C 

? 

? 

1.8 

1.3 

0.560 

0.900 

0.310 

0.330 

0.414 

0.348 


.* , evp” is cardiovascular disease; “AS" is arteriosclerotic; “Hy” is hvpertensive; “Rh” is rheumatic; “AF” is 
auricular fibnilation. 

. j. ** ' ' “B ” and " C” are dilutions of a standard tincture of digitalis of unknown relative strengths. The numbers 

indicate the order of their administration. 

I ,, is “Q-T" interval divided by square root of t^'de length; see text, 
t Marked nausea. 
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be measured). The cycle length must, therefore, 
be taken into account. Although there is differ- 
ence of opinion as to the formula best expressing 
the relationship, that used by Bazett (15) seems 
to fit well for usual heart rates, say 50 to 120, 
and we have employed it in this clinic. Accord- 
ing to it the “ Q-T ” interval should equal the 
square root qf_the cycle multiplied by a constant 
( Q~T = Ky C) . Variations in “ Q~T ” can then 
be expressed as variation in “ K.” ^ 

A study of the values of “ K ” led us to believe 
we could do best by relying principally upon it, 
as the results seem fairly consistent. The number 
of observations is very small, but it was not our 
intention to apply the statistical method in this 
study. Only the results immediately before the 
first dose and after a standard interval are pre- 
sented. The intermediate values were neither 
more discordant nor helpful. 

In the first series (Tables II and III) three 
sVengths of the same tincture of digitalis, “ A,” 
“ B,” and " C,” were given, known to differ by 
as much as 25 per cent. In three of the four cases 


^In this investigation we are not concerned with the 
question of the normal value of “ K ” which is in the 
neighborhood of 0.38. On the whole matter, see the re- 
ports of Cheer and his co-workers (16, 17). 


in which all three tinctures were given sample 
“ B ” clearly had the greatest effect, and similarly 
in three of the four cases “ C ” had a greater 
effect than ” A” as shown by the values of " K.” 
The incomplete cases (5 to 8) happen to fit in 
with this conclusion. On the basis of the values 
of “ K ” these samples were put in the order 
B > C > A. This conclusion was confirmed by 
data supplied by the Department of Pharmacol- 
ogy, according to which the relative strengths of 

TABLE nr 


Constant “ K^’ before and after giving digitalis. 
Data front Table I 



Sample A 

Sample B 

Sample C 

Sub- 










ject 



Dif- 



Dif- 



Dif- 


Before 

After 

fer- 

Before 

After 

fer- 

Before 

After 

fer- 




ence 



ence 




1 

0.38 

0.35 

0.03 

0.38 

0.32 

0.06 

0.38 

0.35 

0.03 

2 

0,42 

0.41 

0.01 

0.41 

0.36 

0.05 

0.40 

0.46 

0.04 

3 

0.40 

0.39 

0.01 

0.42 

0.34 

0.08 

0.41 

0.36 

0.05 

4 

0.38 

0.37 

0.01 

0.40 

0.37 

0.03 

0.39 

0.36 

0.03 

Sum 



0.06 



0.22 



0.15 

5 




0.40 

0.37 

0.03 

0.40 

0.39 

0.01 

6 

0.37 

0.35 

0.02 







7 

8 




0.41 

0.33 

0.08 

0.41 

0.35 

0.06 


TABLE IV , 

Electrocardiographic measurements and constant " K” immediately before and 16 hours after giving samples of tgta 

unknown potencies * ^ — 


Sub- 

ject 

Digitalis 
tincture t 

P-R interval 

T wave 

Cycle length 


Consta 

nt "K" 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

3 

AF 

A (2) 

B (1) 

seconds 

? 

? 

seconds 

? 

? 

mm. 

2.2 

4.0 

mm. 

1.2 

3.5 

seconds 

0.855 

0.790 

seconds 

0.890 

0.970 

seconds 

0.360 

0.355 

seconds 

0.340 

0.330 

0.389 

0.383 

0.376 

0.335 

9 

Rh eVD 

A (1) 

B (2) 

0.155 

0.155 

0.160 

0.160 

-1.0 

-1.0 

-fO.7 

-fl.O 

0.905 

1.060 

1.130 

1.090 

0.430 

0.445 

0.390 

0.385 

0.452 

0.432 

O.jO/ 

0.369 

0.387 

0.352 

n ton 

10 

Rh eVD 

A (1) 

B (2) 

0.150 

0.140 

0.145 

0.150 

3.5 

3.7 

4.0 

5.5 

0.730 

0.660 

1.070 

0.990 

0.350 

0.320 

0.400 

0.350 

0.410 

0.394 

11 

Normal heart 

A (2) 

B (1) 

0.150 

0.155 

0.145 

0.160 

3.2 

1.5 

3.7 

1.6 

0.760 

0.620 

0.910 

0.855 

0.355 

0.320 

0.380 

0.358 

0.407 

0.406 

0.3S7 

0.407 

0.381 

0 890 

12 

Normal heart 

A (2) 

B (2) 

0.165 

0.160 

0.190 

0.175 

2.5 

3.5 

3.0 

3.6 

0.725 

0.840 

0.920 

1.030 

0.358 

0.360 

0.390 

0.390 

U.420 

0.393 

13 

Rh eVD 

A (1) 

B (2) 

0.160 

0.150 

0.160 

0.160 

3.5 

3.0 

4.0 

4.5 

0.850 

0.760 

1.000 

1.000 

0.360 

0.345 

0.390 

0.380 

0.390 

0.396 

0,3:0 


* Sec notes to Table I. . . , 

t “A" and "B” are samples of standardized aged and fresh tinctures of digitalis tnot 
elusions were reached). Numbers denote the order of administration. 


known 


apart before 


the con- 
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the samples were B = 125 per cent, C= 100 per 
cent, and A = 75 per cent. 

The second series (Tables IV and V) included 
two tinctures, A and B, one known to be old and 
the other fresh. By misunderstanding, they were 
both given to us in weak form (4.5 per cent), 
instead of the usual concentration of 10 per cent. 


TABLE V 

Cotistant " K” before and after giving digitalis. 
Data from Tabic III 



Tincture A 

Tincture B 








iect 



Differ- 

Before 

After 

Differ- 




cnce 

\ 



3 

0.39 

0.38 

0.01 

0.38 

0.34 

0.04 

9 

0.45 

0.37 

0.08 

0.43 

0.37 

0.06 

10 

0.41 

0.39 

0.02 

0.39 

0.35 

0.04 

11 

0.41 

0.40 

0.01 

0.41 

0.39 

0.02 

12 

0.42 

0.41 

0.01 

0.39 

0.38 

0.01 

13 

0.39 

0.39 

0.00 

0.40 

0.38 

0.02 

Sum 


0.13 


0.19 


The effects were, therefore, not marked. Never- 
theless, we concluded that “ B ” was somewhat 
stronger than “ A,” for in four of the six cases 
the changes in the value of " K ” were in that 
direction, though the difference did not seem to 
be great. Data supplied after this decision was 
reached showed that standardization of the tinc- 
tures just before the first tests gave these results 
(the differences are not statistically significant) ; 


Sample 

1 

Potency 


Dog 

Cat 

Frog 

A (Aged) 

0.90 

0.95 

0.84 

B (Fresh) 

1.00 

1.00 

1.00 


The same method was applied to the study of 
a third pair of unknown samples, the nature of 
which together with the results of the work is 
described elsewhere (18). 

DISCUSSION 

In the first series, the method employed en- 
abled us to distinguish correctly between three 
s^ples of the same preparation of digitalis, which 
differed in strength b}* 25 per cent. The results 
do not lead us to believe we can confidently and 


reliably distinguish between preparations differing 
by significantly smaller strengths. It is recog- 
nized that they need confirmation. The statistical 
method applied to a large series of cases might 
clarify the situation. 

It should be noted that we are not prepared to 
say that the strengths of the samples are in direct 
proportion to the changes produced in the value 
of “ K.” There are some indications that the 
formula used may not apply to very slow or ver}' 
fast rates. In slow rates a constant factor may 
be needed to express a natural limit of relative 
increase in “ Q-T.” Such a constant factor would 
then be taken into consideration in comparing 
proportionately changes in the value of “ K.” 

On the basis of these results the common prac- 
tice of giving adult patients of usual size a total 
dose of digitalis of 1.0 to 1.2 gram in terms of 
potent powdered leaves, seems justified. In other 
words, calculation of the dose is not in general 
necessarjL In very small or in veiy large indi- 
viduals, factors with which this investigation did 
not deal may modify the dose. There are sug- 
gestions that in advanced age susceptibility to 
digitalis is increased, but the question has appar- 
ently not been seriously studied. The mainte- 
nance dose does not seem to depend upon weight 
in any case (19), but rather on the amount in 
the body (20). 

Standardization of digitalis for clinical use is 
necessary in order to establish the fact that a 
preparation is not inert, unduly feeble, or too 
strong. 

As to the second series, the differences found 
seem to be slight. They were in the same direc- 
tion as those shown by animal assays, even though 
these were not statistically significant. It is pos- 
sible that the fresh tincture was a little more 
potent than the aged preparation. Our chief in- 
terest lies in the fact that there was no discrep- 
ancy between the animal and clinical standardiza- 
tions. 

It is evident that the greatest care is necessarj’ 
in attempting to carr\' out the clinical standardi- 
zation of digitalis. The only methods so far sug- 
gested which seem to offer the promise of reliable 
results are those of Gilchrist and Lyon, in which 
the effect of a sample is judged in patients the 
subject of auricular fibrillation by the drop in 
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ventricular rate in terms of the initial ventricular 
rate, with statistical control ; and the method here 
reported of using the decrease in the “ Q-T ” 
interval in relation to the cycle length (“ T-T ” 
interval, preferably). For the latter method the 
use of a comparator, which has not been available 
to us, seems desirable. Careful study of the 
“ P-R ” interval and “ T ” wave should be made, 
as it is still uncertain to what extent these phe- 
nomena may be important aids in arriving at final 
conclusions. Those portions of the cardiac cycle 
which are used for correlation (such as cycle 
length and “ Q-T ” interval) should be measured 
in the same cycles. In both cases it is necessary 
to test the capacity of the method by giving dif- 
ferent strengths of the same preparation to the 
same subject. It is clearly desirable likewise to 
give the various samples under trial to the same 
patients. For the second method, at present it 
seems desirable to use both normal subjects and 
patients with cardiovascular disease, but it is im- 
portant to know to which group the subjects be- 
long. The drug is best given in a single dose of 
a size determined from assay by a standard ani- 
mal method, but well below the amount which 
might be expected to produce effects so marked 
as to mask differences between the samples being 
compared, at a definite time in relation to meals. 
The same dose of each of the samples to be com- 
pared should be given. It is believed that the 
following conditions should be met in making 
comparisons of the strengths of digitalis prepara- 
tions ; 

Age limits, 20 to 50 years ; careful study as to 
whether cardiovascular disease is present ; no clin- 
ically demonstrable congestive failure; no fever 
for two weeks ; no recent serious illness ; no diar- 
rhea or vomiting; no digitalis for 30 days; no 
important drug therapy (especially no opiate) 
during the tests ; hospitalization and a constant 
diet throughout, or certainly during, the tests ; the 
observations to be compared should, if possible, 
be made at the same time of day, and under con- 
ditions as nearly comparable as they can be made. 

SUMMARY 

Past efforts to standardize digitalis by clinical 
study are briefly reviewed. 

Attempt was made to ascertain the feasibility 


of separating by clinical assay different strengths 
of the same tincture of digitalis. In the condi- 
tions of the experiments, among the phenomena 
observed (which included symptoms, weight, blood 
pressure, cardiac rate, and various aspects of the 
electrocardiogram), only one seemed clearly help- 
ful. The effect, under standard conditions, of 
three such samples, on the " Q-T ” interval of 
the electrocardiogram, stated in relation to the 
cardiac cycle length, made it possible to distin- 
guish potencies related as 75:100:125. Aged 
and fresh samples of the same tincture, were 
similarly tested. 

The conditions for satisfactory clinical assay 
of digitalis are discussed, and a standard set out- 
lined. 
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It is commonly assumed that either frogs or 
cats may be used for the assay of digitalis, pro- 
Uded that suitable standards and experimental 
techniques are employed. Assay in frogs is the 
official method of the tenth revision of the United 
States Pharmacopoeia. The British Pharmaco- 
poeia (1932) permits the use of both animals. 
Occasionally, however, there are encountered sub- 
stances in digitalis leaf or glucosides from plants 
related pharmacologically to digitalis which are 
not of the same relative potency in frogs and in 
cats. The cumulation experiments in animals and 
the clinical experiments reported in this paper 
were undertaken to learn, in the case of two Af- 
ferent samples of digitalis leaves, whether the re- 
sults could be correlated with a method of assay. 

METHODS AND RESULTS OF ASSAY 
Seven different samples of powdered leaves of 
Digitalis purpurea were systematically investigated 
to ascertain their toxicity toward frogs {Rana 
iiigroinaculata) and mammals (cats and dogs).^ 
Extracts of each sample were made by using ab- 
solute alcohol in a Landsiedl extractor operated 
for eight hours (see Foster and van Dyke (1)). 
Two samples (D and F) were found to be equally 
toxic when administered to cats and dogs; in 
frogs, on the other hand, sample D was sig- 
nificantly more toxic than sample F. Tinctures 
freshly prepared were used to learn their cumula- 
tive potency in dogs and their effectiveness in the 
clinic. 

In the preparation of the tinctures for injection 
. into frogs, alcohol was removed by the method 
described previously (1). Reasonably accurate 
measurements of potency were made by using, in 
most cases, groups of twenty to thirty frogs. 

nVe are indebted to Mr. F. A. Upsber Smith for 
samples of leaves of Digitalis purpttrea. 


Eighteen hours after the injection of the alcohol- 
free extract into the ventral lymph sac, the mor- 
tality rate was observed. It was usually neces- 
sary to estimate the dose which would have killed 
fifty' per cent of a group of frogs; for this pur- 
pose we employed the table given in the Brit- 

TABLE I 


The potency of leaf F relative to leaf D 
as determined by assay in frogs 



Number 

1 Dose 

Potenej' 

Potency 

Extraction 

of 

killing 

of F 

in terms 

number 

fross 

1 fifty 

m terms 

of US.P. 


used 

percent 

of D* 

osabatn 



mgm. per 
kgm. 


XfO-‘ 

ID 

20 

209 

0.72 


1 F 

20 

289 



ID 

30 

215 

0.65 


1 F 

30 

1 

333 



2D 

30 

216 

0.58 


2 F 

30 

370 



3D 

30 

230 

0.67 


3 F 

30 

345 



6D 

15 

230 

0.64 


6 F 

15 

357 



11 D 

20 

360 

0.78 

6.67 

11 F 

20 

460 


5.22 

Ouabain 

20 

0.240 



IID 

20 

310 

0.70 

6.55 

11 F 

20 

A4S 


4^7 

Ouabain 

20 

0.203 


Internal. S.P.f 

20 

270 


8J8 

Ouabain 

20 

0.226 


Internal. S.P. 

30 

255 


8.08 

Ouabain 

30 1 

0.206 



Internal. S.P. 

40 

311 


9-33 

Ouabain 

40 

! 

0.290 

i 




*Mean and standard error of mean potenej' of F in 
terms of D = 0.68 — 0.024. 
t Internal. S.P. = International standard of potencj-. 
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ish Pharmacopoeia (1932). Preliminary experi- 
ments, which are not reported, were performed 
with batches of ten frogs each to learn the ap- 
propriate doses; this was necessary because of 
variations in susceptibility due to such factors as 
season and previous care. Complete assays of 
five dififerent tinctures of each sample (D and F) 
were made. The mean and the standard error of 
the mean of all the measurements of the potency 
of leaf F in terms of leaf D were found to be 
0.68 ± 0.024 (Table I). The results were suffi- 
ciently consistent to justify the belief that leaf F 


ration of meat, bread, and vegetables, as well as 
the housing of the dogs, was controlled. Ordi- 
narily it was possible to inject only four dogs 
daily; one pair received suitable doses of tincture 
D and the other of tincture F. The tinctures were 
diluted with isotonic saline solution and thoroughly 
mixed just before intravenous injection (ante- 
brachial, saphenous, or external jugular vein). 
No anesthetic was employed. It was not found 
feasible to make electrocardiograms routinely ; the 
respiratory rate, heart rate, and peculiarities of 
cardiac rhythm, as well as the presence or ab- 


TABLE II 


The potency of leaf F relative to leaf D measured in mammals 


Group 


Animal 

Number 

Mean and standard error 
of mean lethal dose 

Potency 


used 

Animal 

Of 

prepara- 

tion 

In terms of 

1 

2 

3 

4 

5 

6 

7 

< 

Leaf D 

Leaf D 

Leaf F 

Leaf F 

U.S.P. ouabain 
U.S.P. ouabain 
Internat. S.P. 

Cat 

Dog 

Cat 

Dog 

Cat 

Dog 

Cat 

10 

9 

10 

9 

10 

10 

7 

titgm. per kgm. 

70.2 ± 4.71 

80.1 ± 6.73 

67.7 ± 5.41 

75.6 ± 3.30 

0.0807 ± 0.0053 
0.0843 ± 0.0062 

56.6 ± 3,21 

Cat 

Dog 

Cat 

Cat 

Cat 

Cat 

Dog 

Dog 

Leaf F 
Leaf F 
Leaf F 
Leaf D 
Leaf F 
LeafD 
Leaf F 
LeafD 

Leaf D: 1.04 
Leaf D: 1.06 
Internat. S.P.: 0.84 
Internat. S.P.; 0.81 
Ouabain: 1.12* 
Ouabain: l.OS* 
Ouabain: 1.19* 
Ouabain: 1.15* 


* X 10-3. 


had a potency about 70 per cent of that of leaf D 
in frogs. 

All the mammalian (cats and dogs) assays were 
performed according to a modified Hatcher-tech- 
nique similar to that of Wallace and van Dyke 
(2). The condition and previous care of the ani- 
mals used, as well as the experiments themselves, 
were kept uniform. The assays were about equal 
(Table II). Leaf F in fact appeared to be 
slightly more potent, although the difference is not 
significant. The probability that the lethal doses 
for cats would be lower than those for dogs is 0.25 
both for. Groups 1 and 2 and Groups 3 and 4. 
The potencies of leaves D and F in terms of 
U. S. P. ouabain and international standard 
powder were approximately the same (Table II), 

Ctanulaiive poisoning in dogs 

The cumulative effects of tinctures of samples 
D and F were assayed in dogs (2). Only healthy 
dogs, of comparable weight, were selected. The 


sence of vomiting, salivation, and diarrhea, were 
however recorded daily before and one hour after 
injection. 

In some of the hearts were found, at necropsy, 
several specimens of Dirofilaria minitis, but there 
was no evidence that the presence of these con- 
tributed to the death of animals. In si.\' pair's 
infection with filaria was present as ascertained 
by examination of blood smears and at necrop.s) 
(Table III, Groups .1 and 2). Seven pairs of 
animals, a fraction of which were filaria-infectcd, 
and six additional pairs, the group of filaria-frcc 
animals, comprise Groups 3 and 4 (Table I )■ 
No other abnormalities were found. 

The animals were iveighed once every 48 hour.s- 
There was progressive loss of weight averaging, 
at death, about 17 per cent. ^ 

If the mean survival periods of Groups 1 ?-n'' - 
and 3 and 4 are compared (Table IH), 
no evidence that leaf D differs significanth 
leaf F. There were also no apparent didcre.-- 
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TABLE III 


Cumulative poisouiug by tinctures of leaves D and F. 
Thirty-five per cent of a lethal dose was 
administered daily to each dog 





Animals 


Mean and 


Groap 

Tincture 

made 

from 

Kmn- 

Mean ireight 

standard er- 
ror of mean 
sarTival 
period 

Bemarba 



ber 

Alftirl 

At death 


1 

LeifD 

6 

tjn. 

13.t 

lyn- 

11.0 

dayi 

10.7 =i= 2.42 

Ko filaria bfection 

•> 

Lraf F 

6 

12.S 

10.7 

9.2 zfc 0.48 

No filaria infection 

3 

LeafD 

13 

12.9 

10.7 

10.8 ±1.35 

niaria infection in 

4 

UiTF 

13 

12.9 ; 

1 

10.7 

SS ± 0.70 

some amaats ^ 
nia-na bfection b 



some ardmals 


in the effects of the tivo samples on the cardiac 
rate and rhjlhm. The probabilit}' that similar 
differences in the mean surv’ival period would be 
encountered by chance is 0.56 for Groups 1 and 2, 
and 0.15 for Groups 3 and 4. It may therefore 
be concluded that the potencies of these tinctures 
(when used as cumulative poisons) were estimated 
more accurately by assay in cats and dogs than in 


frogs. It is of interest, but of doubtful signif- 
icance, that sample F, although much less potent 
in frogs, nevertheless appeared equal or slightly 
more potent in cats and dogs when assayed not 
onl}' by acute experiment but also by the cumu- 
lation method. 

Clinical mcasurenicnfs of the potency of the 
tinctures 

In a clinical assay it was possible to distinguish 
among three strengths of the same tincture, the 
relative potencies of which were 75:100:125. 
Were the frog method of assay to give \-alues 
parallel with those found in the clinic, leaf F 
should turn out, in the clinic, to have only seventj' 
per cent of the strength of leaf D — ^the relation 
actually found in frogs. In mammals, the two 
leaves were in fact equal. 

For comparison with the assays in animals, the 
electrocardiograms of individuals, both normal 
and subject to cardiovascular diseases, were 
studied. All the subjects except 14 and 19 re- 
ceived courses of treatment uith both tinctures 


TABLE IV 


Electrocardiographic measurements and constant “K" before and after tinctures of leaves D and F 


Sublect ♦ 

Digitalis** 

“P-R" interval 

1 

T wave 

1 

Cycle length 

"O-T” 

intervaJ 

Constant 

tincture 

1 Before 

After 

Before 

After 

Before 

After 

Before 

After j 

Before 

After 



steemdz 

secemdi 

mm. 

mm. 

secemdz 

suonds 

ztconds 

zeconds ' 



3 

D (2) 

? 

? 

3.0 

2.5 

0.730 

1.080 

0.315 

0.360 j 

0.369 

0.347 

AF 

F(l) 

? 

? 

2.2 

2.0 

1.083 

1.323 

0.356 

0.364 1 

0.342 

0.3161 

12 

D (1) 

0.160 

0.165 

3.0 

4.0 

0.800 

0.810 

0.355 

0.355 

0.397 

0.376 

Normal 

F(2) 

0.160 

0.170 

2.5 

2.0 

0.940 

0.810 

0.365 

0.340 

0.394 

0.378 

14 

F (1) 

0.145 

0.160 

3.0 

2.5 

0.665 

0.705 

0.315 

0.305 

0.386 

0.363 

Normal 

F(2) 

0.150 

0.160 

3.0 

2.5 

0.640 

0.950 

0.310 

0.340 

0.388 

0.349 

15 

D (2) 

0.180 

0.200 

2.3 

2.0 

0.840 

0.800 

0.380 

0.340 

0.415 

0.380 

Luetic CVD 

F(l) 


0.230 

2.5 

2.0 

0.835 

0.920 

0.365 

0.330 

0.399 

0.344 

16 

D (2) 

0.165 ' 

0.200 

1.3 

1.3 

0.610 

0.605 

0.330 

0.320 

0.422 

0.411 

Con CVD 

F(l) 

0.165 

0.210 

1.5 

0.5 

0.590 

0.560 

0.320 

0.280 

0.417 

0.374 

17 

D (1) 

0.140 

O.lSO 

0.3 

1.0 

1.140 

1.160 

0.400 

0.370 

0.375 

0.344 

Hy CVD 

F(2) 

0.130 

0.160 

1.0 

0.5 

1.080 

1.135 

0.400 

1 

0.380 

0.385 

0.333 1 

18*1 

D (2) 

0.160 

0.160 

0.8 

1.3 

0.860 

0.960 

0.350 

0.360 

0.377 

0.367 

Normal 

F(l) 

0.150 1 

0.160 

3.0 

2.5 

1.035 

1.200 

0.400 

0.400 

0.393 

03S3 

19 

Normal 

D 

0.155 

0.160 

4.0 

3.0 

0.600 

0.660 

0.320 

0.320 

0.413 

0J94 


^J‘AF” is auricular fibrillation; “CVD” is cardiovascular disease; “Con” is congenital; “Hy” is hypertensive. 
* The numbers in parentheses indicate the order of administration of the tinctures, 
t “K” is "Q-T” interval divided by square root of cj'de length, 
t Marked nausea. 

U Only 0.8 proper dose of each tincture. 
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(Tables IV and V). Because of a misunder- 
standing Subject 3 was given 0.3 gram of digi- 
talis leaf ten days before tincture F but in all 
probability without appreciably affecting the re- 
sult. The average shortening of the constant 

“K” (= Q-T interval/Vcycle length) was 

greater after taking tincture F, although it was 
consistently weaker by frog assay. The mean 
degree of shortening of “ K ” and the standard 
error of the mean were 0.023 ±: 0.0056 for tinc- 
ture D and 0.035 ± 0.0099 for tincture F. The 
difference between the means is not statistically 
significant. In dogs also tincture F appeared to 
be somewhat the stronger. 


TABLE V 

Constant " K ” before and after tinctures of 
leaves D and F 



Tincture D 

Tincture K 

Sub- 







ject 



Dif- 



Dif- 


Before 

After 

fer- 

Before 

After 

fer- 




ence 



ence 

3 

0.37 

0.35 

0.02 

0.34 

0.32 

0.02t 

12 

0.40 

0.38 

0.02 

0.39 

0.38 

0.01 

15 

0.42 

0.38 

0.04 

0.40 

0,34 

0.06 

16 

0.42 

0.41 

0.01 

0.42 

0.37 

0,05 

17 

0.38 

0.34 

0.04 

0.39 

0.33 

0.06t 

18* 

0.38 

0.37 

0.01 

0,39 

. 

0.38 

0.01 

Sum 



0.14 



0.21 

14 




0.39 

0.36 

0.03 

14 




0.39 

0.35 

0.04 

19 

0.41 

0.39 

0.02 





* Only 0.8 proper dose. f Marked nausea. 

DISCUSSION 

The results of this investigation do not justify 
the generalization that assay of all or most sam- 
ples of digitalis can be performed more usefully 
in cats or dogs than in frogs. More data with 
other samples are required. Our data offer sup- 
port, however, for this generalization. Tinctures 
made of leaf F were significantly weaker by frog 
assay than those made of leaf D. On the other 
hand in the mammalian assays, in the clinical tests, 
and in the cumulation experiments in dogs, they 
were all equally potent. Tinctures of leaf F ap- 
peared in fact somewhat stronger than D-tinctures 
in mammalian experiments, although our data on 
this point are inconclusive. 

A reason for the different results with F and 


D may be due to a higher concentration of genins 
and a lower concentration of glucosides in leaf F. 
It appears to be the general conclusion (4, 6) 
that the genins are less potent (one-third to one- 
fifth) in frogs than the corresponding glucosides 
but have approximately equal strength in mam- 
mals (cats). Grober (5) has come to a different 
conclusion, however; in frogs he thinks they 
(genins and glucosides) are equal, but in rabbits 
the genins about a third as powerful. It seems 
likely, furthermore, that genins are more loosely 
bound to cardiac muscle than are glucosides (7, 
8) and also more easily excreted. The inference 
would be natural therefore that if the F-leaves 
were richer in genins they would be weaker clin- 
ically and in cumulation experiments than the D- 
leaves. But F-leaves appear on the contrary to 
be as potent as D-leaves; sometimes indeed more 
potent. 

In the case of the glucoside scillonin, Wallace 
and van Dyke (2) found that slight cumulative 
poisoning was associated with a relatively low 
acute toxicity in frogs and a high acute toxicity 
in cats and dogs. These findings obviously are 
different from those sometimes encountered in 
similar experiments with digitalis tinctures. 


SUMMARY 

Two samples of leaf of Digitalis purpurea were 
found to be equally potent in mammals (cats an 
dogs) but to differ significantly in potency as 
measured by assay in frogs. They were a so 
compared by means of cumulation experimen s 
in dogs and by a satisfactory method of c mica 

assay. , 

The cumulation experiments m clogs i. 

Ill) and the clinical assays (Tables IV and ) 
were in agreement with the assays in mam 
(Table II). 
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CHANGES IN THE BLOOD AND CIRCULATION WITH CHANGES 
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In the erect posture the forces tending to filter 
fluid from the blood into the tissues of the de- 
pendent parts are much greater than in the re- 
cumbent position. As Krogh, Landis and Turner 
have remarked, the erect human being is always 
dose to edema (1). In a previous study of the 
effect of quiet standing (2) it was pointed out 
that the primaiy- factors concerned in limiting the 
loss of fluid from the blood in the standing-still 
position appear to be an increasing concentration 
of plasma proteins, with a resulting rise in colloid 
osmotic pressure^ and, probably, an increasing 
tissue pressure. However, secondary factors, 
changes in the circulation espedally, modify this 
mechanism, particularly under conditions of nor- 
mal activity. The changes may be the direct re- 
sult of the change in posture, as for example the 
vasoconstriction which apparently accompanies the 
change in position. They may be the result of 
other influences such as exerdse, or variations in 
environmental temperature. Under abnormal con- 
ditions, such as a nutritional hypoproteinemia, and 
particularly in border line states of such a dis- 
order, variations in these factors might determine 
the occurrence or non-occurrence of edema. 
Therefore, we have studied the effect of some of 
these secondary factors on the drculation in the 
legs and on changes in the composition of the 
blood which occur in the erect position. The 
present paper deals with (1) the effect of muscu- 
lar activity on the changes in the blood resulting 
from the erect posture, (2) changes in the dr- 
culation in the feet and legs in the erect posture, 
quiet and moring, as shown by changes in the sur- 
face temperature, (3) a comparison of the drcula- 
tion time in the quiet and moving leg in the erect 
posture, and (4) the influence of vasodilatation 

^ The increase in colloid osmotic pressure is greater 
than the increase in concentration of the proteins because 
of the increase in specific osmotic pressure, i.e., pressure 
per gram of protein. 


on the changes in the composition of the blood 
which occur on standing. For convenience in 
presentation, the methods and data in each of the 
studies will be presented separately. 

I. THE EFFECT OF MUSCULAR ACTFVTTY ON THE 
CHANGES IN THE BLOOD RESULTING FROM 
the erect POSTURE 

The influence of muscular activity' was deter- 
mined by' comparing the changes in the composi- 
tion of the blood and in the leg volume of an ac- 
tively moving leg in the erect posture with those 
of the opposite leg which was kept motionless. 
In addition a few observations were made of the 
capillaries in the great toe of the quiet leg. 

The subjects consisted of six young healthy men 
(students) and one man with nutritional edema. 
About an hour, after a light lunch the subject re- 
clined for 60 minutes or more. During this time 
the capillaries at the base of the great toe nail were 
observed with a capillary microscope. At the end 
of the reclining period a sample of blood was 
drawn from the arm.- After the blood was drawn 
the venous pressure was measured directly. The 
volume of each leg was then determined by- meas- 
uring the amount of water displaced from a rigid 
metal boot reaching to about the knee (48.3 cm.) . 
The temperature of the v,-ater was adjusted to ap- 
proximately' room temperature. After the im- 
mersion the leg was quickly' dried without rubbing. 
Each measurement occupied approximately five 
minutes and the object reclined five minutes be- 
tween the measurements of the first and second 
legs. After the volume of the second 1^ was 
measured the subject again reclined for a period 
of five to ten minutes. The subject then mounted 
a stationary bicycle, the left pedal of which was 
removed. The left leg was allowed to hang 


-It is assumed that during reclining, blood from the 
foot has the same composition as blood from the arm (2). 
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perpendicularly, supported comfortably in half 
the experiments by a platform and unsupported 
in the others. The subject began to pedal im- 
mediately with the right leg against a resistance 
which was obtained by means of an adjustable 
spool pressing against the partially deflated tire of 
the rear wheel. The position assumed is believed 
to be comparable, as far as the left (motionless) 
leg is concerned, to standing at an angle of 75 
degrees as employed in previous experiments (2). 
Pedalling was continued at a rate of forty to fifty 
revolutions per minute except for short interrup- 
tions to allow for the inspection of the capillaries 
in the toe of the motionless foot. When the 
latter was allowed to hang unsupported, it was 
supported temporarily while the capillaries were 
observed. When the right leg was not pedalling 
it was stopped at the mid point between the top 
and bottom of the stroke. Total pedalling time 
was thirty minutes but the time the subject was on 
the bicycle varied because of the time taken out 
for capillaroscopy and the drawing of samples of 
blood at the end of the period of pedalling. 
When the subject had pedalled for thirty minutes 
a sample of blood was drawn from each foot from 
a vein on the dorsum or at the internal malleolus. 
The sample from the right (moving) foot was al- 
ways drawn first and the venous pressure was de- 
termined in the left foot. The volume of each 
leg was then measured again. Because of diffi- 
culties sometimes encountered, the time relation 
of the various procedures, particularly the time 
elapsing between the cessation of pedalling, the 
obtaining of the two samples of blood and the 
final measurement of leg volume, was not the same 
in all the experiments. The samples of blood 
were drawn under oil without stasis, and with 
heparin as an anticoagulant; specimens were re- 
moved for determining the concentration of 
plasma proteins, the colloid osmotic pressure and 
.the nonprotein nitrogen. The methods of analysis 
were the same as those described in a previous 
paper (2). 

The results of the experiments are summarized 
in Table I. In four experiments the increase in 
the concentration of total proteins both actual and 
percentile, was greater in the " motionless ” (left) 
leg than in the " moving ” (right) leg.= In two, 

“ This is believed not to be the result of a lessened 
tendency to filtration, resulting from the intermittent na- 


the increase was practically the same in each leg, 
the differences being within the limit of error. 
Absence of a greater difference between the two 
legs in some of the experiments may have been 
the result of such irregularities as delay in draw- 
ing samples of blood and fainting of the subject. 
The changes in the concentration of albumin were 
similar, the one instance iri which the increase in 
concentration of albumin was greater in the 
“ moving ” leg than in the “ quiet ” leg occurring 
in the experiment in which the increase in total 
protein was' slightly greater in the moving leg. 
In two instances the concentration of globulin was 
greater in the moving than in the quiet leg. When 
the percentile increase of total protein and of the 
two fractions are compared discrepancies are 
found which suggest that variable amounts of 
either albumin, globulin or both were lost through 
the vessel wall. There is no evidence, however. 


of any consistency in respect to the amount or 
kind of protein which escaped. This lack of con- 
sistency is in accord with the observations of Lan- 
dis and his associates (3). 

In every experiment the increase in colloid os- 
motic pressure of the blood was greater in the 
“ quiet " leg, but in Subject H the difference was 
very slight, almost within the limit of experimen- 
tal error. The increase in leg volume was^greatcr 
in the “quiet” leg than in the "moving” leg m 
all the experiments. In two experiments, tie 
right or “ moving ” leg not only failed to show as 
great an increase in volume as the left but s lowc 
an actual decrease compared with its volume i 
ing the reclining period. In one of these ' 
experiments the subject was the patient \ 
edema. Although the method of measuring g 
volume is not very accurate, the 1’^'^ ° ^ 
which is believed to be within ten or teen 
is much less than the changes in vo umc 
two legs or than the differences in change o 
ume between the two legs, even in * ^ "mov- 
ments in which a decrease in volume o 

ing ” leg was found. _ 

No study was made of the quantita n 
in the eapinaries in the left (qn.ct) foot but 

the 


ure of the venous pressure in the moving 1 
vhat smaller hydrostatic of a po^' 

;ycle of movement, or the effect on eg v 
ibly lessened filling of the blood vessels 
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TABLE I 


The concentraiion of plasma proteins, colloid osmotic pressure, venous pressure, and volume of the leg -in the reclining position 

and in the quiet and moving legs in the erect posture 





Serum proteins 
















Osmotic 

Leg 

Ve- 





1 


1 



pressure 

\-olume 


Subject 

Position t 

Total 

Albumin 

Globulin 





nous 

pres- 

Remarks 


















In- 


In- 


In- 

■ 

m 


1 

In- 






crease 


crease 


crease 

HI 



crease 





Srami 

per 

cent 

per 

cent 

[rams 

per 

cent 

per 

cent 

trams 
per 
\ cent 

per 

1 cent 

1 cm. 
HiO 

per 

1 cent 

«. HjO 

cc. RjO 

cm. 

ErO 



Reclining 

6.83 


4.75 


2.08 


34.4 


R3580 


11.7 

Delay in drawing blood 

B. D. 









. L3490 



samples from feet 

Erect ^ 

7.64 

11.9 

5.32 

12.0 

2.32 

11.5 

40.5t 

17.8 

3595 

15 


Fainted 


7.88 

15.4 

5.36 

12.8 

2.52 

21.1 

42.0t 

22.1 

3590 

100 

112.8 

1 


S. B. 

Reclining 

6.65 


4.76 

1 

1.89 


35.3 


R3430 

L3490 


8.3 

Fainted 

Erect ^ 

7.24 

8.9 

5.22 

WSk 

2.02 

6.8 

43.3 

22.7 

3433 


1 

Vomited 


7.31 

9.9 

5.36 

m 

1.95 

3.2 

44.0 

24.6 

3565 

75 

111.5 


J. D. 

Reclining 

6.84 


4.49 


2.35 


34.7 


R5420 

L5175 


7.1 


Erect ^ 

7.86 

14.9 

5.15 

14.7 

2.71 

15.3 

42.5 

21.6 

5310 

-no* 



1 

9.21 

34.6 

6.08 

35.4 

3.13 

33.2 

55.4 

59.7 

5240 

65 

116.1 


j 

H. G. 

Reclining 

6.50 


4.83 


1.67 

i 

34.2 


R3572 

L3712 


5.4 


Erect ^ 

7.43 

14.3 

5.46 

13.0 

1.97 

17.9 

42.4 

24.0 

3630 

58 




8.16 

25.5 

5.90 

22.2 

2.26 

35.3 

47.0 

37.4 

3822 

110 

111.0 



Reclining 

6.70 


4.85 


1.85 


36.1 


R4140 


10.0 

Delay in drawing blood 

R.H. 

Erect ^ 




12.2 

2.03 

9.7 

41.3 


L40S0 



from right leg 

7.47 

11.5 

5.44 

14.4 

4220 

80 


Fainted, vomited 


7.42 

10.7 

5.33 


2.09 

13.0 

42.5 

17.7 

4200 

150 

109.4 

Blood pressure, 60/40 

F. I. 

Reclining 

6.20 


4.11 


2.09 

20.1 

29.5 


R4360 

L4410 


5.4 


Erect ^ 

7.14 

15.1 

4.63 

12.7 

2.51 

36.5 

23.7 

4310 

-SO* 




7.35 

18.5 

5.00 

21.4 

2.35 

12.4 

38.8 

31.5 

4570 

160 

125.7 



* Decrease. 

t R = Right leg; L = Left leg. 

t Calculated osmotic pressure using formula of Wells, Youmans and Miller Q. Clin. Invest., 1933, 12, 1103), 


following qualitative changes were observed. 
During the reclining period the observable capil- 
laries were usually rather few in number; the 
arterial and venous limbs were of about the same 
diameter, rather narrow and light red in color. 
The blood flow through them was relatively rapid. 
With the subject on the bicycle the number of 
visible capillaries rapidly increased. At the same 
time the diameter of the loops increased, that of 
the venous more than the arterial, with the former 
often appearing engorged with blood. The color 
of the blood became much darker and the flow 
slower. These changes increased as time elapsed. 
In one subject (H. G.) the arterial limbs became 
greatly constricted -toward the end of the experi- 
ment, and in another (R. H.) it was noted that 


when venipuncture was performed in that leg the 
capillaries “collapsed” (became constricted?). 
The subject with edema had fewer visible capil- 
laries in the reclining position than the normal 
subjects, and when he mounted the bicycle, though 
more capillaries became visible, the cj’anosis was 
less and the increase in the size of the venous loop 
over that of the arterial was less. 

Summary 

In the erect posture active muscular movements 
of the leg are accompanied by less concentration 
and less rise in colloid osmotic pressure of the 
blood in the moving leg than in the other leg kept 
motionless. At the same time there is a smaller 
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increase in the volume of the moving leg, and, in 
some cases, an actual decrease compared with its 
volume in the reclining position. In the quiet 
leg in the erect posture the capillaries of the toe 
are dilated and the number of open capillaries 
increased. 


II, CHANGES IN THE CIRCULATION IN THE FEET 
AND LEGS, QUIET AND ACTIVE, AS SHOWN 
BY CHANGES IN THE SURFACE 
TEMPERATURE 

Changes in the circulation in the feet and legs 
under different conditions of posture, exercise 
and temperature were studied by observing the 
changes in the surface temperature. 

The subjects were young, healthy, men and 
women. The following general procedure was 
followed with certain variations which will be 
described below. The subjects reclined with the 
feet and legs exposed to above the knees for an 
hour or so. During this period the surface tem- 
perature of the feet and legs, at the base of the 
great toe, over the external malleolus and over the 
mid leg on the anterior surface, was recorded with 
a thermocouple.* Room temperature, which was 
maintained as constant as possible, with a varia- 
tion of about one degree centigrade, was meas- 
ured with a mercury thermometer suspended near 
the feet and legs. After the surface temperature 
of the feet and legs had become relatively constant 
the subject stood as quietly erect as possible for 
periods of 60 to 75 minutes, and the surface tem- 
peratures were "recorded at frequent intervals. 
Contact of the feet with the floor was prevented 
by a blanket. After the standing period the sub- 
jects again reclined, and the changes in surface 
temperature were followed. In most of the ex- 
periments the environmental temperatures were 

* The instrument used was a Tycos “ Dermatherm.” 
Freeman and Linder (Arch, Int. Med., 1934, 54, 981) 
have recently pointed out the relatively large errors which 
may occur in measurements of surface temperature with 
a thermocouple. We are cognizant of these possible er- 
rors and have controlled them as far as possible. Care 
was taken that exactly the same spot was tested each 
time. Although equilibrium of the skin w'ith the sur- 
rounding air may not ahvays have been reached during 
the preliminary- period, in view of the consistency and 
magnitude of the changes the results arc believed to be 

significant. 


rather high, 28 to 30° C. Some of the experi- 
ments were performed in a constant temperature 
room at temperatures of 19 to 24° C. 

In order to compare the effect of exercise and 
quiet standing on the surface temperature of the 
feet and legs, the following experiment was per- 
formed, After, the initial period of reclining the 
subject mounted a stationary bicycle so arranged 
that he was able to stand nearly erect and quietly 
on the left leg while pedalling against an adjust- 
able resistance with the right. Pedalling was con- 
tinued for approximately one hour, except for 
brief periods to determine the surface tempera- 
tures which were measured at intervals of about 
five minutes in each leg. At the end of the period 
on the bicycle the subject again reclined, and the 
changes in the surface temperature were followed 
further. 

The results are summarized in Tables II and 
III, and typical examples are illustrated in the 
accompanying charts. In nearly every instance 
the assumption of the standing-still posture was 
followed by a drop in the surface temperature of 
the toe (Table II) (Figure 1). As a rule, the 


TABLE II 

'nges in the surface temperature of the feet (toe) 
during quiet standing 


Sub- 

ject 

Room tem- 
perature 

Tem- 

pera- 

ture 

before 

stand- 

ing 

Lowest 

tem- 

pera- 

ture 

while 

erect 

Afnxl- 

mum 

de- 

crease 

Time to 
reach 
lowest 
tem- 
pera- 
ture 


°C. 

“C. 


®c. 

mtnulfs 

H.G. 

28.8 to 29.3 

34.0 

32.0 

2.0 

70 

B. W." 
A. D. 

28.7 to 29.3 

28.8 to 29.3 

31.9 

32.5 

31.6 

0.9 

47 

21 

61 

v. S. 

28.7 to 29.3 

32.0 

30.1 


P. D. 

28.8 to 29.2 

32.3 

29.6 

2.7 

v.s. 

22.0 to 24.0 

26.1 

25.1 


20 

33 

32** 

60 

40 

20 

A. D. 

23.5 to 24.5 

27.7 

26.2 

1.0 

P. D. 

24.8 to 25.5 

29.8 

28.7 

1.1 

J. Y. 

19.0 to 22.0 

28.8 

24.6 


H.P. 

19.5 to 21.0 

28.8 

24.9 

3.9 

2.3 

M. C. 

19.5 to 21.0 

29.3 

27.0 


Tnn- 

pCffl- 
turc at 
end of 
atand- 

ins 


°C. 

32.5 

32.6 
32.2 

30.5 

30.0 

25.1 

27.1 

25.7 

21.6 

25.2 

29.8 


* Surface temperature rose while standing. 


Slandin- 

lime 


40 

3 ? 

33 

£0 

to 

to 




began very soon after the erect P® 
nred In some experiments the snrfa e te« 

ture continued to fall decline 

inimum was reached. In others 
irregular, being interrupted by 
h the temperature remained cons a 
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5 



Time^ hOir\UT&^ 

Fig. 3. Changes in the Surface Temperature of the Foot (Toe) During Quiet Stand n 

IN A Cool EN%^RONMENT ® C by 

In this chart the surface temperatures have been adjusted to a room 2d series 

the use of Vincent’s factor (Vincent, J., La Temperature Climatologique, Ceil et 

1890, 5, 515). 


rose more or less for a variable period (Figure 
2). The maximum fall in temperature varied 
from 0.9 to 4.2° C., and the time to reach the 
lowest point ranged from 20 to 70 minutes after 
the standing position was assumed. In one sub- 
ject no fall occurred on standing, the temperature 
rising steadily for 26 minutes from the time she 
stood, following which it slowly fell until, after 
61 minutes of standing, it had returned nearly to 
its level at the beginning of the standing period. 
In this experiment, however, the surface tempera- 
ture of the toe had dropped rather abruptly just 
before the subject stood. In several experiments 
it was noted that following the maximum fall 
there was a greater or less return of the surface 
temperature toward the initial level (Figure 1). 
The surface temperatures of the ankle and leg, 
which are not included in the charts, showed 


nges similar to those of the toe but of a sm* 
gnitude. No spedal difference was noted nW 

table hi 

langes in the surface f jg,, Ij^hc 

during the erect posture; comparison 


Tem- 

pera- 

ture 

before 

stand- 

ing 

Lowest 

tem- 

pera- 

ture 

while 

erect 

“C. 

“C. 

33.4 

32.9 

2S.8 

28.4 

32.1 

32J2 

20.0 

29.0 

20.1 

30.2 

2S.5 

2S.7 

31.1 

32.3 

29.8 

28.8 


Timeto 
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the environmental temperature was lower, except 
that a lower level of surface temperature was 
reached than in the warmer environment (Fig- 
ure 3). In most of the experiments resumption 
of the reclining position after standing was asso- 
ciated with a return of the surface temperature 
toward the prestanding level. 

When the subject stood quietly on one leg and 
pedalled with the other, there was a drop in the 
surface temperature of both feet (Table III) 
(Figure 4). The fall was sometimes greater in 
the mowng leg, and this leg less often showed a 
return of the surface temperature toward the ini- 


tial level as the erect position was maintained. As 
in the other experiments the quiet leg became c}’a- 
notic but the moving leg was lighter in color and 
pink. The finding of a decrease in the surface 
temperature of the moving leg was somewhat sur- 
prising, as there is every' reason to believe that 
the total blood flo%y through the moving leg is not 
only greater but faster than in the quiet leg. In 
part, the drop in surface temperature may have 
been due to the cooling effect of movement in the 
air. The appearance of the leg, however, sug- 
gested that in addition to any cooling effect from 
motion there was an actual decrease in blood flow 



FIg. 4. COMP.VRISOX OF THE CHANGES IN THE SUEF.^CE TeMPEEATUEE OF THE FoOT 
(Toe) in the Quiet (Left) and Moving (Right) Leg in the Eeect Postuee 
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in the skin and subcutaneous tissues in contrast to 
the presumably much greater flow through the 
muscles. Therefore, changes in surface tempera- 
ture are probably a poor index of total blood flow 
in the actively moving foot and leg. 

As an incidental finding in these and certain 
other related experiments it was observed that 
venipuncture in either arm or leg was followed by 
a prompt and significant fall in the surface tem- 
perature of the feet (and usually of the legs). 
The decrease amounted to as much as 2*^ and per- 
sisted for as long as 15 to 20 minutes. False veni- 
puncture, i.e. piercing the skin with the needle 
without entering the vein, usually caused a much 
less or insignificant effect. The drop in surface 
temperature of the legs and feet following veni- 
puncture is apparently a reflex phenomenon sim- 
ilar to that caused by other physical and mental 
stimuli. Venipuncture appears, however, to be a 
more powerful stimulus to vasoconstriction than, 
for example, a similar degree of pain unaccom- 
panied by injury to a vein, and is a factor for 
which allowance should be made when venipunc- 
tures are performed in conjunction with measure- 
ments of surface temperature. 

Summary 

Assumption of the erect posture is usually 
accompanied by a prompt and significant fall in 
the surface temperature of the feet and legs. 
This drop occurs in a warm as well as in a cool 
environment, and in the muscularly active (pedal- 
ling) leg as well as in the quiet leg in spite of 
a presumably greater and more rapid total blood 
flow in the former. 

III. CIRCULATION TIME IN THE QUIET AND MOV- 
ING LEG IN THE ERECT POSTURE 

The circulation time in the leg in the recumbent 
and erect positions and the differences in the 
quiet and moving leg in the latter position were 
determined as follows. The subjects were three 
healthy young men. An attempt to include two 
female subjects failed because of difficulty in 
performing venipunctures in the foot and ankle 
of the “ moving ” leg and the distress caused by 
the experiment. The subject reclined with the 
feet and legs exposed to above the knees for an 
hour or more. After this preliminary period the 


circulation time in an arm and each leg was meas- 
ured. The subject then mounted a bicycle so 
arranged that he stood nearly upright on the left 
leg while pedalling with the right, keeping the 
left practically quiet in spite of the action of the 
other leg. Pedalling against resistance was con- 
tinued at the rate of approximately 50 cycles per 
minute for periods of 49 to 69 minutes, except 
for brief interruptions to inject the test solutions. 
An attempt was made to measure the circulation 
time in each leg at the beginning, middle and 
latter part of each period of standing and in the 
arm at the end of this period, but was completely 
successful in only one experiment. In two ex- 
periments the circulation time was determined by 
the injection of sodium cyanide (4) and in one 
experiment by the injection of either sodium de- 
hydrocholate (5) or saccharin (6). Stopwatches 
were used by two observers to register the time 
of the “ reaction," the average being taken. Un- 
less a definite reaction was obtained a second 
test was made a few minutes later. During the 
experiment the surface temperatures of the feet 
and legs were measured at frequent intervals, 
but the complicating effects of venipuncture an 
reactions to the intravenous injections obscure the 
relation of the changes in surface temperature to 
posture and exercise. 

All the subjects found the procedure a very 
trying ordeal. When sodium cyanide was use 
to measure the circulation time in the legs, caci 
injection was accompanied by a period of amt 
ness, dizziness and, in some instances, naiis 
This was particularly severe in the case of t le e 
leg (quiet standing position) and rhay have c 
related to the large doses which were necess . 
in these circumstances. As Bock, Dill 
wards have pointed out (7), with the great so 
ing of the circulation it is necessary to e 
stronger concentrations of the drugs to sccu 
sharp end point. In one subject, not me 
this series, a slough followed the 
small amount of cyanide solution ( 
into the tissues of the foot outside tie 
the formation of an ulcer which ivas ve 
to heal. The injection of saccharin j-pP 

pain along the course of the vein in 1 
lowed by faintness and later by a \enou j 

bosis. Lbjects P. D. and A, D ^ 

toward the end of the experiment. 
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TABLE IV 

Circulation time in arm* and each leg** vhile reclining and vihile erect vAlk left leg motionless and right leg merging 


Posture 


Circulation time 


Subject H. G. 

Subject P. D. ! 

Subject A. D. 



secords 

icconii 

Reclining 


14.6 

21.0 

Arm 

34.6 

Left leg 

41.1 

40.0 

40.4 

Right leg 

49.0 

39.2 

40.9 

Erect 




Left leg 

144.0 (After 18 minutes) 

150.0 (.After 13 minutes) 

76.6 (After 17 minutes) 

Right leg 

37.0 (After 20 minutes) 

52.3 (After 23 minutes) 

57.9 (After 36 minutes) 

Left leg 

77.4 (.After 31 minutes) 

62.0 (After 32 minutes) 

146.2 (After 44 minutes) 

Right leg 

31.8 (After 40 minutes) 

25.5 (After 44 minutes) 


Left leg 

Right leg 

.Arm 

71.0 (After 49 minutes) 
33.9 (After 57 minutes) 

10.0 (.After 65 minutes) 


27.0 (After 62 minutes) 


* Ann to carotid. 
** Leg to carotid. 


plications may have caused some irregularities in 
the results. 

The results are summarized in Table IV. In 
all three subjects the circulation in the left (quiet) 
leg was much slower in the erect than in the re- 
clining position, the maximum slowing occurring 
in Subject H. G., in whom the circulation time 
was almost four times as long 13 minutes after 
the standing period began as it had been while 
reclining. In all three subjects the circulation 
while erect was much slower in the left (quiet) 
leg than in the right (moring) leg. The latter 
showed, in general, a faster circulation while erect 
and moving than when reclining and quiet. In 
two determinations the circulation time in the 
right moving leg was slightly longer when erect 
than when reclining, but it was necessary to stop 
the movement of the leg while the solution was 
injected, and some delay in this maneuver may 
have allowed the circulation to sloiv somewhat. 
In two of the subjects the circulation in the left 
(quiet) leg was much slower in the early than 
in the later part of the standing period. In Sub- 
ject A. D., the circulation time in the quiet left 
leg was longer in the later part of the standing 
period than near the beginning. At this time, 
however, he uas faint and suffering considerable 
pain. 


Summary 

In the erect posture the circulation time in the 
quiet leg is much longer than in the reclining 
position. On the contrary”, the circulation time 
in the moring leg is often shorter than in the 
reclining position, and hence often several times 
shorter than in the opposite, quiet leg. 

IV. THE INFLUENCE OF VASODIUVTATION ON THE 
CHANGES IN COMPOSITION OF THE BLOOD 
WHICH OCCUR ON ST.ANDING 

In order to study the part played by vasocon- 
striction in the changes in the blood which ac- 
company the erect posture, we abolished or les- 
sened it, and compared the ensuing changes in the 
blood in the feet and legs during standing with 
those which occurred when vasoconstriction was 
present. 

Various methods for obtaining a vasodilatation 
in the feet and legs were considered, but for sev- 
eral reasons the one which seemed most suitable 
and was adopted was that of heating the hands 
and arms (8). This procedure will produce in 
most normal subjects a considerable degree of 
vasodilatation in the feet and legs, which can be 
measured b}- determining the surface tempera- 
ture. 

The complete study consisted of four distinct 
exp>eriments, as follows: First, a control experi- 
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ment to determine the maximum dilatation (in- 
crease in surface temperature) in the feet and 
legs, produced by heating the arms with the sub- 
ject reclining. Second, a control experiment with 
the subject standing quietly, to determine whether 
heating of the arms could overcome the drop in 
surface temperature (decreased blood flow — 
vasoconstriction?), which we have shown occurs 
in the erect posture. Third, a determination of 
the degree of concentration of the blood (foot) 
and the change in leg volume, which occurred 
when the subject stood for a given period without 
vasodilatation. Fourth, a determination of the 
degree of concentration of the blood (foot) and 
the change in leg volume when the subject stood 
for a similar period zoith vasodilatation. 

Two young healthy men served as subjects. 
The individual experiments were performed on 
separate days at varying intervals. In all the 
experiments the subjects first reclined with the 
feet and legs exposed to above the knees. The 
surface temperatures at the base of the great toe, 
over the external malleolus and just below the 
knee were recorded with a thermocouple, exactly 
the same location being tested each time. The 
room temperature was maintained as constant as 
possible in the neighborhood of 20° C., with a 
range of 2° C., and was recorded by a mercury 
thermometer suspended near the feet and legs. 
The hands and arms were heated by being im- 
mersed to above the elbows in water at a tempera- 
ture of 44° C. or more. White enamel basins 
with covers were used, and the temperature was 
maintained by the addition of hot water at suit- 
able intervals. Samples of blood were drawn 
without stasis, and those for serum protein and 
colloid osmotic pressure determinations under oil. 
The relative cell volume (hematocrit) was meas- 
ured with Wintrobe hematocrit tubes (9) using 
heparin as an anticoagulant. The volume of the 
leg was measured as previously described. 

In the first control experiment the subjects 
reclined until the surface temperatures were rela- 
tively constant. The hands and arms were then 
immersed in the hot water. Both subjects showed 
an increase in the surface temperature of the toes 
from a “pre-heating” level of 26.1 and 26.9 to 
30.5 and 30.0° C., an increase of 4.4 and 3.1° C, 
respectively. The increase began 11 and 7 min- 


utes after the hands and forearms were immersed, 
and the maximum was reached in 37 and 41 
minutes. In both subjects the period before the 
temperature began to rise was marked by an 
initial drop. An initial drop in' the surface tem- 
perature of the toe when the hands and forearms 
were first immersed in hot water, amounting to 
as much as 2° C. and persisting for as long as 
11 minutes, often occurred in these experiments. 
In neither subject did the surface temperature of 
the toe reach 32° C., which is considered to indi- 
cate complete vasodilatation (Landis). This is 
probably explained by the fact that the tempera- 
ture at the base of the toe was measured instead 
of at the base of the toe nail, where there is a 
richer anastomosing circulation. The ankle and 
leg showed a slight rise only. 

In the second control experiment, after the 
preliminary reclining period. Subject W. H. stood 
and immediately immersed his hands and forearms 
in the hot water. Contact of the feet with the 
floor was prevented by a blanket. Quiet standing 
was maintained for a period of 41 minutes, during 
which time the surface temperature of the toe 
rose from the prestanding level of 24.8 to a maxi- 
mum of 30.6° C. an increase of 5.8 degrees, 27 
minutes after standing began. The rise started 
11 minutes after standing and heating the hands 
and forearms began, the preceding internal being 
marked by a rather sharp drop of 1.5 C. o 
lessen this initial drop, the forearms and hancs 
of the second subject (J. P.) were placed in lo 
water for 38 minutes before he stood. He then 
stood, keeping the forearms in hot water con 
stantly for 36 minutes. While he still recine 
with the arms in hot water, the surface temper 
ture of the toes rose from 27.1° C. to a maximum 
of 29.9 degrees, 30 minutes after heating ^ 
forearms began. On standing, a drop of • 
occurred over a period of 9 minutes. jp 

perature then rose to a maximum of 3 . 
minutes after he stood, an increase of 3.8 dcgr ^ 
over the preheating period. Thus, 
forearms and hands was able not onl) to 
come the drop in surface temperature y 
curs on standing but was capable o me ^ 
the surface temperature significantly a )0^^ 
preliminary reclining period. In this 
periment, in which the subject stood, the - 
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temperatures of the ankle and of the leg not only 
showed a smaller rise than that of the toe but 
often remained constant or even dropjxid slowly 
but steadily. 

In the third and fourth experiments, the effect 
of standing on the concentration of blood in the 
feet and on the leg volume, with and without vaso- 
dilatation, were compared. The subjects reclined 
until the surface temperature of the exposed feet 
and legs was quite constant and the concentration 
of blood in the upper and lower parts of the body 
had become equalized. The venous pressure in 
the arm was then measured, a specimen of blood 
was removed for the various analyses, and the 
volume of the leg measured. The subject then 
stood quietly for a period of 45 minutes, during 
which the changes in surface temperature were 
recorded. At the end of the standing period the 
venous pressure at the ankle was measured, a 
second sample of blood was drawn and the volume 
of the leg measured again. In Experiment 3, the 
hands and forearms were not heated. In Experi- 
ment 4, W. H. immersed the hands and forearms 
in hot water immediately on standing. With Sub- 
ject J. P. the forearms and hands were immersed 
for 25 minutes before he stood, as well as during 
the standing period. 

In these experiments the complicating effect of 
venipuncture, which causes a drop in the surface 
temperature of the feet and legs, was introduced. 
Because of this the surface temperatures at the 
time of standing were lower than in the control 
experiments. With Subject W. H., the tempera- 
ture of the toe at the time of standing ■without 
vasodilatation was 22.0° and during the standing 
period it fell gradually to 20° C. With vasodila- 
tation the temperature at the beginning of stand- 
ing was 21.9° but it dropped irregularly to 21.2° 
C. over a period of 18 minutes, before it rose to 
a maximum of 23.2° C., about 3 degrees higher 
than in the experiment without vasodilatation. 
However, he was able to stand with the arms in 
hot water for a period of 30 minutes only before 
S3'ncope stopped the experiment, and thus for only 
about 10 minutes of the standing period was the 
temperature of the toe much higher than in the 
experiment without vasodilatation. With Sub- 
ject J. P. the surface temperature of the toe while 
standing ■without vasodilatation ranged from 21.5 


to 22.2°. On standing v,’ith the arms heated the 
surface temperature of the toe rose from about 
23° to a maximum of 28.2° and during the entire 
standing period wzs considerably higher than 
witliout vasodilatation, the maximum difference 
being about 7° C. In both subjects the surface 
temperature of the leg fell slightlj- on standing 
in spite of heating of the arms. The ankle showed 
a little rise. When the arms and hands were 
heated a vasodilatation ■v\'as sho^wn bj" a pinkness 
of the feet which was in sharp contrast to the 
cj’anosis which appeared in the absence of heat- 
ing. This was less noticeable in Subject W. H. 
Both subjects sweated profusel}' during the vaso- 
dilatation and both found the experiment a verv* 
trj’ing ordeal. 

The changes in the composition of the blood 
were exactly opposite in the two subjects (Table 
V). Subject W. H. showed a slightly greater 
concentration of the blood on standing with vaso- 
dilatation than ■without, as shown by the concen- 
tration of total protein and albumin and the 
increase in colloid osmotic pressure and relative 
cell volume. The difference in total protein was 
so slight, however, as to be of little significance. 
Changes in the concentration of globulin were 
the reverse of those of albiunin and total protein, 
probably the result of a difference in the loss of 
the two protein fractions through the capillary 
wall (2). In keeping ■with the greater concen- 
tration of the blood during vasodilatation the 
increase in leg volume was greater with vasodila- 
tation than without. Venous pressure during 
standing was essentiall}’ the same with and with- 
out vasodilatation. Subject J. P., in contrast to 
Subject W. H., showed less concentration of the 
blood with vasodilatation. The difference was 
consistent and was reflected in the changes in total 
protein, albumin, globulin, colloid osmotic pres- 
sure and relative cell volume. There was, how- 
ever, little difference in the increase in volume 
of the leg in the two experiments, though the 
slight difference noted was in keeping with the 
changes in the blood. The fact that there was 
nearly the same increase in leg volume, in spite 
of less concentration of the blood and excessive 
sweating, suggests that the total filtrate was 
greater with vasodilatation. As in the case of 
Subject W. H., there was no difference in venous 
pressure, with or without ^'asodilatation. 
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TABLE V 

The concentration of plasma proteins, colloid osmotic pressure, relative cell vohme, venous pressure and volume of the kg jn the 

reclining and standing still positions, with and without vasodilatation. 
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R 

S 

6.48 

8.62 
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4.50 

6.03 

1.53 
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1.98 

2.59 

0.61 
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j 
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R 

S 

6.89 

8.77 
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27.3 

4.61 

5.95 

1.34 

1 

! 

29.1 

i 

2.28 

2.82 

0.54 

23.7 

34.6 

52.9 

18.3 

52.9 

4295 

4425 

! 
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39.9 

47.8 

1 

1 

7.9 

19.8 

10.0 
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The inconsistent results in the two subjects may 
have been due, in part, to variations in the length 
of the standing period, the vasomotor effects of 
venipuncture, sweating and the influence of syn- 
cope. Unfortunately the rigors of the experiment 
prevented the performance of a larger series, 
which might have avoided some of these difficul- 
ties. 

Summary 

Heating of the forearms and hands was ac- 
companied by a rise in the surface temperature 
of the feet (toe) with the subject erect, over- 
coming the drop in surface temperature which 
occurs in the quiet standing posture. 

Vasodilatation resulted either in a greater or a 
lesser concentration of the blood in the feet and 
legs in the erect posture than occurs without 
vasodilatation. In either case the total volume of 
fluid filtered into the tissues of the leg appeared 
to be greater with vasodilatation. 

DISCUSSION 

The results of these four studies indicate the 
essential difference in the mechanisms which tend 
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stand, as well as by the fact that two subjects 
showed a much greater slowing of the circulation 
in the quiet leg during the first part of the stand- 
ing period than later. 

Bock, Dill and Edwards (7) have suggested 
tliat an increased circulation time in the standing- 
still position indicates, but does not prove, the ex- 
istence of a smaller blood flow, since a great in- 
crease in the vascular bed might compensate for 
tlie slower circulation. Such a possibility’ is sug- 
gested by the great increase in size and number of 
open capillary loops in the erect posture. How- 
ever, the great drop in surface temperature of the 
feet and legs in the standing-still position suggests 
that in spite of an increase in the vascular bed 
there is an actual decrease in blood flow as well 
as in the velocity of the circulation. The changes 
in the circulation represented by the drop in sur- 
face temperature and increased circulation time 
appear to be brought about, in a large measure at 
least, by a vasoconstriction, since vasodilatation 
prevented the drop in surface temperature which 
usually occurs on standing and presumably less- 
ened the slowing of the circulation which occurs 
under the same conditions. This vasoconstriction 
does not appear to include the capillaries, although 
the latter seem still capable of constriction. Al- 
though the effect of vasodilatation on the con- 
centration of the blood in the legs was variable, 
these results are believed to be consistent with the 
effect which vasodilatation might have under con- 
ditions of normal activity. Vasodilatation usually 
causes a more rapid blood flow. This should re- 
sult in a smaller loss of fluid per unit of blood 
and hence less concentration of blood locally. At 
the same time, however, it causes a rise in capil- 
lary pressure, which tends to cause a greater fil- 
tration of fluid and hence a greater concentration 
of the blood. It appears, therefore, that in cmy 
given case the net result would depend on the rela- 
tive importance of these two effects and might 
vary depending, among other things, on the de- 
gree and duration of vasodilatation. It seems 
possible that with maximum dilatation so much 
fluid might be filtered that blood flow would be 
significantly impeded by the increased viscosity, a 
state approacliing true stasis (Landis). In this 
case the local concentration of blood would be 
greater than without vasodilatation. In other in- 


stances, the influence of increased flow might pre- 
dominate and cause less concentration of blood lo- 
cally than occurs without vasodilatation. 

As far as the total volume of fluid filtered into 
the tissues is concerned, it should be greater with 
vasodilatation (absence of vasoconstriction). 
Even though the more rapid blood flow in the 
latter case resulted in a smaller loss of fluid per 
unit of blood, the greater total flow should cause 
a larger total filtrate than occurs with vasocon- 
striction. Should the increased capillary pres- 
sure, occurring in the absence of vasoconstriction, 
cause a greater loss of fluid per unit of blood, the 
total filtrate would again be greater. In either 
case the conditions are similar to those existing 
during e-xercise in the erect posture. As we shall 
see, however, during exerdse lymph drainage is 
able to remove the excessive filtrate, so that the 
volume of the leg increases but little or may even 
decrease. When vasodilatation occurs during 
quiet standing, lymph drainage is probably less 
able to remove the e.xcess fluid, and the local ac- 
cumulation would be greater than in the presence 
of the usual vasoconstriction. 

In contrast to the standing-still position there 
is less concentration of the blood in the muscu- 
larly active leg in the erect posture. This sug- 
gests that less fluid is filtered from the blood in 
the erect posture when the legs are moring. Fur- 
thermore, the active leg showed a smaller increase 
in volume, which again suggests the filtration of 
a smaller amount of fluid. However, neither the 
lesser increase in the concentration of the blood 
nor the smaller increase in leg volume, in them- 
sdves, prove that a smaller amount of fluid was 
filtered from the blood into the tissues of the 
active leg. Moreover, all the evidence from other 
sources is to the contrary. Muscular activity is 
accompanied by a hyperemia, an increased intra- 
capillary pressure and the production of osmoti- 
cally active metabolic products which greatly in- 
crease filtration (10). According to Landis (11) 
fluid leaves the blood several times more rapidly 
during muscular activitj- than it does at rest under 
a venous pressure of 80 cm. of water. Under the 
conditions of our experiments, muscular activit}’ 
and a high environmental temperature must have 
resulted in a greatl}’ increased passage of fluid 
from the blood to the tissues. .Mthough the 
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smaller increase in concentration of the blood in 
the “ moving ” leg indicates a smaller loss of fluid 
per unit of blood, a greater total blood flow would 
cause a greater total volume of filtrate. Further- 
more, the smaller increase in volume of the 
“ moving ” leg, by limiting the rise in tissue pres- 
sure, would of itself permit a greater volume of 
fluid to be filtered. It would seem, therefore, that 
the smaller accumulation of fluid in the moving 
leg must be the result of a more rapid removal 
of the filtrate. This rapid removal is most prob- 
ably accomplished by lymph drainage. It is 
known that muscular activity and an increased 
venous pressure cause an increase in the flow of 
lymph (12). At the same time they hinder re- 
sorption. An increased lymphatic drainage dur- 
ing muscular activity has been clearly shown in 
normal and edematous animals (dogs) by Weech, 
Goettsch and Reeves (13). In their experiments 
the onset of activity (walking) was accompanied 
by a greatly increased flow of lymph, which 
drained the leg of accumulated interstitial fluid 
and, in edematous dogs, gradually reduced or 
abolished the edema. Thus, with muscular ac- 
tivity, the excessive accumulation of fluid in the 
dependent parts during the erect posture is pre- 
vented, not so much by limitation of filtration as 
by the more rapid removal of an even greater vol- 
ume of fluid than is filtered on quiet standing.® 
Since the volume of fluid removed by lymphatic 
drainage is presumably returned to the circulation 
rapidly, the reduction in total blood volume at any 
one time is probably much less than when stand- 
ing still. 

SUMMARY AND CONCLUSIONS 

In summary, the exchange of fluid between the 
blood 'and tissues, primarily controlled by capil- 
lary and colloid osmotic pressure, is greatly influ- 
enced by a number of secondary factors, particu- 


s Although the \’asoconstriction and circulatory changes 
which we have discussed are most evident in the standing- 
still position and contribute greatly to the special mecha- 
nism by which the loss of fluid into the dependent tissues 
is limited in that position, they are undoubtedly effective 
during active movement as well and, under pathologic 
conditions especially, may modify the mechanism which 
controls the accumulation of fluid in the legs during 
exercise. 


larly by posture. The great tendency to edema in 
the quiet erect posture is opposed by a rising col- 
loid osmotic pressure and by an increasing tissue 
pressure in the feet and legs. These forces are 
aided by a decrease in the volume and velocity of 
the circulation in the legs. With muscular ac- 
tivity an even greater volume of filtrate than oc- 
curs on quiet standing is prevented from accumu- 
lating by a more active lymphatic drainage. Vari- 
ations in these secondary factors will influence the 
exchange of fluid between the blood and the tis- 
sues and, in the presence of even slight changes in 
the serum proteins and capillary pressure, may 
determine the appearance or non-appearance of 
edema. Due consideration must be given to the 
influence of these secondary factors in interpret- 
ing the effect of abnormal variations in the funda- 
mental forces concerned, especially under condi- 
tions of changing activity such as exist in ambula- 
tory patients. For these reasons it is inadvisable 
to define too strictly the critical level of the serum 
proteins or venous pressure in relation to the 
pathogenesis of certain forms of edema. 
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The authors have reported ( 1 ) certain biologi- 
cal characteristics of strains of hemolytic strep- 
tococcus associated with pharjmgcal infection, 
which appeared to reacti\'ate the rheumatic proc- 
ess in individuals previously stigmatized with the 
disease. These organisms were in most instances 
Streptococcus pyogenes, according to Holman’s 
classification ; they produced skin toxin neutraliz- 
able by antiscarlatinal serum; they fell into six 
serological groups, and were indistinguishable 
from strains obtained from upper respirator)’ 
tract infection of non-rheumatic subjects. These 
studies also indicated that in many instances, 
perhaps 20 to 40 per cent, hemoUlic streptococcus 
infection in individuals recognized to be rheumatic 
subjects is not followed by any clinical eHdence 
of rheumatic activity. The failure of these pa- 
tients to develop recrudescences suggested at least 
two possibilities: one, ineffectiveness of the 
strain; two, a refractory state of the host. The 
purpose of the present study was to determine, so 
far as possible with methods available, whether 
there are any demonstrable differences between 
those pathogenic agents which are effective and 
those which are non-effective in reactivating the 
rheumatic process. 

Forty strains collected from 38 individuals com- 
prise the material for the present study. These 
organisms were selected from individuals who 
had had at least one attack of rheumatic fever, 
who had been under close observation for a pe- 
riod of two to six years, who did not appear to 
be carriers of hemolytic streptococcus, who had 
been free of all clinical evidence of rheumatic 
acti\-ity for at least six months, and who con- 

^ The work reported in this commimication was carried 
out under The W. K. Kellogg Foundation. 


tracted, while being studied, a frank phaiy-ngitis 
associated with the appearance of hemol)'tic strep- 
tococcus predominating in the throat flora. All 
of these infections occurred in the winter or 
spring months,- and the possibility of a rheu- 
matic recrudescence was expected in each instance. 
Half of the individuals developed severe attacks 
of rheumatic fever. The organisms isolated from 
these patients at the time of pharyngitis are con- 
sidered effective and are designated “ E.” In the 
other half, the rheumatic process appeared to re- 
main quiescent, insofar as it was possible to 
determine with the methods now available.® The 
organisms isolated from the latter patients at the 
time of pharyngitis * were considered ineffective 
in initiating rheumatic activity and are designated 
“ NE.” 

One of the first possible reasons to consider 
for the ineffectiveness of certain strains was that 
they might be of animal origin. Animal strains, 
as Lancefield (2) has demonstrated, show good 

^The authors have observed that in New York Citj- 
the hemolytic streptococcus throat infections occurring in 
the spring months have been more effective in initiating 
rheumatic activity than those in other seasons. A study 
of the toxin production of thirty strains of hemolytic 
streptococcus showed that of seven strains associated with 
fall infections, onlj- one was a strong toxin producer 
whereas in the spring infections, about half of the organ- 
isms were strong toxin producers. This observation sug- 
gests the possibility that in New York Citj- there may be 
a seasonal variation in the capacity of hemolytic strepto- 
coccus to produce soluble toxin as well as a seasonal 
variation in the incidence of these infections. 

® These subjects were kept under close clinical and 
laboratory observation on the wards and in the out-pa- 
tient department of the Presbyterian Hospital. 

■* These attacks of pharyngitis were well defined and in 
general more severe than those associated with the “ E ” 
infections. 
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agreement between their biochemical and cultural 
characteristics, and their serological classification. 
Therefore, a study of these biochemical charac- 
teristics was undertaken, to determine whether 
these strains were of animal or human type. 

TECHNIQUE 

All cultures were seeded with 0,1 cc. of a 16 hour 
growth of the strain in phosphate neopeptone broth. Con- 
trols used throughout this work consisted of one strain 
known to give a positive, one strain known to give a 
negative reaction and also a tube of the medium inoculated 
with 0.1 cc. of sterile seed culture broth. The controls 
were incubated with the strains being tested. All of the 
organisms were beta hemolytic strains which caused 
marked hemolysis of rabbit red blood cells when grown 
on plates of blood agar or in tubes of blood broth. 

The colony type was determined by the appearance on 
chocolate blood agar plates, following Todd’s (3) tech- 
nique. The plates were examined with a hand lens after 


24 hours’ growth, and the types were recorded as matt or 
glossy. 

The method of Avery and Cullen (4) was used for de- 
termination of pH. Readings were made on the fourth 
day of cultures grown in 1 per cent dextrose brotli. 
Brom cresol purple, methyl red and phenol red were used 
as indicators. 

Fermentation reactions on trehalose and sorbitol were 
observed at the end of one week’s incubation, according 
to the method of Edwards (5). All tubes were cultured 
to be sure of the presence of living organisms. 

Reduction of methylene blue was tested with the method 
used by R. C. Avery (6). Readings were made daily for 
one week, and the final reading recorded. 

Hydrolysis of sodium hippurate was tested as advo- 
cated by Ayers and Rupp (7). The reaction was con- 
sidered negative when the hippurate and protein precipi- 
tates found at first were redissolved in ferric chloride 
leaving a clear solution. 

From Table I it is seen that the pH of all 
strains falls between 5.1 and 5,7; that all ferment 


TABLE I 


Biological and cultural characteristics of strains of hemolytic streptococcus isolated from the throats of rheumatic subjects during 
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— 
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~ 
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4* 


Sugar fer- 
mentation 
type 


Pyogenes 

Pyogenes 

infrequens 

Pyogenes 
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Hemolytic I 

Equi 

Pyogenes 

Pyogenes 

Pyogenes 

Pyogenes 

Pyogenes 

Pyogenes 

Equi 

Pyogenes 

Pyogenes 

Pyogenes 

Pyogenes 

Infrequens 

Pyogenes 


Subacidus 

Anginosus 

Anginosus 

Pyogenes 

Pyogenes 

Pyogenes 

Equi 

Anginosus 

Pyogenes 

Equi 

Pyogenes 

Pyogenes 

Pyogenes 

Infrequens 

Pyo^nes 

Equi 

Pj’O genes 

pggui 

iSorenes 

Pyo,renes 


• Volume of Todd’s globulin required to neutmlire 1 M.H.D. of streptolysin, 
*• Streptolysin titer too weak to be dete.-mined. 


Ensymo production 

Liquo- 

Discs- 



faction 
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Fibtinoly- 

of 

of 
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tie activity 

gelatin 
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_ 
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-b 

Strong 
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-b 
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+ 


4. 
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4- 
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Strong 
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trehalose ; that none ferment sorbitol ; that only 
one, or possibly two, reduce methylene blue; that 
none hydrolyze sodium hippuratc. These findings 
indicate (see Lancefield (2)) that all the strains 
in both the E group and the NE group are of the 
human type. 

Previous studies (I) have shown that 20 out 
of 27 strains of organisms associated with acute 
rheumatism were of the Streptococcus pyogenes 
group (S) ; that is, they fermented lactose and 
salicin but not mannite. In order to determine 
whether these characters were of any significance 
in determining the efTcctivcness of a strain in 
reactivating the rheumatic process, these same 
fermentation reactions were tested with E and 
XE strains and also with 33 strains obtained dur- 
ing the same period of time from non-rheumatic 
subjects with acute pharjTigitis. The results of 
the test on rheumatic subjects, detailed in Table I, 
are summarized, along with the data on non- 
rheumatic controls, in Table II. There was no 

TABLE u 


Tyfes of hemolytic slreftococcus obtained from cases of 
pharyngitis in rheumatic and non-rhcurnatic subjects 


SooTxeof 

Pyo- 

1 


infre- 

An^i- 

Hcco- 

Hcao- 

Sab- 

orjasisa 


lyti: in 

queas 

COSOS 

lytic 11 

lytic I 

acidcs 

Rbtuniatic 

eubjecla: 









E atfMcs. 

14 

3 


2 


I 



NEiUahs. 

11 

4 


1 

3 



1 

lie wbjeetj.. 

20 

6 

2 

2 

1 

1 

1 



significant difference in any of the three groups 
of organisms. During this period of study Strep- 
tococcus pyogenes has been the prevalent variety 
associated with throat infections in New' York 
City. 

Another series of tests W'as undertaken to de- 
termine whether there are differences in the ca- 
pacity of the two groups (E and NE) to digest 
proteins. The liquefaction of gelatine, hydrolysis 
of casein, tissue digestion by histase, and plasma 
clot dissolution by fibrinolysin (9, 10) were in- 
vestigated. 

Technique — gelatin digestion. The organisms were 
grown in 10 per cent gelatin for seven days at room tem- 
perature and liquefaction was sought but in no instance 
observed. 


Casein digestion. Plates were made with 1 ca sterile 
milk being added to 12 cc. agar pH 7.4. Three heavy 
inoculations from 16 hour old colonies were streaked 
across the surface of a plate which was then incubated 
for 72 hours at 37° C. The plates were flooded with 12 
per cent acetic acid and digestion indicated by the ap- 
pearance of a permanent clear zone aro'und the colonies. 
One plate was used for each strain tested. 

Tissue-digesting ensyme. Histase detection was made 
according to Holman's (11) modification of Robertson’s 
cookcd-mcat medium. Digestion was determined by ob- 
serving the subsidence of meat in the tubes. Readings 
were made according to Frobisher (12) after 5 days in 
the incubator at 37° C. The amount of digestion was 
measured in millimeters. 

Fibrinolysin. The method of Tfllett and Garner (9) 
was followed. The material used consisted of 0.2 cc. of 
fresh plasma from one individual (prei-iously determined 
to be readily dissolved by fibrinolysin), 0.8 cc. saline, 
0.5 cc. filtrate of organism tested, 0.25 cc. of a 0.25 per 
cent solution of CaCl, in 0.85 per cent saline. The tubes 
were incubated in a water bath at 37° C. Complete dis- 
solution in less than 30 minutes is recorded as — r-f* 
fibrinolytic activity; 30 to 60 minutes, -r"!"!"; one to 
four hours, 4 to 24 hours, -f-; incomplete dissolu- 

tion in 24 hours, — . 

The results are to be found in Table I. No 
significant differences in enzyme production were 
found between the two groups. Both failed to 
liquefy gelatin; a few of each group digested 
casein; histase production seemed perhaps more 
marked among a few E strains ; and many strains 
of each group were strong in fibrinolj'tic activitj'.® 

Streptolysin production. The forty organisms 
under investigation were tested in this laboratory 
for streptolysin production. In addition, nine 
organisms isolated from the throats of rheumatic 
subjects in New York were tested in England by 
Dr. Todd. His findings are presented in Table 
III. 

Technique for determining streptolysin produc- 
tions. The material and technique was identical 
w'ith that described for making and titrating strep- 
tolysin in the first paper of this series (27). The 

® Sera from these patients were tested for antifibrino- 
lysin according to the method of Tillett and Gamer (9). 
Four groups were studied: rheumatic subjects infected 
with E strains; rheumatic subjects infected with XE 
strains; patients with acute rheumatism, the infectious 
agent being undetermined; non-rheumatic subjects con- 
valescing from proven hemolytic streptococcus infections. 
No significant differences were found. The results were 
in accord with the recent observations of Hadfield et aL 
(28) and Myers et aL (29). 
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TABLE in 

Hemolytic titers and volumes of antistreptolysin required 
to neutralize 1 M.H.D. as determined by Doctor Todd 


Strains from 

Charac- 


Hemolytic titer 

Volume of anti- 

hemolytic 

strepto- 

coccus 

pliaryngitis 

ter of 
rheu- 
matic 
attack 

pH of 
fil- 
trate 

Com- 

plete 

hemo- 

lysis 

Par- 

tial 

hemo- 

lysis 

streptolysin re- 
quired to neu- 
tralize 1 M.H.D. 
of hemolysin 

E 65 

Severe 

6.6 

CC, 

5.0 

CC. 

0.50 

CC, 

0.00003 

E 67 

Severe 

6.7 

1.0 

0.05 

0.00003 

E 69 

Severe 

7.1 

1.0 

0.05 

0.00004 

E 64 

Mild 

6.8 

2.0 

0.05 

0.00004 

E 80 

Mild 

7.0 

1.0 

0.05 

0.00005 

E 84 

Mild 

7.0 

0.5 

0.02 

0.00005 

NE 25 

None 

5.6 

None 

None 


NE 26 

None 

7.0 

None 

None 


NE 27 

None 

7.9 

None 

None 



TABLE IV 

Sample arrangement of tubes \ 



S — stir-jilt; VS " very slujht; — = none. 

t -Ml containinc: less than 2 cc. are brought up to 

2 cc. vt’!u:i:e witJi .S5 per cent s.aline. 


hemolytic power, the combining power and the 
antistreptolysin necessary for neutralization were 
determined. The tubes were set up as in the sam- 
ple tabulations in Table IV. 

The results of the tests on the forty strains are 
to be found in Table I. It is seen that streptolysin 
production in glucose bicarbonate broth occurred 
both with E and NE organisms. However, this 
activity was more marked in the group of E 
strains. All but two of these organisms produced 
strong lysins. This was in accord with the find- 
ings of Todd (13). Only seven of the NE 
strains produced strong lysins; in the remaining 
thirteen the streptolysins were too weak for sero- 
logical examination. 

The capacity of these organisms to produce 
streptolysin in man was tested by determining the 
antistreptolysin titers in patients infected with 
these E and NE strains. In 25 members of this 
group it was possible to obtain blood serum just 
before or at the onset of pharyngitis and to make 
serial examinations during the two months after 
infection. The maximum antistreptolysin titers 
reached by the individuals infected with E and 
NE strains are presented in Table V, along with 
the organisms’ streptolysin titers in glucose bi- 
carbonate broth. 

The findings in these 25 patients, divided into 
two classes, may be seen in Table V. All of the 
“ E ” infections were followed by striking in- 
creases in the patients’ antistreptolysin titers. 
None of the “ NE ” infections were followed by 
more than a slight rise in titer level. The differ- 
ence between the mean A log u of the E group 
and the mean A log u of the NE group is 0.74 
minus 0.06 = 0.68, with a probable error of 0.074. 
The difference between the two means is thcrc- 

/ 0.68 Q 

fore 9.2 times its probable error j- 

This shows that the increase of titer in the E 
group is significantly greater than that in the 
NE group. The marked change in antistreptoly- 
sin level of the first class of patients may be at- 
tributed to the strong streptolysin production of 
the infecting organisms. The slight change m 
antistreptolysin level of the second clas.-^ m..) 
attributed to the weak streptolysin production ot 
most of the infecting strains. However, in 
cases the streptolysin production (in ■vitro) o 
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TABLE V 

Char.^r ir. cr,!!i!rrf<!r!ys!r, liUr fcUpxir.i^ pharynplis vith E and NE strains of hemolytic streptococcus 


Pjticnt 

Orsr;ir.i<Tn 

?trtplol>*5in liter of culture j 

filimtc (amount of Todd*s i 

anti«lrcMoly?’in rcfjuifcd j 

to neutralise 1 M.H.D. ' 

of Btreptolyjln) I 

i 

Antistreptolysin titer 
of patient 

Logarithm of 
titer *» log « 

At time of 1 
Infection 

Following 
Infection 
1 

At time of 
infection 

Following 

infection 

A log u 

0’H.irc 

E 35 

.ooooos 

units 1 

so 

units 

333 

1.70 

2.52 

.82 

Hankc 

E 3S 

.000024 

50 

200 

1.70 

2.30 

.60 

Roihcnbcrtr 

E 45 

.000008 

333 

500 

2.52 

2.70 

.22 

Scn'ctman 

E47 

.000008 

33 

250 

1.52 

2.40 

.88 

H.aIIah.in 

Ep EH 

E SO 

.000008 

200 

1250 

2.30 

3.10 

.80 

Tcrcntino 

.000030 

166 

500 

2.22 

2.70 

.48 

Ccmcv 

E 51 

.000020 

33 

1250 

1.52 

3.10 

1.58 

Aita..’ .. . 

E 65 

E 67 

.000008 

14 

125 

1.16 

2.10 

.94 

Riecardi 

.000020 

83 

250 

1.92 

2.40 

.48 

Gilliran 

E 69 

.000020 

33 

333 

1.52 

2.52 

1.00 


E SO 

.000004 

125 

500 

2.10 

2.70 

.60 


E 90 

.000008 

166 

250 

2.22 

2.40 

.22 

BHRfMHHHHIii 

E 125 

.000004 

250 

2500 

2.40 

3.40 

1.00 










100 

(median) 

333 

(median) 

1.91 

(mean) 

2.64 

(mean) 


Solomon 

NE 4 

.000004 

33 

33 

1.52 

1.52 

.00 

Rodriguez 

NE 5 

» 

50 

62 

1.70 

l.SO 

.10 

Delaney 

NE 6 
NE 10 
NE 13 
NE 14 
NE 15 
NE 17 
NE 18 

• 

62 

83 

1.80 

1.92 

.12 

Bouriei 

.000050 

143 

143 

2.16 

2.16 

.00 

Jackson 

• 

71 

143 

1.85 

2.16 

.31 

Pisillo 

• 

125 

143 

2.10 

2.16 

.06 

Fromer 

.000004 

250 

333 

2.40 

2.52 

.12 

•Miller 

• 

100 

111 

2.00 

2.05 

.05 

McFarland 

« 

143 

143 

2.16 

2.16 

.00 

Tollerton 

NE 19 
NE20 
NE 21 

.000004 

333 

500 

2.52 

2.70 

.18 

Skea 

• 

250 

125 

2.40 

2.10 

-.30 

Zelesnev 

• 

125 

166 

2.10 

2.22 

.12 










1 

125 

(median) 

143 

(median) 

2.06 

(mean) 

2.12 

(mean) 

+.06 

(mean) 


* Streptolysin content too low to be titrated. 


infecting strains was high. In these cases the 
absence of a significant rise in antistreptolysin titer 
was presumably not due to lack of streptolysin. 
Whether it may be attributed to a weak response 
of the host is to be considered in detail in the fol- 
lowing papers of this series. 

Production of skin toxin. Previous studies 
(1) have indicated that the organisms associated 
with acute rheumatism are erjThrogenic ; that is, 
they produce capillary' toxin which causes an 
ery'thematous skin reaction when injected intra- 
cutaneously into Dick positive individuals or into 
full-grown Silver Fox rabbits. 

The toxin production of the forty' organisms 
was studied by testing the capacity of each filtrate 
to produce an ery'thematous reaction. The filtrate 
was made from a forty'-eight hour growth in 
Difco proteose broth. The skins of two Silver 


Fox rabbits w'hich had previously been found to 
give a 1 cm. reaction to 5 S.T.D. (skin test doses) 
of Dick toxin were used for each test. Dilutions 
of filtrate 1 : 50 and 1 : 100 were injected intra- 
cutaneously. Controls consisted of broth and 
heated filtrate. When the results were question- 
able, the filtrates were tested on other animals. 
The reactions are expressed as follows : no re- 
action, negative; macular lesion over 1 cm. in 
diameter, w'eak; a papular lesion with erythema 
more than 1.5 cm. in diameter, strong. All read- 
ings were made at twenty-four hours. The find- 
ings are presented in Table I. 

It is seen in Table I that sixteen out of twenty' 
E strains were strong toxin producers, and in 
only one instance was this function found lack- 
ing. In contrast, of tw'enty' NE strains only’ four 
were strong toxin producers, and in thirteen no 
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soluble toxin could be detected. The correlation 
between intensity of the rheumatic attack and 
strength of toxin production previously reported 
( 1 ) seemed to be present in this study. 

DISCUSSION 

The relationship between scarlatina and rheu- 
matic fever is an interesting one. Epidemiological 
observations indicate a similar distribution. In 
the North Temperate Zone where scarlet fever is 
prevalent, acute rheumatism is common and se- 
vere. In contrast, in tropical environments where 
scarlet fever is absent (14), acute rheumatism 
appears to be rare and mild. That streptococcus 
infection of the tonsils occurs in the tropical en- 
vironment of Puerto Rico has been shown by 
Pomales (15). A limited study of Pomales 
strains has been made by the authors. This small 
group of organisms did not produce skin toxin, 
were not pathogenic for young rats and were 
antigenically different from scarlatinal strains and 
from organisms effective in initiating rheumatic 
recrudescences. In an extensive study of hemo- 
lytic streptococcus in British Guiana, Grace and 
Grace (16) have demonstrated that strains of 
hemolytic streptococcus isolated from abscesses 
and lymphangitis, either did not produce skin 
toxin or produced a toxin not neutralizable by 
scarlatinal antitoxin. These organisms were sero- 
logically unrelated to strains obtained from pa- 
tients with scarlet fever in England and in New 
York. According to Grace (17) “they differ 
markedly from the common beta hemolytic strep- 
tococcus of temperate climates in morphology, 
serological reactions and in virulence for man and 
mice.” It is conceivable that the rarity of acute 
rheumatism in the Tropics and the parallel ab- 
sence of scarlatinal infection may be due to in- 
hibited activity of Streptococcus hcnwlyticus as 
a respiratory pathogen. 

Clinicians have long recognized that scarlet 
fever in children is sometimes followed after a 
period of weeks by an initial attack of acute 
rheumatism. Paul ct al. (IS), studying post- 
scarlatinal rheumatism in New Haven, found 
“ that many examples of post-scarlatinal rheu- 
matism or carditis either represent the lighting up 
nf a previously unsuspected latent or sub-clinical 
form of rheumatic fever, or represent the manner 


in which an individual possessed of a ‘ rheumatic 
diathesis ’ may react to scarlet fever.” The pres- 
ent authors have observed both initial rheumatic 
attacks following scarlatina and the development 
of recrudescences in rheumatic subjects who prob- 
ably had scarlet fever without a rash (19). These 
rheumatic patients were infected with organisms 
that caused scarlet fever in their siblings.® 

As far as is known, the rheumatic patient only 
rarely develops the clinical picture of scarlet fever. 
Hector (20), studying scarlet fever in England, 
was able to elicit evidence of previous rheumatism 
in only a few of a large group of scarlatinal 
patients. A study of the discharge diagnoses of 
patients at Willard Parker Plospital, New York 
City, showed that the incidence of mitral stenosis 
in individuals admitted with scarlet fever was 
extremely low. Furthermore, although throat in- 
fections occur frequently during the winter and 
spring months, only three times has scarlet fever 
been seen by the authors in a group of more 
than 500 rheumatic children during a period of 
six years. 

The immunological evidence offers a possible 
explanation for the rarity of scarlet fever in rheu- 
matic subjects. According to the collected sta- 
tistics of the Pickett-Thomson Research Labora- 
tory (21), approximately 50 per cent of urban 
school children under fifteen years of age are Dick 
positive. On the other hand. Swift et al. (22), 
while studying the reaction to the Dick test in 
children with rheumatic fever, found that among 
1 12 patients with either active or latent rheumatic 
fever, only fifteen showed positive reactions. 

® An illustrative c.xamplc follows : Katherine H. and 
William H., sister and brother, had been under observa- 
tion in the Vanderbilt Clinic for over two years when 
both contracted a throat infection on the same day, 
Katherine, who was known to be a rheumatic subject with 
mitral stenosis, recovered from pharyngitis and remained 
symptom-free for ten days. William, who in the past had 
had neither symptoms nor signs of rheumatism, developed 
the typical clinical picture of scarlet fever the day after 
infection of the throat. He was placed in isolation at 
Willard Parker Hospital. Two weeks later both children 
developed epistaxes, fever and joint pains. Katherine 
(History Ko. 417904) was admitted to Oabics f/ospita! 
with a rheumatic recrudescence and William 
Xo. 29478S) was admitted to Babies Hospit.a! 
initial rheumatic attack, accompanied by severe 

” Two cases were followed by pancarditis, t.ne 
mild carditis. 
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Kaiser (23), Collis (24) and otlicr workers have 
likewise observed a low incidence of Dick positive 
reactions in children with rheumatism. Among 
the authors’ group of rheumatic patients under 
the age of fifteen, less than 10 per cent were Dick 
positive, although less than 5 per cent of the group 
gave a historj- of having had scarlet fever. The 
high incidence of Dick negative reactions among 
rheumatic children who have not had scarlet fever 
points towards e.xpericnce with crj-throgenic or- 
ganisms, presumably in the course of frequent 
throat infections with E strains. This would ac- 
count for the rarity of the clinical picture of 
scarlet fever among children with rheumatic heart 
disease. The small percentage, less than ten, of 
Dick positive rheumatic patients corresponds to 
the 10 per cent of non-rheumatic patients who 
fail to become Dick negative after scarlet fever. 

Finally, there appears to be a close similarity 
between the type of hemoUtic streptococcus as- 
Eodated with scarlatina and rheumatic fever. The 
organisms recovered from the throats during 
scarlet fever and the throat strains effective in 
initiating recrudescences in the rheumatic subject 
are serologically indistinguishable (1,25). They 
are both characterized bj- their capacity to elabo- 
rate soluble toxin (1) and streptolysin (13). 
They both stimulate antibody production in high 
titer as judged by the antistreptolysin levels de- 
veloped in individuals recovering from scarlet 
fever or individuals with acute rheumatism (26). 
The patient with rheumatic disease is usually 
Dick negative and fails to develop the rash of 
scarlet fever when infected with a scarlatinal 
strain. This was striking in The Pelham Home 
epidemic, described in preceding papers of this 
series (27). At that time a highly effective 
agent® (Strain EpEH, Table I) was found to 
produce strong scarlatinal toxin, to cause pharyn- 
gitis without a rash in rheumatic subjects, and to 
give rise to a severe outbreak of rheumatic re- 
crudescences. 


® The strains from this epidemic fell into our group 
(1), Griffith Tj-pe 26 (25). It is possible that the 
t>'ping of hemolj-tic streptococcus may help to determine 
■which organisms are highly effective in initiating rheu- 
matic activity. 


SUMMARY 

The biological characteristics of strains of he- 
mol}-tic streptococcus assodated with acute pharyn- 
gitis in rheumatic subjects have been studied. 

Half of the strains selected initiated intense 
activity of the rheumatic process and the other 
half failed to initiate rheumatic actirity in suscep- 
tible subjects. 

The cultural characteristics of the organisms 
studied were essentially the same in both groups. 
All strains were of human tj-pe. 

The effective organisms were characterized by 
the capadty to produce strong skin toxins and 
streptolysins and were indistinguishable from scar- 
latinal strains of Streptococcus hemolyticus. 
The}' gave rise to the development of high titers 
of antistreptolysin in the subjects infected. 

Those strains which failed to produce skin toxin 
and streptolysin, and did not give rise to the devel- 
opment of high titers of antistreptolysin, were 
ineffective in acti\'ating the rheumatic process. 
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There seems to be a dose relationship between 
infection with hemolytic streptococcus, produdng 
skin toxin, and initiation of rheumatic activity in 
susceptible subjects. The failure of the rheu- 
matic patient to develop activity of the disease 
process when infected with a non-erj-throgenic 
strain of hemolj-tic streptococcus suggests the 
possibility that toxin may play an important role 
in the genesis of rheumatic lesions. To test the 
possibility that an increase in circulating antitoxin 
to streptococcus might protect the tissues of the 
rheumatic subject and modify the disease attack, 
the authors have made two studies, one on active 
immunization with scarlatinal (NY5) toxin, the 
other on passive immunization with NY5 anti- 
toxin. 

I. ACTIVE IMMUNIZATION WITH SCARLATINAL 
TOXIN 

Its relation to streptococcus infection and rheu- 
matic fever 

Reports on the effectiveness of active immuni- 
zation with streptococcus toxin vary widely. 
Most obser\'ers agree that the procedure prevents 
scarlet fever and many consider it effective in 
lowering the incidence of throat infections and 
their complications, such as rheumatic fever and 
nephritis. The literature has been summarized 
by the Pickett-Thomson Research Laboratory 
(1). The present study has been made to deter- 
mine whether active immunization with strepto- 
coccus toxin may increase resistance to infection 
and whether it may modify the host’s reactivity. 

^ The work reported in this communication was carried 
out under The W. K. Kellogg Foimdation. 


Character of the group under observation 

The individuals under observation consisted of 
two classes of student nurses entering training at 
the Presbyterian Hospital in 1932 and in 1933. 
Half of each class was immunized and the other 
half was observed as a control group. The sub- 
jects were in good health, had not experienced re- 
cent streptococcus infection, had neither history 
nor signs of rheumatic disease and had in most 
instances lived in the Hcinity of New York. 

Method of immunisation 

Fifty-two members of one class and 61 mem- 
bers of the other were immunized with NY5 
streptococcus toxin. The material was purified 
and concentrated by Dr. Michael Heidelberger. 
Injections were given twdee a week, beginning 
with 500 S.T.D. (skin test doses) and reaching 
a maximum of 80,000 S.T.D., after a period of 
tw’o or three weeks. Each individual received 
between 300,000 and 400,000 S.T.D. 

Results 

The results of immunization in comparison with 
the control group may be considered from three 
standpoints: (a) alteration of skin reactivitv*; 
(&) influence on the incidence of respiratory in- 
fection; (c) effect on the development of rheu- 
matic fever and nephritis. 

(a) Alteration of skin reactivity. The change 
in sldn reactivity after immunization with NY5 
toxin is seen in Table I. Before immunization, 
the majorit}' of individuals were Dick positive. 
With one exception, all were Dick negative fol- 
lowing immunization and remained so over a 
period of one year. About 80 per cent became 
skin negative to 20 S.T.D. following immum'za- 
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TABLE I 


Skin reactions to streptococcus toxin before and 
after immunisation 




Group A 

—1932 


Group B — 1933 


1 Skin reactive to 

i 

1 

1 Skin reactive to 



1 



Num- 




Num- 





! her 




her 


1 

5 

20 

! tested 

1 

5 

20 

tested 


S.T.D. 

S.T.D. 

S.T.D. 

i 

S.T.D. 

S.T.D. 

S.T.D. 


Before im- 









muniia- 
tion .... 

29 

1 

j « 

50 

52 

30 

37 

44 

ei 

month j 
after im-j 


i 

i 

i 






mnnlza- ' 
tion. ...i 

2 

3 

19 

52 

0 

0 

8 

61 

Four ! 





months 
after im- 
tpuniza- 
tion. . . . 

1 

8 

21 

50 

j 




One year 







after im« 
muniza- 
tion. ... 

] 

1 j 

8 

21 ! 

50 






tion. Skin reactivity decreased markedly in all 
but three individuals, 

(b) Influence on the incidence of respiratory 
infection. A clinical record was kept on each in- 
dividual and every respiratory infection was re- 
ported to the physician in charge. Cultures of 
the throat were made on these occasions. During 
the period of observation the immunized group 
of approximately 100 individuals contracted 24 
respiratory infections associated with hemolytic 
streptococcus.* Nearly all of these individuals 
had negative skin tests to 20 S.T.D. In the con- 
trol group there were nineteen similar infections 
and one case of scarlet fever. 

(c) Influence on the development of sequelae. 
Both the control and immunized groups included 
only selected individuals, as all known rheumatic 
subjects had been removed. Nevertheless, two 
individuals in the immunized group developed 
rheumatic carditis and one severe nephritis fol- 
lowing cetA'ical adenitis. Likewise in the control 
group there was one instance of acute rheumatism 
and one of acute nephritis among the nineteen 
throat infections. 

In brief, the findings indicate that although skin 
reactivitv to streptococcus toxin was diminished by 


« These organisms were all beta strains of hemolytic 
strepttHTOCcus. Some produced toxins which were neu- 
traliied by NY5 antitoxin. 


active immunization, ^ there was no evidence that 
it increased resistance to streptococcus infection 
or prevented the development of rheumatic dis- 
ease. 

II. PASSIVE IMMUNIZATION WITH ANTISTREPTO- 
COCCUS SERUM 

Two findings have been almost constantly as- 
sociated with activation of the rheumatic process : 
first, that the effective (see Paper IV of this 
series (2)) organisms produce strong soluble 
toxins, and second, that the host develops an anti- 
body response (antistreptolysin) at the time of 
onset of rheumatic activity. Whether toxin is it- 
self important in initiating rheumatic disease or 
whether toxin production in vitro is merely an 
index of a highly active strain is unknown. It 
seemed possible that the introduction of strepto- 
coccus antitoxin during respiratory infection and 
during the symptom-free phase before the onset 
of an expected rheumatic attack, might throw 
light on the role played by toxin in the initiation 
of rheumatic activity. 

Group of patients studied 

Ten patients were selected for this study, in- 
cluding seven males and three females. Their 
ages were between fourteen and thirty. All were 
highly susceptible rheumatic subjects with vary- 
ing degrees of cardiac damage who had been 
under observation for a period of two to six 
years. Six of the group, \vhile under the authors 
care, had previously contracted hemolytic strepto- 
coccus infections which had been followed by 
severe attacks of rheumatic fever. None had e.x- 
perienced streptococcus disease, so far as could 
be determined, for at least one year. Two throat 
cultures had been taken on each individual ever) 
month. In each individual the rheumatic process 
appeared to be quiescent at the beginning of the 
study. All gave negative skin tests to horse sc- 
rum and were in excellent condition at the onset 
of pharymgitis. Eacii individual reported the 
symptoms of pharyngeal infection at the onset ot 
the respiratory infection. Throat cuUurc.s at t at 
time showed hemolytic streptococcus in predomi- 
nance. Each subject was admitted to the warns 

s Skin reactivity to streptococcus nucleoprotesn v;zi n 
influenced. 
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of the Presbyterian Hospital with the character- 
istic clinical picture of acute pharyngitis. 

Procedure 

The patients were placed in bed in the hospital 
and the local infections were treated in the ais- 
tomar}- manner, with the exception that no sali- 
cylates were given because of the possibility of 
masking rheumatic symptoms. Antistrcptococcus 
serum tos given to some of the patients during 
the period of phan,'ngitis ; to others at the time 
the phar}-ngitis was subsiding and to the remainder 
during the quiescent intcr\'al, after infection but 
before rheumatic manifestations were due to ap- 
pear. The material used was NY5 antiserum, 
lot number 223B, supplied especially for this pur- 
pose by the New York State Department of 
Health. This antiserum was chosen because of 
its broad valence and because it had previously 
been shown (2) to neutralize, in about 70 per cent 
of instances, the toxins formed by organisms ef- 
fective in initiating rheumatic activitj- in New 
York City. The scrum was fresh, contained ■* 800 
units of antitoxin per cc. and was kept at 4° C. 
during this study. At the beginning of immuni- 
zation small quantities were diluted with saline 
and given intravenously. The doses were in- 
creased in the customaiy manner from .01 cc. to 
.1 cc. to 1 cc. to make sure that the patient could 
tolerate 10 cc. without symptoms. Only one pa- 
tient experienced any distress, and in this indi- 
vidual (Patient G.S.) administration of serum 
was discontinued. The others received antitoxin 
each day for five days, the total dosage var>dng 
between 40,000 and 100,000 units. The usual 
precautions against anaphylaxis were observed 
with great care. Nevertheless, two individuals of 
the group, although skin tests were negative and 
although they had not received horse serum in 
the past, developed severe serum disease a few 
days after their last dose of antitoxin. 

The organisms associated with the throat infec- 
tions were studied shortly after isolation. Their 
capacity to produce soluble toxin was tested on 
at least t%vo adult silver fox rabbits in the manner 
used throughout these studies (2). The filtrates 
which caused severe reactions in dilutions 1 : 200 
or greater were considered strong toxin producers 

* It also contained 4,000 units of antistreptolysin per cc. 


(-}—{—{- or i — f-) »■ those which produced 1 

to 2 cm. reaction in dilution 1 : 50, weak toxin 
producers (-{-); those which caused no reaction 
in dilution 1 : 10 were considered negative. Nega- 
tive strains were checked by making a second and 
in some cases a third group of filtrates. Neutral- 
ization tests were carried out in the usual manner 
b}- incubation with an appropriate amount of 
NY5 antitoxin at 37° C. 

Blood serum was obtained under sterile con- 
ditions from each individual before the admin- 
istration of any antitoxin. Samples were simi- 
larly collected shortly after the last dose and sub- 
sequently at weekly intervals. All of the sped- 
mens were stored at 4° C. and the antistreptolysin 
titers were determined at the completion of the 
experiment. 

Following the administration of serum each pa- 
tient was kept in bed. Electrocardiographic trac- 
ings, white blood counts and blood sedimentation 
rate determinations were made twice a week. 
Those indidduals who appeared to escape re- 
crudescences after three weeks in bed were ob- 
sen-ed in the Out-patient Department where the 
laboratory studies were repeated. Tables II and 
III, illustrative of the records kept on each sub- 
ject, and their histories, are presented in brief. 

CASE HIST02IES 

C. G., A umber 238300. The patient -was a boy of fif- 
teen who had been under observation for two years. He 
had e.xperienced a tj-pical attack of rheumau'e fever at six 
years of age and developed mitral stenosis. In 1932 and 
1933 he was in excellent health and sj-mptom-free until 
the onset of pharyngitis on March 9th- He was admitted 
to the Presbyterian Hospital on the first day of his in- 
fection and given 90,000 units of antiserum. Clinical ob- 
servations and laboratory findings are presented in Table 
II. This table is divided into three phases — ^acute phar- 
yngitis, symptom-free interval, attack of acute rheuma- 
tism. The findings are smular to those in the other pa- 
tients who developed recrudescences. During mild serum 
sickness the blood sedimentation rate fell to a strikingly 
low level.® This rose on the tenth day after pharyngitis, 
and marked leukocj-tosis appeared. The antistreptolysin 
titer rose rapidly, and on the fourteenth day he developed 
severe rheumatic carditis beginning with abrupt develop- 
ment of pj-rexia. Rheumatic activity persisted for at 
least three months (see Table II). The polyarthritis 
was more intense than he had ever experienced. 

® The blood sedimentation rate has been observed to be 
• low during periods of serum sickness with ede m a. 
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TABLE II 

Data 011 Patient C. G., Number 238,300 


Disease stage 

Date 

Blood 

Throat flora 

Clinical observations 

Remarks * 

W.B.C. 

Sedi- 

men- 

tation 

rate 

Anti- 

strep- 

tolysin 

titer 

Phase 1 

Acute hemolytic 
streptococcus 
infection 

19SS 

March 9 

March 10 

March 11 

15,000 

15,400 

mm. 

16 

units 
per cc. 

33 

Hemolytic streptococci 
predonunant 

Hemolytic streptococci 
predominant 

First day of acute pharyngitis. Tem- 
perature 101“ 

Acute pharyngitis. Temperature 101“ 

Subsiding pharyngitis 

Ekg. T2 is diphasic 

NYS serum number 223B 10.000 units 

NY5 serum number 223B 20,000 units 

Phase 2 
Symptom-free 
interval 

March 12 

March 13 
March 14 
March 15 
March 16 
March 17 

March 18 

March 29 
March 21 
March 22 
March 23 
March 24 
March 25 

16,000 

18.550 

21.550 
22,350 

8 

4 

34 

33 ' 

1 

111 

1 

Hemolytic streptococci ! 
! disappearing 

Good condition. Apparently quies- 
cent 

Serum sickness. Mild urticaria 

Nausea and vomiting. Sore throat 
and general glandular enlargement 

Good health. Apparently quiescent 

NYO serum number 223B 20,000 units 

NYS serum number 223B 20,000 units 
NYS serum number 223B 20,000 units 

Ekg. normal Blood sedimentation 
rate perhaps depressed by scrum 
sickness 

Phase 3 

Moderately severe 
rhcumaticnttack 

March 27 

March 28 

March 29 

March 30 

March 31 

April 4 

April 7 

April 28 

Alay 11 

May 15 

19,200 

21,800 

13,900 

9,420 

9,800 

0,350 

66 

124 

115 

64 

85 

200 

333 

250 


Acute rheumatism. Temperature 
103“. Carditis and polyarthritis 

Continued activity of the rheumatic 
process 

Polyarthritis 

Persistent activity— symptoms sup- 
pressed by salicylates 

Ekg. T2 diphasic 

Aspirin started 

Ekg. normal 

Aspirin stopped 

Ekg. normal 

Aspirin started 

Hemoglobin loss 30 per cent. R.B.C. 
loss 1,000,000. Ekg. normal. Dis- 
charged for convalescent care 

Sent to Reed Farm and had recrudes- 
cence one week later 

Good health 

November 0 
1934 

January 13 

■ 

■ 

125 

83 


Marked improvement. Sjuaptom free 

Good health, sj-mptom free 



* Ekg. = electrocardiogram. 


M. A., Number 63035. The patient was a girl of 
twenty who had been under obsen-ation for eight years. 
During this period she had three rheumatic attacks with- 
out polyarthritis. All of these followed throat infections 
with hemolytic streptococcus. She had developed ad- 
vanced heart disease but had been free of symptoms for 
more tlian one year when she contracted influenza in 
Januarj- 1933. Recoverj’ was satisfactorj-. The rheu- 
matic process remained quiescent. On February 28th she 
contracted hemolytic streptococcus pharjmgitis and was 
readmitted to the Presbyterian Hospital where she was 
given 80,000 units of antiserum. The observations during 
the infection, the symptom-free period and the rheumatic 
attack are summarized in Table III, The findings are 
similar to those seen in Table II. Following acute phar- 
vngitis, there occurred a symptom-free interval and then 
developed the most severe rheum.atic attack that this pa- 
tient h.as c.xperienccd. Polyarthritis was intense. 


RESULTS 

The findings in this study of ten patients pas- 
sively immunized with NY5 antistreptococcus sc- 
rum are presented together in Table IV, Six 
individuals developed rheumatic recrudescences 
and four appeared to escape. Four of the six 
recrudescences were severe attacks that necessi- 
tated bed care for a period of months. In three 
of these four, the antiserum neutralized in vitro 
the toxic filtrate of the hemolytic streptococcus 
associated with the preceding throat infection. 
Seven of the ten strains were toxin producers, 
and six of these seven infections were followed 
by rheumatic recrudescences. In each of the .sL^ 
patients who had recrudescences there was a rise 
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TADLE III 

Data on Patienl M. A., Number 63035 



Ditt 

BIok! 

Throat flora 

Clinical obserratiorj 

Remarks 

w-U.c. 

Ml- 

taticin 

rate 

Ar.ti- 

tolj-ilr. 

Uter 

IrLScfnx* 

Jar.uary 7 
2tT.MlT7 S 
JiT.ztry SO 

7.500 

1 6.050 

r.n, 

12 

16 

14 

:o 

Ncmal 

Kcrtnal 

Trostrated, temperature 1Q4® 

InprOTir.s 

Syraptom-freo 

Severe bfluenia 

No sequelae from infleenra 

I 

Ac^tc 

nrtj-tofoe- 
c:a itJec- 

rtbrei .-7 ;s 

Ml-c!: : 

Mv-ri 3 

Mi.ti i 

11.700 

13, 7M 

45 

25 

Ilenolyti: iirerto^o«t 
pftdoniinar.t 
llcmclj-tic streptococci 
prtdcmioar.l 

Hcmolj-tic itreptococci 
pftdorinanl 

Onset of acate pharyndtis. Tcmperalare i 
lOl® 1 

Acctc pharyndtis- Teaperalnre 102* 1 

Acute pharyndtis. Temperature 102® ' 

Suhddin^ pharyndtis- Temperature CO* 

NY5 antberum 20,000 units 

NYo antberum 20,000 units 

NY5 antiserum 20,000 units 

NYo antberum 20,000 units 

Pi:U«2 

free is- 
terril 

t.iirvh 5 

Mi-ti 6 
Ma.th 7 
Mi.th S 
y.urcii 5 

U.700 

11.600 

49 

CO 

lit 


Sympton-free 

Symptom-free 

Symptom-free 

Symptom-free 

Sympton-free 

Ekt.—inconplete bundle branch 
block, present for five yean 

PiiiJcS 
Severe rtea- 
X33tic i 

attack 

Much 10 
Much 1 1 
Much i: 

Much 13 
Much 11 
Much 15 

Much 16 
Much 11 
Mirch 23 
Much IS 
Mirch 30 
April 5 

April S 

April 17 

April H 

-April IS 

Miy 11 

11,500 

U.600 

io.i$a 

9,7S0 

II.OSO 

8,910 

11,100 

8J50 


115 

115 

125 

Few heaolytic streptococci 

i 

Few Icsolytic etreptocoed 
Few heaolytic rt.«eptococd 

Few hcaolytis ftreptocoed 
Few teaolytie strep tococci 
Few beaolj'tie streptococci 
Few hcnob^c streptocoed 
Few hemolytic streptocoed^ 

Malaise, pain b richt shoulder and left fortarm' 
PMna b arms and le^ Temperature 100^ ! 
Mild g!»^<idar enlargement. Temperature 
100* 

Cervical adenitis. Temperature 101® 

Severe muscle pains. Temperature 102* 
Severe carditis and polyarthritis. Tempera- 
ture 103* 

Pyreda. 101* to 102* 

Pyreda. 101* to 10^ 

Urticaria 

Symptoms subedbg 

Symptoms ntddbg 

Symptoms subedbg 

Tachycardia 

Slowly gubdding activity 

Mild rheumatic symptoms 

J.fild serum sickness 

Intense rheumatic attack 

Eka,— tachycartSa 

Salicylate therapy 

Salicylates discontmued 

Discharged &om fteabyteriac Hcspiial 

Heartfailnre 

July 15 

8^60 

12 

S3 


Cardiac bsuSciency 

1 Readmitted to Preabyteriaa Hospital 

Good health 

Oclobtr 26 
J3S4 

January 22 



71 

50 

Normal 

Konaal j 

Symptom-free 

Symptom-free 

Living b Brooklyn 

Working as salesdri 


TABLE IV 


The effect of passive immunization with streptococcus antitoxin on rheumatic subjects recovering from streptococcus pharyngitis 


Patient 

Organism 

Antiserum 

Antistreptolyab titer 

Clinical result 

Kane 

Age 

Strain 
of hem- 
eljiic 
strepto- 
coccus 

Sugar fer- 
mentation 
typ« 

Tom 

produo- 

tion 

Torn neu- 
tralization 
^tb NYo 
antiserum 

Total 

number 

of 

umts 

Time of 
adznbistration 

Dur- 

ing 

infec- 

tion 

During quies- 
cent bterval 

During period 
of attack 









vnit* 


units 

vr.its 

until 










per cc. 

per ec. 

per cc. 

per cc. 

per cc. 


M-A. 

16 

S 65** 



Complete 

80.000 

Durbg pharyndtis 

25 


Ill 

125 

125 

Severe attack 1 week after serum 

C.G. 

15 

S 69 


-i'-r-h- 


90,000 

Durbg pharyndtis 

33 

33 

111 

200 

250 

Severe attack 10 days after serum 

FJL 

16 





100.000 


83 


143 

250 

250 


J.W. 

15 

S 90 

Infrequens 

' -i- ' 

Complete 

40,000 

1 week after pharyn- 

167 

167 

200 

200 

250 

Severe attack 2 days after serum 

ji 

30 

S 61 




100,000 

Durbg pharyndtis 

71 

83 

100 

125 

100 

MEd attack 16 days after serum 

M,0.* 

21 

B 62 


-4— r-4- 


80,000 

Duibg pharyndtis 

25 

56 


111 

167 

Mild attack 12 days after serum 

WJ.* 

21 

S 77 




80,000 

At end of pharyndtis 

100 

111 

143 

143 


Attack apparenUy escaped 

JJL 

15 

S 76 




40,000 

During pharjTidtis 

lOO 

56 

63 

71 

63 

Attack apparentiy escaped 

pja. 

17 

SlOO 

Pyogenes 

None 


40.000 

1 week after pharyn- 

63 

62 

71 

lOO 


Attack apparentiy escaped 

GS. 

U 

S 89 

Pyogenes 

None 


1,000 

At end of pharyngitis 

33 

Z3 

33 

33 


.attack appardly escaped 


* Developed severe serum sickness the d&y following the last dose of antitoxin. 
** S designates strains from patients treated with serum. 
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in antistreptolysin titer at the onset of the attack. 
Of the four individuals who appeared to escape 
recrudescences, three were infected by organisms 
that produced no detectable soluble toxin. The 
antistreptolysin titer remained low in these cases. 
The results presented in Table IV are in accord 
with the findings already described (2) for pa- 
tients who received no antiserum; that is, re- 
crudescences followed infections with agents that 
produced soluble toxin, and occurred with a re- 
sponse of the antibody mechanism. 

DISCUSSION 

It is seen that active immunization with strepto- 
coccus toxin does not afford protection against 
respiratory infection with hemolytic streptococ- 
cus, It is also evident that the introduction of 
antitoxin just after streptococcus infection is in- 
effective. This result is strikingly different from 
the effects of passive immunization following tet- 
anus infection. The observations suggest that 
if streptococcus toxin plays a role in the genesis 
of rheumatic lesions, the relationship is probably 
not simply one of direct damage to mesodermal 
tissues. 

One patient, W. P. Number 257703, is of 
especial interest. While under observation he 
contracted hemolytic streptococcus pharyngitis in 
1931. The organism was a strong toxin pro- 
ducer, and the patient developed a sharp rise in 
antistreptolysin titer coincident with the onset of 
a severe rheumatic attack. In the present study, 
he was also infected by a strain which produced 


strong toxin. However, in this instance he de- 
veloped only a slight rise in antistreptolysin titer 
and escaped all evidence of rheumatic activity. 
Whether the occurrence of severe serum disease 
in this individual modified the antibody response 
is unknown. His failure to develop a recrudes- 
cence suggests that if streptococcus toxin is a 
factor in the production of rheumatic activity, its 
effectiveness is dependent upon the immune re- 
sponse of the host. 

SUMMARY 

Active immunization with streptococcus toxin 
neither prevents streptococcus infection nor in- 
hibits the development of the rheumatic process. 

The introduction of protective antibodies just 
prior to the expected attack does not decrease 
and may possibly increase the intensity of the 
rheumatic recrudescence. 

The development of rheumatic activity appears 
to depend not only upon infection with a toxin 
producing strain of hemolytic streptococcus but 
also upon the host’s immune response to this 
infection. 
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The author.*; luvc observed that respiratory 
infection with a strain of hemolytic streptococcus 
producing strong to.xin is not invariably followed 
by rheumatic recrudescence ' in a susceptible sub- 
ject. This observation has been made under sev- 
eral difierent circumstances, (o) Two rheumatic 
children escaped rheumatic activity in spite of 
infection with a strain of hemolytic streptococcus 
that produced severe recrudescences in fourteen 
others living in the same home (1). (b) In- 

fections with a scarlatinal strain of hemoljtic 
streptococcus, occurring simultaneously in two 
rheumatic siblings were followed by rheumatic 
attacks, one of which was severe and prolonged, 
the other e.xtremely mild (2). (c) Scarlet fever 
in one rheumatic subject under close observation 
was followed by only mild carditis, (d) Several 
of the strains described in the fourth paper of 
this series (2) produced strong toxin and strepto- 
lysin but were not effective in initiating recrudes- 
cences, The one characteristic common to all of 
these individuals who escaped attacks was the fail- 
ure to develop a significant rise in antistreptolysin 
titer. The present paper deals with the significance 
of changes in antistreptolysin level in the rheu- 
matic subject. 

. The natural antistreptolysin level and the average 
range in good health 

It has already been shown (3) that the natural 
antistreptolysin level in subjects who have been 
free of hemoly-tic streptococcus infection is ap- 

^ The work reported in this communication ^vas carried 
out under The W, K. Kellogg Foundation. 

^ The term “ recrudescence ” is applied to the develop- 
ment of an acute attack in a known rheumatic subject, 
following a period of quiescence. It is not to be confused 
with an exacerbation of symptoms, such as may occur late 
m a polycj'clic rheumatic attack. 


pro.ximatel}' SO units. The range of titers t 
be expected in apparently healthy persons livin 
in New York City was determined in a study o 
146 individuals of various ages. They are re 
ported in five groups as spedfied in Table j 

TABLE I 

The frequency of high and lozv antistreptolysin iitei 
among several groups of subjects living in 
New York City 



Nunber of cases with titer of 

Group 

ICO onits 
or less 

Betrreen i 
100 and i 
200 xmits 1 
j 

200 units 
Of more 

Mothers 

29 

7 

1 

Babies 

25 

10 ! 

1 

2 

Medical students 

8 

1 

1 

Nurses — probationers 
(1931) 

14 

5 

3 

Nurses — probationers 
(1932) ; 

34 

6 

0 

Total 

110 

29 

7 

Per cent. . 

75 

20 

5 


These data are summarized in Table III where i 
is seen that the median titer for 1/6 individuals i) 
good health was 83 units. This is significant! 
higher than the natural level of 50 units. 

These findings serve as an index of what ma; 
be expected in New York Citj' in the populatioi 
as a whole. The results show that 75 per cen 
had antistreptolysin titers of 100 units or less, i 
per cent had titers of 200 units or more, 20 pe: 
cent were intermediate. The median ^ of the 14i 

- To facilitate comparisons between groups, medign 
have been used throughout rather than averages, as it i 
not mathematically permissible to average qxantities o 
such difierent magnitudes as the titers in question. 
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determinations was 71 units, slightly higher than 
the natural level of 50 units. This indicates the 
difference between the range of titers to be ex- 
pected during “ good health ” or following other 
infections and the natural antistreptolysin level 
of individuals who have been free of hemolytic 
streptococcus disease for a long period of time. 

The raiige of antistreptolysin titers following 
hemolytic streptococcus infection 

The authors are in entire agreement with Todd 
(4) that the presence of an antistreptolysin titer 
of 200 units or more is strong evidence of recent 
infection with hemolytic streptococcus. However, 
in interpreting the significance of titers below 200 
units it is important to know the frequency of 
such levels in persons convalescing from these in- 
fections. For this purpose, determinations were 
made on sera obtained from a number of suitable 
patients. The readings were of two kinds, single 
determinations made four weeks after recovery 
from infection, and determinations made serially 
for six months following infection. 

Single observations in a group of 26 cases 
showed that 10 per cent (following scarlet fever), 
16 per cent (following mastoiditis) and 50 per 
cent (following pharyngitis) had titers below 200 
units. In 24 patients with hemolytic strepto- 
coccus pharyngitis whose titers were determined 
repeatedly, 55 per cent developed maximum levels 
of less than 200 units. Most of these low titers 
followed infections contracted during the fall and 
winter months.^ There was wide variation in 
the type of titer curve developed. Some indi- 
viduals (Type A) showed a progressive increase 
in antistreptolysin level, which reached a peak in 
five to twenty weeks. Other individuals (Type 
B) had a sharp initial rise, which was maintained 
for only a few weeks. Nearly all of the patients 
developed a secondary rise of titer some months 
after the primary maximum. Illustrative curves 
of both types are presented in Figure 1. The 

* This sc.'i'onal variation is mentioned because the au- 
thors have also noted a similar fluctuation in production 
of toxin and in the frequency with which these infections 
are followed by a rheumatic attack. In New York City 
th" activity of hemolytic streptococcus appears to be at 
a minimum in tb.e early autumn, and to increase pro- 
Krc^sively throushout the winter and spring months. 



Fig. 1. The Development of Antistreptolysin 
Titers in Young Adult, Non-Rheumatic Subjects 
Following Throat Infections with Hemolytic 
Streptococcus, 

data for all the single and serial determinations are 
presented later, along with the observations on 
rheumatic patients in Table VII. 

Antistreptolysin titers during the attack of acute 
rheumatism 

Working in conjunction with Dr. E. W. Todd, 
the authors reported finding high antistreptolysin 
titers in the sera of patients with acute rheuma- 
tism (5). Similar studies published by Myers 
and Keefer (6) of Boston have substantiated 
these findings in part, but have raised certain 
questions which it seems advisable to discuss at 
this point, before presenting any more data. 
Myers and Keefer agree that the antistreptolysin 
titer in acute rheumatism is elevated to a level 
equal to that following proven streptococcal in- 
fections ; but they question any significance bci^ 
attached to readings of 200 or 250 units, since 200 
was the “ average ” level of their normal control 
group. The choice of a few hospital assistants 
for their “norma! control group,” may well ac- 
count for these high readings. The failure oi 
Wilson ct al (7) to detect the significance ot the 
antistreptolysin titer in children with rhcuni.ati^ 
fever may result from their use of average.-, ap 
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plied at a critical point in their argument to only 
ten eases. Since titer readings increase geomet- 
rically, arithmetic averages arc meaningless. 

Antistrcptoly.sin determinations have been 
made in this laboratory on all of the authors’ 
patients with frank attacks of rheumatic fever, 
those with chorea being excluded. Altogether, 
the sera of 175 patients were e.xamincd in 1933, 
1934 and 1935. Single readings were made on 
the first group of patients; weekly titrations were 
made in 1934 and 1935. The results were as fol- 
lows : In 1933, the median was 250 units, the (ge- 
ometric) mean 224; in 1934, the median was 500 
units, the mean 430 units; in 1935, the median 
was 500 units, the mean 562. These data are 
presented in Table VII, 

The occurrence of these high titers in acute 
rheumatism did not appear to depend on the age 
of the individual. The authors’ patients ranged 
from IS months to 50 years of age.* The per- 
centage distribution of titer levels in relation to 
age is shown in Table II. 

TABLE n 

Percentage distribution of antistreptolysin titers in rela- 
tion to age, in 271 patients with acute rheumatism 
1930-1935 


Age 

Cronps 

Nambcr 
of cases 

Range of antistreptolysm titers 

Median 

tilers 

50 

to 

83 

100 

to 

167 

200 

to 

333 

500 

to 

833 

1000 

to 

1667 

2500 

years 









Oto 2 

s 



20 

60 

20 


500 

3 to 7 

22 



35 

30 

30 

5 

500 

8 to 13 

IIS 

1 

4 

48 

24 

19 

4 

333 

U to 21 

72 

1 

10 

48 

30 

10 

1 

333 

22 to 30 

29 


21 

59 

10 

10 


250 

31 to SO 

28 


30 

50 

17 


3 

250 


It is seen in Table II that the titer distributions 
were approximately the same at all ages. There 
Was a slight tendency towards higher levels in the 
younger age groups and a similar tendency to- 
wards lower levels in adults with acute rheuma- 
tism. 


* In 80 per cent of 37 cases studied, blood irom the cord 
of the newborn contained more antistreptolysin than the 
corresponding mafema! blood. 


The fall in anlislrcptolysin liter during snbsidenc 
of rheumatic activity 

It was possible to observe 41 of these patient 
for two 3 'ears following an attack of acute rheu 
matism and to obtain sera for titer determination 
at appropriate intervals. So far as could be de 
termined, none of these patients was reinfectei 
during this period. The changes in titer level 
during convalescence are presented in Table III 

The changes in titer seen in Table III are sim 
ilar to the observations made at The Pelhan 
Home (I). The rate of fall in titer during con 
valescence varied markedly. In no instance wa 
the titer higher during recovery than during thi 
acute attack. Sera of all individuals tested at th< 
end of six months showed a fall in titer, with th( 
e-xception of one child who maintained a titer oi 
333 units for trvo years. More than half of thi 
patients had reached natural levels at the end ol 
two years ; the remainder had only a slight eleva- 
tion of titer. The median value for the group a: 
this time was 71 units. In contrast, the mediat 
value for the same patients during the acute at- 
tack was 250 units. From these observations il 
is seen that the antistreptolysin titer diminish^ 
as the rheumatic process becomes quiescent. Thi= 
is believed to indicate subsiding aedHtj' of th£ 
tissues producing antibody to hemol}^c strepto- 
coccus. 

In summaiy^ it is apparent that the range of 
antistreptolj'sin titer during the attack of acute 
rheumatism is (I) similar to that observed during 
convalescence from scarlet fever, (2) higher than 
that following hemolytic streptococcus pharyngi- 
tis, (3) considerably higher than that of rheu- 
matic subjects apparently quiescent, (4) strik- 
ingly higher than that of indiriduals in good 
health or with diseases not of hemolytic strepto- 
coccus origin. 

Serial antistreptolysin determinations make it 
possible to investigate the time relationship be- 
tween the development of rheumatic actiritj- and 
the production of antibodies to hemohdic strepto- 
coccus, The authors are of the opinion that al- 
though the antistreptolysin titer represents only 
a fraction of this antibody response, it is the best 
available index of the total immune response to 
infection with this agent. The following observa- 
tions are presented in detail to show a relation- 
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TABLE III 

Antistreptolysin titers of patients, recovering from acute rheumatism {units per cc.) 


Name 


Faiman 

Neal 

Pagano 

Paul 

Riccardi . . . . 
Romorofsky 

ScibeHi 

Sullivan, M. 
Sullivan, H.- 
Anderson . . . 
Acconero, P. 

Braun 

Clifford 

Clowrjf 

deMario ... 
DeBiasi. . . 

Feeley 

Franklin. . . 

Giralt 

Hall 

Herman. . . 
Hickey .... 

Howe 

Korson .... 
Kouba .... 

Lally 

Lun 

McDonald. 
Mackay . . . 
Maurer.. . . 
Mazorra. . . 
Mazzia. , . . 
Mullins. . . 
Oxford .... 

Prek 

Rc-xach 

Shanahan . 

Stone 

Tcmestoclc 

Tsea 

Galiano . . . 


Acute rheumatism 

Symptom free 


(Month) 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

250 








143 




250 

250 









111 


333 











100 

333 











143 

333 

333 


333 






100 


100 

200 












250 











200 

1000 











167 

333 

500 





143 

250 





83 

125 









83 


333 






200 


143 



143 

167 






50 





SO 

500 










125 


250 

250 

250 









125 

333 




167 


200 





100 

250 





167 






125 

500 


500 




50 





50 

250 


100 


SO 







50 






200 






143 






167 



167 




500 


111 


250 




71 



SO 

500 





12S 

125 

111 





250 












333 












333 


500 

111 









1250 

1250 











143 



71 









250 

333 








333 


333 

500 

500 











167 





lit 







333 







83 


83 



125 





71 






33 

500 






167 



200 



250 

250 

250 






200 



167 

333 


333 









200 

. 250 












. 250 













Apparently quiescent 


13 

14 

IS 

16 

17 

18 

19 

B 

21 

22 

23 

24 

100 

100 

111 

250 

143 

71 

111 


i 

1 

! 

i 

i 

1 

100 

111 

i 

33 

i 

1 

1 

125 

! 

71 

111 

50 

125 

100 

33 

71 

125 

83 

25 

SO 

100 

SO 

143 

333 


ship between rheumatic fever and activity of the 
antibody-producing mechanism. 

The relationship helzuecn the height of the anti- 
streptolysin titer attained and the severity 
of the rheumatic attack 

The authors have studied a group of rheumatic 
subjects over a period of years to determine the 
effect of respiratory infections on their disease. 
The members of this group who developed acute 
rheumatism showed a coincident rise in antistrep- 
tolysin titer with each recrudescence. Further- 
more, those rheumatic subjects who appeared to 
escape activity of the rheumatic process following 
respiratory infection usually showed little or no 
change in titer level. Five year observations on 
two illustrative patients arc presented along with 
their antistreptolysin titer curves. Each of these 
patients, one child and one young adult, had sev- 
eral respiratory infcction.s with different types of 
hemolytic streptococcus in the course of the ob- 
servation period. 


CASE HISTORIES 

H. D., Number 69558. The patient, an American boy 
oi Italian parentage, has been under the authors’ care 
since 1928 when he was first seen at the age of seven with 
rheumatic heart disease. Between 1930 and 1935, he was 
kept under close clinical observation. Throat cu!turc.s 
were e.xamined each month and blood samples obtained at 
intervals for antistreptolysin determinations. Two throat 
infections occurred during the five year period. 

The first of these hemolytic streptococcus infection 
was contracted on February 17, 1934. The patient w.a.s 
admitted to Babies Hospital where he ran the course oi 
acute pharyngitis with a three day fever On 
the sedimentation rate of the blood, which had 
ing, showed a moderate rise. He was discharged on Uu 
tenth of the month, symptom-free, with, bo^«'' ’ ‘ _ 

elc\-atcd sedimentation rate. Three xyeeks a cr 
veloped a frank attack of polyarthritis, 
marked increase in the sedimentation rate. Thi^s • _ 
required hospitalization and prolonged convajescen « ^ 

The patient was again in f ”fr,o He 

contracted the next throat infection, . arc ^ j 
cartd for in tho v.-nrd, of l!ic Prr 5 l„«r»n Ho.p..^ 
Recovery from acute pharyngitis was rapi 
valcsccnce uneventful until April 2 y. .cn , enunt 

sedimentation rate of th.e blood and wnite blood 
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rose flislitly and electrocardiographic changes appeared 
— " T wa%-cs Iiave l)cco;nc dcfinifcly abnormal sviggcst- 
ing heart muscle damage, possibly active.” AH of these 
laboratorj- changes disappeared within a few days, and 
the p.aticnt was in good condition until .April 23 when he 
dcstlcped cpistaxis, th.cn polyarthritis, followed on May 1 
by a severe rh.cumatic attack with pericarditis. 

Hemolytic streptococcus was recovered from the pa- 
tient’s throat once in 1931 and 1932, but did not appc.ar to 
cause local infections or initiate rheumatic activity. On 
February 36. 193-5. hemolytic streptococcus appeared in 
prcdomin.ance during the period of pharyngitis and per- 
sisted until January 1935. On March 9, 1935, the organ- 


In summary-, it seemed that each of these strep- 
tococcus infections was followed by a moderate 
rise in antistreptolysin titer which then remained 
constant for two weeks before making a second 
rise to a higher level. During each period of the 
lower plateaus, there was laboratory’ evidence sug- 
gesting mild rheumatic activity. With the devel- 
opment of both of the secondary’ titer rises there 
was an explosive outburst of rheumatic mani- 
festations. These changes are shown graphically 
in Figure 2. 



Fic. 2, Chaxges in Antistreftolvsin Level in Patent H. D., Following Hemolytic Streptococcus 

Infections from 1931 to 1935 


isms reappeared in predominance coincident with the onset 
of throat symptoms. Sugar fermentation reactions of 
these two strains of hemolytic streptococcus showed them 
both to be Sireplocoectis pyogenes, according to Holman's 
classification. Studies of the antistreptolysin level were 
begun in 1930 when the patient was in good health with a 
titer of 83 units. The titer rose during a period of vague 
sjTnptoms in the spring of 1932 to 111 units, was 50 units 
on January 2, 1933, when the patient appeared in excellent 
health. Two weeks after pharyngitis it rose to 144 
units, and remained constant for two weeks. Then oc- 
curred a rise to 333 units coincident with the onset of 
ucute rhematism. The level had fallen to 111 umts when 
the 1935 throat infection occurred. Following this in- 
fertion there was a rise to 167 units and then a fall to 143 
units at the time that the patient appeared to have escaped 
recrudescence. However, ten days later the titer rose 
precipitously to 333 units coincident with the onset of 
severe pericarditis. 


M. O., Number 82233. The second patient, an Irish 
maid of eighteen, came under the authors’ observation in 
May 1929 when she -was admitted to the Presbyterian 
Hospital with acute rheumatic fever and mitral stenosis. 
.At that time her throat flora contained hemolytic strepto- 
coccus. Between 1929 and 1935 she reported monthly for 
examination and throat cultures. Samples of blood for 
antistreptolysin determination were obtained at appropri- 
ate intervals. During five years of observation she con- 
tracted four distinct throat infections. 

On February 21, 1931, she contracted acute pharyngitis 
with fever for three days. Muscle pains, mild pyuexia 
and tachycardia appeared on March 7, 1931. The elec- 
trocardiographic tracing shov.-ed extensive migration of 
the pacemaker. All symptoms and cardiac changes dis- 
appeared in one week. On January 13, 1932, she again 
contracted acute pharyngitis with a three day' fever. 
During the latter part of February vague manifestations 
were noted. Suddenly, on March 7, 1932, she became 
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Name 


Faiman 

Neal 

Pagano 

Paul 

Riccardi 

Romorofsky. . . . 

Scibelii 

Sullivan, M. . . . 

Sullivan, H 

Anderson 

Acconcro, P. . . . 

Braun 

Clifford 

Clowrj; 

dcMario 

DeBiapi 

Fceley 

FranWin 

Giralt 

Hall 

Herman 

Hickey 

Howe 

Korson 

Kouba 

Lally 

Lun 

McDonald 

Mackay 

Maurer 

Mazorra 

Mazzia 

Mullins 

Oxford 

Prek 

Rcxach 

Shanahan 

Stone 

Temcstoclc . . . . 

Tsea 

Galiano 


TABLE III 


Anlislreptolysin titers of patients recovering from acute rheumatism {units per cc.) 


Acute rheumatism 

Symptom free 


(Month) 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

i 

i 

250 








143 




■ 

■ 

250 

250 









111 




333 










100 



333 











143 


100 

333 

333 


333 






100 


100 


200 













250 











200 



1000 











167 



333 

500 





143 

250 







S3 

125 









83 




333 






200 


143 


143 



167 






50 





SO 



500 










125 



250 

250 

250 









125 



333 




167 


200 





100 



250 





167 






125 



500 


500 




50 





SO 



250 


100 


50 







50 








200 






143 








167 



167 






500 


111 


250 




71 



SO 



500 





125 

125 

111 






250 














333 














333 


500 

111 











1250 

1250 













143 



71 











250 

333 








333 


333 



500 

500 












167 





111 









333 







83 


83 





125 





71 






33 



500 






167 



200 




250 

250 

250 






200 



167 



333 


333 









200 



250 












in 

250 












100 



Apparently quiescent 


1 

m 

17 

18 

19 

20 

21 

22 

250 

143 

71 

111 




100 

111 

33 


125 


23 


24 


71 

111 


SO 

125 


100 

33 

71 

125 

83 

25 

SO 

100 

SO 

143 

333 


ship between rheumatic fever and activity of the 
antibody-producing mechanism. 

The relationship between the height of the anti- 
streptolysin titer attained and the severity 
of the rheumatic attack 

The authors have studied a group of rheumatic 
subjects over a period of years to determine the 
effect of respiratory infections on their disease. 
The members of this group who developed acute 
rheumatism showed a coincident rise in antistrep- 
tolysin titer with each recrudescence. Further- 
more, those rheumatic subjects who appeared to 
escape activity of the rheumatic process following 
respiratory infection usually showed little or no 
change in titer level. Five year observations on 
two illustrative patients are presented along with 
their antistreptolysin titer curves. Each of these 
patients, one child and one young adult, had sev- 
eral respiratory infections with different types of 
hemoivtic streptococcus in the course of the ob- 
servation period. 


CASE HISTORIES 

H, D., Number 69558. The patient, an American boy 
of Italian parentage, has been under the authors care 
since 1928 when he was first seen at the age of seven with 
rheumatic heart disease. Between 1930 and 1935, he ^\as 
kept under close clinical observation. Throat cultures 
were examined each month and blood samples obtained at 
intervals for antistreptolysin determinations. Two throat 
infections occurred during the five year period. 

The first of these hemolytic streptococcus infections 
was contracted on February 17, 1934. The patient was 
admitted to Babies Hospital where he ran the course of 
acute pharyngitis with a three day fever. On March I, 
the sedimentation rate of the blood, which had been a 
ing, showed a moderate rise. He was discharged on the 
tenth of the month, symptom-free, with, however, an 
elevated sedimentation rate. Three weeks later ic c 
veloped a frank attack of polyarthritis, accompamc > 
marked increase in the sedimentation rate. This attac ' 
required hospitalization and prolonged convalescent care. 

The patient was again in excellent 
contracted the next throat infection, March 9, lAa. 
was cared for in the wards of the Prcsbylerian ^ ‘ 
Recovery from acute pharyngitis was rapi an 
valesccncc uneventful until -April 2 when the pa " 
sedimentation rate of the blood and white cr 
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rose sliclitly nnd cIccIrocardiOKrnphic cliansjcs appeared 
— " T w-aves have become definitely abnormal sugRcst- 
ing heart muscle damage, possibly active." All of these 
laboratorj- change.s disappeared within a few days, and 
the patient was in goosl condition until .'\pril 23 when he 
developed cpistajtis, then polyarthritis, followed on May 1 
by a severe rheumatic attack with pericarditis. 

Hemolytic streptococcus was recovered from the pa- 
tient's throat once in 1931 and 1932, but did not appear to 
cause local infections or initiate rheumatic activity. On 
Fcbru.ary 10. 193-4, hemolytic streptococcus appeared in 
predominance during the period of phaomgitis and per- 
sisted until January 1935. On March 9, 1935, the organ- 


In summarj', it seemed that each of these strep- 
tococcus infections was followed by a moderate 
rise in antistreptolysin titer which then remained 
constant for two weeks before making a second 
rise to a higher level. During each period of the 
lower plateaus, there was laboratorj' evidence sug- 
gesting mild rheumatic activity. With the devel- 
opment of both of the secondar)* titer rises there 
was an explosive outburst of rheumatic mani- 
festations. These changes are shown graphically 
in Figure 2. 



Frc. 2. Chances in Antistreptolysin Level in Patient H. D., Folloutnc Heuolytic Streptococcus 

Infections from 1931 to 1935 


isms reappeared in predominance coincident with the onset 
of throat sj-mptoms. Sugar fermentation reactions of 
these two strains of hemolytic streptococcus showed them 
both to be Streptococcus pyogenes, according to Holman’s 
classification. Studies of the antistreptolysin level -were 
begun in 1930 when the patient was in good health with a 
titer of 83 units. The titer rose during a period of vague 
sj-mptoms in the spring of 1932 to 111 units, was 50 units 
on January 2, 1933, -when the patient appeared in excellent 
health. Two weeks after pharyngitis it rose to 144 
units, and remained constant for two weeks. Then oc- 
curred a rise to 333 units coinadent wdth the onset of 
acute rhematism. The level had fallen to 111 units when 
ftc 1935 throat infection occurred. Following this in- 
fertion there was a rise to 167 units and then a fall to 143 
units at the time that the patient appeared to have escaped 
recrudescence. However, ten days later the titer rose 
precipitously to 333 units coincident with the onset of 
sei-ere pericarditis. 


M. O., Number 82235. The second patient, an Irish 
maid of eighteen, came under the authors’ observation in 
May 1929 -when she -was admitted to the Presbyterian 
Hospital with acute rheumatic fever and mitral stenosis, 
.■^t that time her throat flora contained hemolytic strepto- 
coccus. Betiveen 1929 and 1935 she reported monthly for 
examination and throat culttu'es. Samples of blood for 
antistreptolysin determination -were obtained at appropri- 
ate intervals. During five years of observation she con- 
tracted iover distinct throat infections. 

On February 21, 1931, she contracted acute pharyngitis 
with fever for three days. Muscle iiains, mild pyrexia 
and tachycardia appeared on March 7, 1931. The elec- 
trocardiographic tracing showed extenswe migration of 
the pacemaker. All symptoms and cardiac changes dis- 
appeared in one week. On January 13, 1932, she again 
contracted acute pharyngitis with a three day fever. 
During the latter part of February -vague manifestations 
were noted. Suddenly, on March 7, 1932, she bee* 
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acutely ill with severe polyarthritis, pyrexia, dyspnea and 
tachycardia. The electrocardiographic tracing again 
showed nodal rhythm with shifting pacemaker, and there 
was a return to normal in one week. Symptomatic re- 
covery from this attack occurred in three weeks. On 
January 30, 1933, she again contracted acute pharyngitis. 
This infection was severe and was followed by extensive 
cervical adenitis. While at rest in bed in the Presby- 
terian Hospital on February 17, 1933, she developed 
muscle pains, epistaxis, mild pyrexia, leukocytosis and 
increased sedimentation rate of the blood without elec- 
trocardiographic changes. All evidences of rheumatic 
activity disappeared in five days. On December 29, 1934, 
she again contracted acute pharyngitis with a three day 
fever. This infection was followed by three months of 
excellent health without symptoms, signs or any labora- 
tory evidence suggesting rheumatic activity. Another in- 
fection in April, 1935, was followed by a mild rheumatic 
attack. 

The throat cultures from this patient showed the ar- 
rival of hemolytic streptococcus on February 21, 1931; 
on January 13, 1932; on January 30, 1933, and on De- 
cember 29, 1934. This organism was predominant or 
present in large quantities in both tonsillar fossae during 


was moderately elevated to 125 units. After the patient 
had been in good health for eight months the titer fell to 
the natural level of 50 units. There was no change in 
titer during the 1932 pharyngitis; however, with the on- 
set of acute rheumatism on March 10, 1932, the level rose 
to 333 units. This was followed by a gradual decline in 
antistreptolysin level. During the severe throat infection 
in 1933 the titer reached a value subnormal for this pa- 
tient, then one week later returned to natural level, and 
with the onset of mild rheumatic symptoms rose to 111 
units and then to 166 units. The patient maintained a 
constant level of 71 units tlirough 1934. Following 
pharyngitis in December, 1934, the titer remained practi- 
cally stationary, and the patient symptom-free. How- 
ever, another throat infection in April, 1935, was followed 
by a rise in titer to 143 units, coincident with the develop- 
ment of rheumatic symptoms. 

In summary, there was a close correlation between the 
degree of rheumatic activity and the height to which the 
antistreptolysin titer rose. In the absence of appreciable 
change in titer, this rheumatic subject infected with 
hemolytic streptococcus escaped all clinical and labora- 
tory signs of recrudescence. The changes in antistrepto- 
lysin level are presented in Figure 3. 
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Fig. 3. Changes in Antistreptolysin Level in Patient M. O.. Following Hemolytic Streptococcus Infec 

TIONS FROM 1931 to 1935 


each of these infections and disappeared entirely from the 
pharyngeal mucosa in one to six weeks with all but the 
last infection. Studies of the cultural and biological 
characteristics of these organisms indicated that these in- 
fections were caused by difrerent types of beta hemolytic 
streptococcus. 

The antistreptolysin studies were begun during the 
mild rheumatic attack in 1931. At this time the level 


The observations on the two patients just dis 
cussed suggest a relationship between the heig^ t 
of antistreptolysin level attained and the inten.n) 
of the rheumatic attack. In order to iiivc-tife>- c 
this possibility in a large number of subjects v/it t 
acute rheumatism, the authors have m.yJe sc.l- 
determinations on 72 consecutive admisstons 
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the hospital. All of these individuals had frank character of the rheumatic attack. The indi\-idual 
rheumatic fever, those with chorea being e.xcluded. antistreptolysin readings for the entire group are 
The subjects have been classified according to the presented in Table IV. 


Sm'al ar.ltslreplolysin deUnmnaiions (units per cc.) on 72 consecutive admissions with rheumatic fever 



Week of rheumatic attack 


Class Patient 


Acosta 

Baldlci 

Dcas 

^fcGinIe>' 

Bent 

Hicke>* 

Kondrup 

Masiello 

Waldheim 

Wise 


Aquinto 
Cahill 
Callahan 
Carmody 
Gatto 
Hallctt 
Hanzar 
HoTvard 
n Jones 

^kioakis 

Kuchinskj* 

Lord 

Mulchione 

Neal 

Noonan 

Santiago 

Zwirleia 


Allaine 

Brown 

D^nej* 

Digerlando 

EUingson 

Faitnan 

Harris 

Howe. K. 

Israels 

Kovner 

Murphy 

Nurse 

Spanos 


Crimaldi 

Fenty 

Heinelt, M. 

Howe, W. 

Hubner 

Lowe 

MJntz 

Wllchj'nskj' 


Alnerado 

Campbell 

Clark 

Currlin 

Krom 

Morris 

Tanis 


Comito 

D’Amico 

Daugherty 

Demasi 

Earls 

Eiahom 

Doorley 

Goadby 

Heinelt, A. 

McGirr 

Ojia 

Ohrbach 
Roos 
Starrett 
, Temestocle 
W’alsh, C. 
W^alsh. G. 



2 3 


1667 


1667 2500 
1000 

1250 

1250 
500 333 



15 

16 

I 

! 

1667 

833 

1667 , 

D 

625 

■ 

333 


250 250 


500 500 

500 500 


333 333 
1667 

333 
833 714 
714 

2500 
333 625 
333 625 
500 


250 250 333 

1667 


833 833 

500 333 


1667 
250 333 


333 

1250 

2500 1667 

250 

833 1000 833 


250 250 

333 

500 833 

500 500 


333 
200 250 


200 

200 200 


250 
833 625 


250 333 

500 


250 

1000 1000 
333 500 

333 



1250 833 

333 333 

2500 2500 2500 

500 625 333 

500 

500 714 

625 


500 

333 333 

833 714 714 

1667 1250 
833 833 625 

1000 1000 


250 

333 250 

333 


200 

125 

250 333 250 

333 


500 333 

333 250 250 

833 1000 1000 
1250 1250 833 

500 500 

500 1000 1000 

833 500 333 333 333 

167 250 250 200 200 


250 250 

250 


250 250 

250 200 200 167 

833 

200 200 

333 333 333 333 

556 333 

143 

333 

1000 1000 1000 833 


333 250 333 333 

333 250 250 

500 

333 500 

250 333 333 200 200 

333 























































































776 


ALVIN F. COBURN AND RUTH H. PAULI 


The classes in Table IV have been defined as 

follows : 

Class I — Fulminating polycyclic attack with in- 

tense pancarditis. 

Class II — Continuous, severe carditis, insidious 
in onset. 

Class III — Severe monocyclic polyarthritis with 
mild carditis. 

Class IV — Severe polycyclic polyarthritis with 
mild carditis. 

Class V — Mild, vague rheumatic attacks of 
short duration. 

Class VI — Mixed types. 


Class I. Most of the patients who survived for 
three weeks or more developed extremely high 
antistreptolysin titers. Two died during the first 
week of the attack probably before the titer levels 
had reached maximum values, A similar observa- 
tion was made during The Pelham Home epi- 
demic ( 1 ) , Illustrative titer curves are presented 
in Figure 4. 

Class II. Most of these individuals came un- 
der observation late in the rheumatic attack and, 
although symptom- free, developed rapidly pro- 
gressive carditis while at rest in bed. All of these 
children developed extremely high antistreptolysin 
levels, as shown in sample curves, Figure 4. 


VECKS AFTER ONSET OF RHEUMATIC ATTACK 


0 3 6 <7 12 15 0 3 6 <? 12 15 IS 



Fig. 4. Antistreptolysin' Titer Curi'es of Four Clinical Types of 
Patients with Rheumatic Fei'er 
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Class III. These patients had severe hut brief 
rheumatic attacks without serious carditis. The 
disease process seemed to subside rapidly and 
spontaneously. The attacks were limited to a 
single cycle of approximately two weeks duration. 
None of the titers exceeded SOO units at any time 
and all tended to fall shortly after the disappear- 
ance of symptoms. Illustrative cuiY'es are shown 
in Figure 4. 

Class IV. In contrast, these patients who at 
first were clinically similar to those in Class III, 
developed repeated cycles of polyarthritis. These 
e.xacerbations were accompanied by marked in- 
creases in titer levels, bringing them into the titer 
range of Qasses I and II. See Figure 4. 

Class V. These patients had vague manifes- 
tations with laborator}- findings indicating mild 
rheumatic activity. Recover}’ was prompt and in 
most instances the titer levels were only slightly 
elevated. 

Class VI. These individuals presented a mixed 
clinical picture. It has been considered advisable 
to exclude them from the well defined groups. 

In summar}’, it appears that extremely high 


antistreptolysin levels (over 500 units) are asso- 
ciated with intense or prolonged rheumatic ac- 
tivity. The lower levels seem to be associated 
with acute rheumatism that is either short in dura- 
tion or mild in character. These obserr-ations are 
believed to indicate that the intensity of the rheu- 
matic attack is assodated udth the degree of ac- 
tivity of the subject’s antibody production to 
hemol}’tic streptococcus. 

The relationship between the rise in antistreptoly- 
sin titer and the onset of rheumatic activity 

Another relationship suggested in the titer 
curves in Figures 2 and 3 is the coinddence of 
a sharp rise in titer with the onset of the rheu- 
matic attack. This observation was found to be 
true in The Pelham Home epidemic (1). In 
order to study this time relationship in a sig- 
nificant number of cases, the authors made deter- 
minations on 30 patients during hemoI}'tic strep- 
tococcus pharyngitis, the quiescent interval and 
the attack of acute rheunmtism. The determina- 
tions for the entire group are presented in Table 
V. 


TABLE V 


The development of antistreptolysin titer (units per u.) hetveen hemolytic streptococcus infection and the rheumatic attack 


Patient 

Before 

in- 

Dunns 

in- 

Quiescent interval 
(weeks) 

Acute ffaennafiyrn 
(months) 

Character 

of 


fection 

fection 

1 

2 

3 

4 

s 

6 



2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

22 

attact 

Aceto 

200 








500 

2000 




500 




SOO 




Aita 









125 

125 

125 



71 







Alfisi. A 


25 


so 

R 




200 

167 

167 




■ 




23 

125 

ifnd 

iind 

Aifisi. a 

125 


•JfYIR 




250 

333 





■ 




Bent 









1667 

2500 

1667 









'-^ernev. . 

SO 

71 

125 





I 




1250 











•U Ainicn. 

D;Ainico (2d atkj . . 
DiEcrlandn . 

50 

111 

S3 

100 

167 

143 

167 

167 

167 

1 

143 

143 

143] 

143! 

1 


333 

333 

250 

500 

250 

250 

333 





125 





Moderate 

Moderate 

ilHd 

■tirla ... 



R 




500 











■tinhorn . 

63 



125 

P 




500 

556 

333 











Frizzell 



167 

167 



R 

250 

250 





250 

125 






J^iUigan 

33 


33 

nil 




200 

500 







71 


71 


Hanke.- 







200 









Hickev. 









500 

1000 

1000 

833 

625 









tcinone 

143 








250 

500 

500 

SOO 



200 

333 





Moderate 

•Nlaurer 









500 

2500 


333 






Alurohv. . 









333 









MUd 

.... 





> 





500 

inoo 











Xral (2d att) 


250 







2000 

S33 











Jfoderate 

O'Hare. 








333 

250 








25 



0 Hare. 





I 





243 










Mild' 

Severe 

^gano. . . . 

100 









200 

2500 

1667 



1250 


1250 



200 


Prek... 









243 

333 

250 

250 

167 

143 





Riccarrii 

Rifkia. 

100 

100 

143 J 







250 

333 

250 

250 

250 

167 

250 

143 

250 



in 

50 

250 


Moderate 

Moderate 

Moderate 

Moderate 

grosser 



711 

> 






200 








. . 









250 

250 

250 







167 

56 


if^rvetman . . 

33 


1251 

167 

? 






250 









iwcotino. . . 







500 


SOO 


250 


200 




143 



}}.«ber 









200 

230 

250 





143 


Severe 

Mild 

W>'nne . 




33 

-33 

1231 

1 



250 

250 



in 




100 



















* R indicates time of onset of rheumatic sj-mptoms. 
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It is seen in Table V that the onset of each 
rheumatic attack occurred at the time that the 
antistreptolysin titer was rising. The development 
of the rheumatic attack coincident with the im- 
mune response to hemolytic streptococcus has 
been a consistent finding during these studies. 

The maintenance of low antistreptolysin level in 
rheumatic subjects who escaped recrudescence 
following hemolytic streptococcus 
pharyngitis 

The authors have pointed out (5) that when 
rheumatic subjects are infected with hemolytic 
streptococcus, some develop frank recrudescences ; 
others get mild rheumatic symptoms and the rest 
appear to escape rheumatic activity entirely. The 
present section concerns itself with the last of 
these groups of patients. Their titer changes are 
presented in Table VI. 


lar observations are to be found in Figure 2, in 
an earlier paper of this series (2), and were also 
made in the epidemic at The Pelham Home (1). 
Representative titer curves of patients who devel- 
oped attacks and of those who did not are shown 
in Figure 5, 

All of the titers discussed in this study have 
been classified in Table VII with reference to 
their frequency distribution. The logarithms of 
the units have been used as a basis for classifica- 
tion, (o) to correct for the skewness of the dis- 
tribution of titer units on an arithmetic scale, and 
(b) thus permit the calculation® of means and 
probable errors, and the determination by statisti- 
cal methods of the significance of differences be- 
tween groups. As already mentioned, the titers 
of the first five groups are taken from single de- 
terminations and those in the last seven groups 
represent the maximum of a series of determina- 
tions. 


TABLE VI 

Antistreptolysin titers {units per cc.) in individuals with streptococcus pharyngitis not followed by rheumatic attacks 


Name 


Pharyngitis 





1 

2 

3 

B 

D 

B 



50 

50 


SO 





143 

125 

167 

167 

167 

200 

167 

167 


71 

143 

167 

167 


71 

50 

50 

50 



SO 


71 


71 

100 




333 

200 


200 




250 

250 

250 

250 


250 



167 

250 

250 

250 

250 

250 

250 



333 

333 


333 



83 

71 

71 

71 







63 



63 





143 

143 

143 

143 

143 

143 



125 

143 



143 



111 


125 

100 


111 

111 

111 

111 




12* 

71 

167 

125 






83 

83 


100 

143 





111 




125 

111 



71 

71 

71 



71 




SO 

71 

50 

71 

SO 

71 

71 





125 

125 




143 


71 

71 

71 

83 

111 







SO 

50 





Q,\rtKt 


250 



200 



143 



33 

33 

33 

33 

33 




167 

167 

167 



143 













After pharyngitis 


Weeks 


333 


143 

143 


250 


111 


125 


143 


10 


250 


143 


11 


333 

71 


83 

143 

125 


* This infection was severe and probably accounts for the depressed titer level. 


12 


125 


13 

143 

333 


14 


250 


15 


16 


17 


IS 


71 

125 

100 

SO 


Months 


333 


143 

125 

125 


12 


SO 


50 


71 


It is seen from Table VI that in individuals 
contracting pharyngitis with hemolytic strepto- 
coccus not followed by rheumatic recrudescence, 
the antistreptolysin titer either fell, remained sta- 
tionar)' or rose slightly. These titer levels are 
in distinct contrast to those of patients who de- 
veloped frank attacks of acute rheumatism. Simi- 


« The statistical methods used in this paper were taken 
from Garrett, H. E., Statistics in Psychology and Educa- 
tion. New York, Longmans, Green and Company, lA • 
The calculation of those probable errors which depem 
upon relatively few cases (13 or less) was made j t 
formulae of R. A. Fisher, as given b> Dunn, 
Physiol. Reriews, 1929, 9, 275. 
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Fig. 5. Amtistkeptolysih Titer Cur^*es of Rheumatic Subjects Dueixg axi) After Hemolytic 

Streptococcus Pharyxgitis 

A. Developed rheumatic attacks. 

B. Escaped rheumatic attacks. 


As is seen in Table VII the geometric means 
(calculated from the average log «) differ only 
slightly from the medians. This indicates that 
the logs of the titers have an approximately nor- 
mal distribution. In view of the probable errors 
of the average log ids, the following conclusions 
can be drawn; (a) There is no significant differ- 
ence between Group 1 and 2; (6) Groups 3, 4, 
and 5 are significantly higher than both 1 and 2; 
(c) There is an apparent difference between 
Groups 4 and 5 ; however, because of the small 
number of cases in Group 4, it is unwise to draw 
conclusions ; (d) Groups 6 and 3 are almost iden- 
tical; (c) Group 7 is significantly lower than 6 
and 8; (f) The average mean log « of Groups 7 
and 8 does not differ significantly from the mean 
log 1 C of Group 6; (ff) There is no significant 
difference betiveen Groups 8, 9 and 10; (/i) The 
differences between these three groups and Group 
5, which are significant, may be attributed to the 
method of collecting material ; (i) Groups 1 1 and 
12 are significantly lower than Groups 8, 9 and 10. 

From the data obtained in 1934 and 1935, the 
range of titers to be expected with rheumatic 
fever in terms of log units is 2.69 ± 0.31 (S.D.). 
This will include % of such cases, and the range 
of 2.69 zfc (3 X 0.31) will include practically all 
patients with acute rheumatism. Expressed in 
units this range corresponds to titers of 240 to 


1260 units for % of the cases with the largest 
number falling at about 490 units.'^ 

The patients who escaped recrudescence follow- 
ing pharyngitis wnth hemohtic streptococcus 
(Group 7) showed distinctly less antistreptolysin 
response to infection than either, non-rheumatic 
subjects following comparable infection or pa- 
tients w’ith acute rheumatism. This cannot be 
attributed in all cases to the nature of the infecting 
agent (2) but in some instances seems to be as- 
sociated with a diminished immune response of the 
host. 

DISCUSSION 

Sufficient data are not yet available to determine 
whether the antibody response of the rheumatic 
subject differs from that of the non-rheumatic 
subject. This discussion will therefore be con- 
fined to rheumatic subjects. The data presented 
for this group show wide variations in the anti- 
body response to hemolytic streptococcus infec- 
tion. These variations seem significant in deter- 
mining the development of rheumatic activity. 
In general, the greater the antibody response, the 
more severe the accompanying rheumatic attack; 
and conversely, in the absence of antibody re- 
sponse the rheumatic attack fails to develop. The 

” The authors are indebted to Dr. A. A. Weech for ad- 
vice in applying statistical methods to these data. 




TABLE vn — The dislribulion of anlislreptolysin liters in various groups of subjects 
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Standard 

deviation 

.30 



.29 

.23 

! 

Prob- 

able 

error 

.015 

o. 

tn 

o 

1 

.031 
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1.81 
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wo 



2.0 

o2 

00 
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00 
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in 
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1 
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Titer classes in terms of units 

Good health 

Ward paticnt.s with other diseases 

After hemolytic streptococcus pharyngitis, ] 
non-rheumatic subjects 

After scarlatina, non-rheumatic subjects 

1 Acute rhcumiitic fever, 1933 

Num- 
ber of 
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2 

o 

c** 

1^ 

& 

P 

o 

w 

O 

- 




in 

nopaas 
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titer level attained by any individual patient seems 
to be the result of at least three factors : the char- 
acter of the infecting strain, the intensity of the 
patient’s response to that particular infection, and 
the capacity for antibody production character- 
istic of the individual. The close time relationship 
between the antistreptolysin rise and the onset 
of rheumatic activity, together with the close cor- 
respondence between the absence of such rise in 
titer and the quiescence of the rheumatic process, 
has led to the belief that the association is not ac- 
cidental. However, the mechanism responsible 
for the simultaneous occurrence of these immuno- 
logical and clinical changes remains to be deter- 
mined. One of a number of possible explanations 
is dealt with in the following paper (8). 


SUMMARY 


The median of the antistreptolysin determina- 
tions on 176 individuals in good health was 71 
units. This is somewhat higher than the natural 
human level of 50 units. 

The median titer developed in acute rheumatism 
was 500 units, and the geometric mean 490 units. 
In most instances the titer returned to approx- 
imately natural level within a period of one year. 

The onset of acute rheumatism coincided with 
a sharp rise in antistreptolysin titer. 

Rheumatic patients infected ivith hemolytic 
streptococcus who escaped recrudescence, showed 
little or no change in antistreptolysin titer. 

The relation of the immune response of the 
host to the development of rheumatic activity is 
discussed. 
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TABLE ir 


The reactions of a group of 20 rheumatic subjects to splenectomy 




I 

1 Preoperative findings 

Postoperative findings 

Group 

Name 

1 I 





Anti- 



I Recent hemolytic : 
; streptococcus infection | 

Clinical 
state 1 

Throat 

flora 

W.B.C. 

W.B.C. 

strepto- 

lysin 

Symptoms 



i 

1 




titer * 



t 

1 


1 



units 
i>er ce. 

' 


J.H. 

None recognized 

Apparently quiescent 

Normal ; 


10,050 

100 

None 


C.T. 

None recognized 

Apparently quiescent ' 

Normal 


9,600 

250 

None 


V.O. 

None recognized 

Apparently quiescent 

Normal 

6,400 

12,150 

50 

None 


T.M. 

None recognized 

Apparently quiescent 

Normal 

7,700 

10,000 

100 

None 

A. 

D.M. 

None recognized 

Apparently quiescent ^ 

Normal ! 

8. ISO 

6.850 

33 

None 

N.F. 

None recognized 

Apparently quiescent ’ 

Normal | 

V 7,500 

9,000 

200 

None 


M.G. 

None recognized 

Apparently quiescent 

Normal 

8,100 

8,100 

250 

None 


D.H. 

None recognized 

Apparently quiescent 

Normal 

7,300 

9,250 

100 

None 


E.B. 

None recognized 

Apparently quiescent 

Normal 

7,000 

8.200 

50 

None 


D.D. 

None recognized 

Apparently quiescent 

Normal 

6,500 

16,850 

SO i 

None 


1 D.G. 

None recognized 

Apparently quiescent 

Normal 

9,400 

14,000 

50 ! 

None 


E.C. 

Pharyngitis 4 months 

Persistent mild carditis 

Normal 

6,800 

13,300 

143 

Ekg. T waves became inverted post- 



previously 




operative 


M.K. 

Pharyngitis 2 months 

Apparently quiescent 

Normal 

5,500 

7,250 

167 

Ekg. minor changes in T waves post- 

B. 

S.G, 

previously 





! operative 

Pharyngitis I month 

Apparently quiescent 

Norma! 

8,850 

! 11,950 

! 167 

j Mild pyrexia temperature 100 to 102 . 


G.H. 

previously 

Normal 




1 Inversion of T waves postoperative 


Pharyngitis 6 months 
previously 

Apparently quiescent 

10,750 

^ 18,450 

! 167 


D.K. i 

Pharyngitis 6 months 

Persistent mildly ac- 

Normal 

6,000 

31,000 

500 

Severe pancarditis, beginning 24 hours 

1 

1 

previously 

tive disease 



after operation, lasting 19 days, almost 
fatal. , , , 1 

Mild rheumatic attack with polyarthri- 


G.M. j 

None recognized 

Apparently quiescent 

* Normal 

10,450 

20,000 

167 







tis beginning 48 hours postoperative.^ 

C. ' 

H.D. 

Pharyngitis 10 weeks 

Mild activity subsid- 

Normal 

5,900 

26,250 

111 

Joint pains 6 days postoperative. I'oi- 



previously 

ing 





lowed by gross hematuria. 


V.B. 

Pharyngitis 6 months 

Apparently quiescent 

Normal 

7,250 

18,450 

143 

Severe epistaxis and fever 4 divys post- 



previously 





operative. 


D.A. 

Pharyngitis S months 1 

Apparently quiescent 

Normal 

13,350 

16,050 

167 

Epistaxis 2nd and 4th days postopera- 



previously 





tive. 


* These titers were the same as the preoperative titers. 


manifestations was accompanied by leukocytosis 
and included pancarditis, polyarthritis, epistaxis, 
hematuria and pyrexia, symptomatically relieved 
by salicylates. In some, the recrudescences oc- 
curred shortly after splenectomy ; in others, there 
was a brief symptom-free period. One illustra- 
tive record is presented in Table III and Figure 1. 
None of these recrudescences were accompanied 
by a rise in antistreptolysin titer. 

CASE HISTORIES 

D. K., Number 234004. The patient, a girl of seven, 
was known to have been rheumatic since the age of four. 
In February, 1932, she contracted pharyngitis which was 
followed fay a prolonged rheumatic attack. The physical 
examination in October showed a well nourished gir >0 
apparently good health. There was slight cniargemen 
of the left side of the heart and a systolic murmur a 
tlie apex transmitted to the axilla. The leukocyte 
was 6,030 with 55 per cent polymorphonucicars. - 
blood sedimentation rate, which was not reported an 
after operation, was 85 mm, in one hour. 
was performed under ether anesthesia on cto -r 
The operation took thirty minutes. There were a 
adhesions around the upper pole of the spleen. 


rheumatism during the spring months were op- 
erated on in the late summer or fall. At that 
time the clinical findings and blood studies indi- 
cated that the disease process was either quiescent 
or subsiding. The antistreptolysin titers were all 
above 100 units. The findings are presented in 
Table II, Group C. 

These five individuals experienced a rheumatic 
recrudescence after splenectomy. The onset of 



Fig. 1. Daily Maximum Temperature axd Pulse 
OF Patiekt D. K., Durixg Rheumatic Recrudesce-vce 
Following Splenectomy. 
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TABLE in 


Clinical and laboratory findings in Patient D. K. during rheumatic recrudescence fioUenving splenectomy 


Date 

Blood 

Throat 

Bora 

1 

i 1 

1 Clinical observations 

Remarks 

W.B.C. 

Sedi- 

menta- 

tion 

rate 

Anti- 

strepto- 

lysin 

liter 

Precipi- 

tin 

reaction* 

1952 


nm. 

units 








t^cr cc. 





October 1 1 

6.000 

85 

500 

Negative 

Norma! 

Subsiding rheumatism — symptom free 

Splenectomy October II, 1933 







Condition apparently good 

£kg. normal October 11, 1933 

October 13 

31,800 





Pulse 180. Heart tremendously over- 

Operation followed within 24 hours 







active 

b>' a fulminating, almost fatal at- 

October 14 

3I.S00 





Temperature 102®, pulse 180 

tack of carditis- Precordial pain 

October IS 






Apprehensive, dyspneic, orthopnsic 

partially relieved by morphine and 

October 17 

16,100 





Marked pallor and intense cyanosis. 

ice bag 







cardiac pain 


October 18 

16.100 





Hyperesthesia over prccordium 


October 19 

22,750 

120 




S>'mptom3 of cardiac insufidency per- 








ststtog with temperature lOO® to 








102®, pulse 110 to 160, marked ano- 








rexia and restlessness 


October 20 

17,750 






Ekg - — T waves inverted in aH leads 

October 21 

20,950 






since October 11, 1932 

October 24 

20.900 






Aspirm 3 grams o..d- 

October 25 

40,450 


333 

Negative 


Beginning improvement characterized 


October 26 

17,400 

no 




by less pallor, stronger pulse 100- 

Ekg . — T waves inverted in all leads. 

October 27 

21,900 





140, temperature 99® to 101® 

Rate 130 

October 28 1 

22.150 





Still listless and tired with slightest 


October 29 j 

13.550 





exertion, apprehensive 


October 31 

17,700 

33 




Sudden subsidence of all cardiac 


November 1 

15.500 1 




Normal 

symptoms 


November 2 

9.900 


333 

Negative 


Marked improvement in appetite 


November 3 

13.300 , 





Is much brighter, eating wdl, regain- 

Ekg. — ^T waves inverted in all leads- 

November 4 

12,150 ; 





ing strength 

Rate 95 

November 5 






S>*mptom free. Color good 


Novetaber 6 






Temperature 99®, pulse 90 


November 7 

13.250 







Novetaber 8 

20,450 





Improving rapidly 


November 9 







Etg. — ^Ti and Tj nprigbt bat defi- 

November 10 

ISJOO 

38 




In chair, without symptoms 

oiiely abnormal in contour. Rate 90 

November 11 

14.450 





Good appetite, excellent color 


Noveaiber 12 

14.450 





Steady, rapid improvement 


November 13 

15,850 







November 14 








November IS 

15,900 







November 16 

17,100 





Temperature 98®, pulse 80 

Ekg.-^Ti upright bet of low ampli- 

November 17 

15,500 

14 





tnde 

November 18 





Normal 



November 19 







1 

November 20 






Fair condition — symptom free 

April 2 1- Discharged to Pelham 








1 Home 


•Antigen used was hemolytic streptococcus nucleoprotein — fraction C19K. 


cullies were encountered, and the patient returned to the 
ward in good condition. 

The first twelve hours after operation were not alarm- 
ing. The pulse rate rose to 140 and the temperature to 
101. The next day the picture was that of fulminating 
pancarditis. The patient complained of precordial pain, 
the pulse rose to 180; c>-anosis became intense. For 
seven daj’s her condition was critical. The temperature 
rose; drowsiness, dyspnea and orthopnea were extreme; 
the heart sounds became weak, pulse was almost imper- 
ceptible; cardiac signs suggested acute pericarditis; skin 
hyperesthesia developed over the precordial region. On 
October 18th she was digitalized, and on October 21st 
administration of aspirin was begun. On October 26th 
her condition changed abruptly. After being extremely 
ill with symptoms and signs of marked cardiac embar- 
rassment she suddenly became comfortable, Ci'anosis, 
pallor, nausea, cardiac pain, and drowsiness disappeared 
during a period, of twelve hours. The intensity of the 
attack abated rapidly. The heart, which had been slightly 
enlarged and then increased tremendously in size follow- 


ing splenectomy, remained grossly enlarged in the lateral 
diameters at all levels with greatest enlargement in the 
left auricular zone. The electrocardiogram, interpreted 
as normal on admission, showed inversion of T vmves in 
all three leads on October 20th and October 25th. On 
November 9th, Tj and T. had become upright but were 
of low amph'tude and abnormal contour. She was trans- 
ferred to The Pelham Home on November 21st where, 
because of her low myocardial reserve, it was found 
necessary to maintain bed rest for twelve months. 

The clinical course of this patient’s illness may 
be visualized in the accompanying temperature 
record. Figure 1. The laboratory findings are 
presented in Table III. From this record it is 
seen that although symptom-free, she had a high 
blood sedimentation rate and a high antistrep- 
tolysin titer at the time of operation. The rheu- 
matic process was probably active although the 













788 


ALVIN F. COBURN AND RUTH H, PAULI 


patient was symptom- free when the spleen was 
removed. The immediate development of fulmi- 
nating pancarditis was accompanied by a marked 
leukocytosis, rise in blood sedimentation rate, 
increased urinary excretion of erythrocytes and 
a slight drop in antistreptolysin titer. The at- 
tack lasted seventeen days and subsided abruptly, 
accompanied by a fall in blood sedimentation rate 
from 110 mm, to 33 mm. The electrocardio- 
graphic changes were in accord with the clinical 
findings of severe carditis. 

Examination of spleens 

Gross and microscopic examination and bacteri- 
ological cultures were made of the spleens immedi- 
ately after removal. The cultures all remained 
sterile. The gross appearance of the spleens was 
essentially normal, and no differences were de- 
tected between the spleens of individuals who de- 
veloped recrudescences and those who remained 
quiescent, 

SUMMARY 

Splenectomy did not permanently modify either 
the immune response or the character of the rheu- 
matic recrudescence. 

Nine out of twenty apparently quiescent rheu- 
matic subjects developed recrudescences as a direct 
sequel to splenectomy. 

All of these nine individuals had elevated anti- 
streptolysin titers at the time of operation, and 
none of them showed any increase in titer during 
or after the recrudescence. 

This shows that following operative manipula- 
tion of antibody-producing tissue during subsid- 
ing rheumatism, an exacerbation of symptoms 
may develop in the absence of further rise in 
antistreptolysin titer. 

DISCUSSION 

The authors have pointed out that the first phase 
of acute rheumatism is infection of the upper 
respiratory tract with hemolytic streptococcus. 
This organism usually disappears from the throat 
flora within a few days. Its subsequent history 
is unknown. There is evidence, however, that 
its disappearance from the pharyngeal mucosa 
does not mean that it has been eliminated from 
the body. Pure cultures of hemolytic streptococ- 


cus have been recovered by the authors from the 
tonsils of patients whose throat flora had been 
free of hemolytic streptococcus for a period of 
months. The agent recovered from the tonsils 
appeared identical with the organism which had 
been associated with the acute respiratory infec- 
tion some months prior to tonsillectomy. Fur- 
thermore, autopsy findings in an individual whose 
tonsils had been removed have also shown the 
presence of an active infectious agent weeks after 
its disappearance from the surface of the pharynx. 
In this patient, Hallahan (see (2) Plate 10, Figure 
4), although the throat flora had been free of 
hemolytic streptococcus for several weeks before 
death, microscopic sections of the pharyngeal tis- 
sue showed a severe inflammatory reaction with 
streptococci present in typical chain formation. 
Furthermore, smears from the tracheal lymph 
nodes contained many degenerate forms which ap- 
peared to be streptococci. From the bacterio- 
logical and the histological findings it seems likely 
that streptococcus can maintain activity in tissues 
surrounding the upper respiratory tract long after 
its disappearance from the buccal mucosa. 

The second phase of acute rheumatism is a 
symptom-free period about which nothing is 
known. This is followed by the third phase, the 
rheumatic attack which occurs coincidentally with 
the appearance of antibodies in the circulation. 
By the time the third phase begins, hemolytic 
streptococcus has usually disappeared from the 
pharyngeal mucosa. However, the persistence of 
high antistreptolysin titer values for months after 
the onset of a rheumatic attack is evidence for the 
long-continued presence of the corresponding anti- 
gen — presumably the infectious agent itself. 
During this period when the antistreptolysin titer 
is markedly elevated in the rheumatic subject 
there is usually clinical evidence of activity of the 
rheumatic process. The prolonged character of 
rheumatic disease and the parallel persistence of 
high antistreptolysin titers are in accord with the 
concept that the infectious agent is present. 

In contrast to the typical rheumatic attack which 
consists of three distinct phases, another type of 
attack has been observ^ed. This variety of recru- 
descence follows almost immediately after opera- 
tive procedures in the upper respiratory tract, sue i 
as tonsillectomy or extraction of teeth. It nia> 
be associated with invasion of the blood stre.-rn 
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since transient bacteremia following tonsillectomy 
has been observed (10). Prior to the splenec- 
tomies reported above, the authors had observed 
this tj-pe of rheumatic recrudescence only follow- 
ing trauma to the phaiymN or buccal cavit)’. It 
had not followed other operative procedures or 
trauma elsewhere in the body. Appendicectomy 
in ten rheumatic subjects under observation pro- 
duced no rheumatic s>Tnptoms although five of 
these individuals had active rheumatism at the time 
of operation. Eleven rheumatic subjects who 
had severe fractures remained free of rheumatic 
sjTnptoms.'* 

It was, therefore, not expected that recrudes- 
cences would develop following splenectomy. 
This operative procedure in non-rheumatic sub- 
jects is not followed by rheumatism. Since cul- 
tures of the spleens and the operative field were 
both sterile, blood stream invasion analogous to 
that following tonsillectomy need not be considered 
as a factor. The fact that not one of these post- 
splenectomy attacks was accompanied by a rise 
in antistreptolysin titer indicates that there was 
no activation of the immunity mechanism. In 
this respect these postoperative recrudescences dif- 
fer strikingly from the typical rheumatic attack. 
Furthermore, they followed almost immediately 
after removal of the spleen, without the usual 
symptom-free period. 

The mechanism of these rheumatic recrudes- 
cences following splenectomy must therefore be 
somewhat different from the normal or post- 
tonsillectomy tj'pes. It has been pointed out above 
that these nine recrudescences all occurred in indi- 
viduals with high antistreptolysin titers. Only 
three patients with titers above 100 imits escaped 
postsplenectomy rheumatic symptoms, and none 
of the patients with low titers developed any 
rheumatic symptoms. 

When the rheumatic subject has been free of 
streptococcus infection for a long period of time, 
the antistreptolysin titer is low and presumably 
the antibody producing tissues are quiescent. In 
such patients splenectomy produced no untoward 
results. In contrast, when rheumatic subjects 
have had fairly recent hemolj-tic streptococcus in- 

* One other rheumatic patient had a Pott’s fracture a 
few^ days after contracting hemolj-tic streptococcus phar- 
JTigitis. Two weeks later she developed acute rheumatism 
wth high antistreptolysin titer. 


fections and still have high antistreptolysin titers 
the spleens probably contain streptococcus prod- 
ucts and are active in the production of antibody 
(8). In such patients splenectomy was followed 
by recrudescence. 

In order to account for the occurrence of these 
postsplenectomy attacks, the following hj-pothesis 
has been formulated : that the spleen of the rheu- 
matic subject when actively engaged in the pro- 
duction of antibodies to hemoljdic streptococcus 
contains some substance which can be released into 
the circulation. This substance, whether of bac- 
terial or human origin, damages certain meso- 
dermal tissues either directly or indirectly. In 
the course of an ordinary rheumatic attack it is 
released gradually during the period of immune 
response of the antibody-producing tissues, and 
gives rise to sjTnptoms over a long period of time. 
In the attacks induced bj’ splenectomj', the mate- 
rial was liberated suddenlj' bj' operative manipu- 
lation, producing almost immediate symptoms. On 
the other hand, in quiescent rhemnatic subjects 
whose titers were low, and whose spleens were 
presumablj* inactive insofar as antibody produc- 
tion was concerned, this substance v,*as either not 
present or, if its action is indirect, did not give 
rise to a toxic derivative. The intensity of the 
recrudescences following splenectomj- paralleled 
the activity of the antibodj--producing organs, as 
indicated by the antistreptolj'sin titers. Under 
this hj-pothesis, manipulation of the “ active ” 
spleens released into the circulation some sub- 
stance, presumablj- non-Uable, which was effec- 
tive in initiating the clinical manifestations of 
rheumatic fever. The nature of this substance 
remains to be determined. 

GENERAL CONCLUSIONS 

The findings presented in earlier papers of this 
series (1, 2) led to two conclusions. First, both 
influenza virus and one tj-pe of hemoljlic strep- 
tococcus were ineffective in initiating recrudes- 
cences in a rheumatic colonj-. This strain of 
streptococcus did not produce soluble toxin, and 
although present in the throat flora was not asso- 
ciated with acute infection. Second, another tj-pe 
of hemolj-tic streptococcus was highlj- effective in 
initiating recrudescences in 14 out of 16 rheu- 
matic members of this same colonj-. This strain 
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was a strong toxin producer, was associated with 
acute infection of the upper respiratory tract and 
was a single serological type. In addition to in- 
fection with an effective strain of hemolytic strep- 
tococcus, two other factors contributed to the 
development and character of this epidemic of 
acute rheumatism. These factors were first, the 
disease pattern peculiar to each rheumatic subject, 
and second, the intensity of the immune response. 

Next it was pointed out (3) that most strains 
of hemolytic streptococcus which are effective in 
producing acute rheumatism form soluble toxin 
and streptolysin and are indistinguishable from 
scarlatinal strains. Most of the strains associated 
with throat infections which are ineffective in 
initiating rheumatic attacks form little or no solu- 
ble toxin. This finding, in conjunction with earl- 
ier studies (11), indicates a close relationship be- 
tween scarlet fever, acute rheumatism and toxin- 
producing strains of hemolytic streptococcus. 

The findings presented in the fifth paper of the 
present series (4) demonstrated that neither active 
nor passive immunization to hemolytic streptococ- 
cus inhibited the development of the rheumatic 
process. The observations indicated that the de- 
velopment of rheumatic activity depends not only 
upon infection with an erythrogenic strain but 
also upon the host's immune response to such 
infection. 

Next it was pointed out (5) that there is a 
close time relationship between the antistreptolysin 
rise and the onset of rheumatic activity. A small 
number of rheumatic subjects were observed to 
be infected with strains of hemolytic streptococcus 
which produced strong toxin and streptolysin, and 
nevertheless fail to develop a significant rise in 
antistreptolysin titer. These individuals also 
failed to develop a rheumatic attack. The authors 
interpret this fact to mean that in addition to 
infection with an effective strain, stimulation of 
the host sufficient to produce an antibody response 
is essential to initiation of rheumatic activity. It 
seemed that the character of the antibody response 
played a large part in determining the type of the 
rheumatic attack. 

Finally, the obserA-ations made in the present 
paper indicate that in the patients who escaped 
postsplenectomy rheumatic recrudescences, the 
antibody-producing tissue was presumably quies- 


cent; and that in those patients who developed 
acute rheumatism following splenectomy, the anti- 
body-producing tissue was probably in a state of 
activity. Likewise, as was already pointed out, 
in the subjects who escape recrudescences follow- 
ing infection with hemolytic streptococcus, the 
antibody-producing tissue presumably remains 
quiescent; and in those subjects who develop acute 
rheumatism following hemolytic streptococcus in- 
fection, the antibody-producing tissue is activated. 
These two sets of observations together show that 
acute rheumatism may follow either activation of 
the antibody-producing system by hemolytic strep- 
tococcus or operative manipulation of this system 
during the period in which it is producing immune 
bodies to hemolytic streptococcus. 

It is the authors’ conception that rheumatic dis- 
ease is the result of the following sequence of 
events: (1) Infection with toxin-producing 
strains of hemol3d:ic streptococcus initiates a 
process peculiar to rheumatic subjects; (2) In the 
course of this process a substance is released, 
presumably from the antibody producing tissues, 
which either directly or indirectly alters meso- 
dermal structures. This substance is probably 
not the infecting organism, and at the present 
time there is no evidence to suggest that it is 
viable; (3) The release of this toxic substance 
seems to take place only when there is an immune 
response to hemolytic streptococcus. 

In conclusion, the collected evidence indicates 
that activity of the rheumatic process depends not 
only upon effectiveness of the infecting strain of 
hemolytic streptococcus but also upon the intensity 
of the immune response of the rheumatic subject 
to this bacterial agent. 


To the three nurses, Lucille Miller, Mary Kelff 
nd Ruth Colby, the care of the patients was cn- 
•usted. Dr. Edward J. Donovan performed the 
Penectomies. Dr . Lucille Moore and Mis- 
leaner M. Kapp assisted the authors in many 
■ays. The advice of Dr. Alphonse R. Dochez 
■as invaluable. With the help of these associate, 
id with the assistance of The W. K. Kc og^ 
oundation the authors have been able to con 
le present studies. 
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The study of gastric pepsin has resulted in 
rather conflicting reports in the literature. Its 
significance in estimating the secretorj’ capadtj* 
of the stomach has apparently not been -widely 
recognized. In studying the causes of chronicitj- 
of peptic ulcer, we have gained the impression 
that increased pepsin concentration in the gastric 
contents plays a role in delajdng healing of arti- 
ficial defects in the stomach (1). In Uew of 
these facts, it was felt desirable to study the secre- 
tion of pepsin in patients with and without disease 
of the stomach. 

The results are reported in this paper. 

METHOD 

The gastric contents were obtained one hour 
after an Ewald meal, in most instances without a 
fasting expression. In a small group fasting 
samples were taken before the test meal. The 
juice was filtered immediately, diluted and kept 
in the ice box. The pepsin determinations were 
done within three hours as a rule, though values 
for the diluted specimens were found to remain 
unchanged up to three days. 

Free and total acidity were titrated with 1 cc. 
of the filtered juice against N/lOO sodium hy- 
droxide. Toepfer’s reagent was used as the indi- 
cator for free acid and phenolphthalein solution 
for total acid. 

The peptic activity of the gastric contents was 
determined by the method of Anson and Mirskj* 
(2). This depends upon the digestion of hemo- 
globin by pepsin, the end-product being tyrosine. 
The procedure in detail is as follows. One cubic 
centimeter of the filtered gastric juice is diluted 
with N/10 HCl, the dilution being usually bet^veen 
1 : 5 and 1 : IS and selected in most instances by 
the acidity of the specimen. The final colorimet- 
ric reading must fall betw'een 10 and 30 mm., 
the standard being at 20 mm. At times the pre- 
liminary readings do not fall within this range; 
then the test must be repeated -with a different 


dilution ; but with experience this is seldom neces- 
saiy. 

To 5 cc. of 2 per cent carbon monoxide hemo- 
globin in .06 N HCl in a test tube is added 1 cc. 
of the diluted gastric juice. Digestion is allowed 
to proceed for five minutes in a constant tempera- 
ture water bath at 35.5° C., after which 10 cc. 
of 4 per cent trichloracetic acid are added, which 
stops the digestion by precipitating the remaining 
hemoglobin. The mixture is filtered through fine 
paper. To 3 cc. of the clear filtrate in a 50 cc, 
Erlenmeyer flask are added 20 cc. of distilled 
water, 1 cc. of 3.85 N sodium hydroxide and 1 cc. 
of phenol reagent. The standard consists of 20 
cc. of distilled water, 3 cc. of N/10 HQ contain- 
ing 0.15 mgm. of ty-rosine, 1 cc. of 3.85 N sodium 
hydroxide and 1 cc. of phenol reagenL The blue 
colors are compared after from five to ten minutes. 

In order to determine the amount of coloring 
matter already in the specimen, a blank is run 
through with the original as follows : hemoglobin 
5 cc. -f- 10 cc. trichloracetic acid -}- 1 cc. diluted 
juice, given five minutes digestion. To 3 cc. of 
the filtrate from this are added 14 cc. distilled 
water, 3 cc. N/10 NaOH, 3 cc. of the standard 
tyrosine solution, 1 cc. 3.85 NaOH and 1 cc. 
phenol reagent. The difference between this solu- 
tion and the standard gives the amount of ex- 
traneous coloring matter in the specimen being 
tested. This is subtracted from the original and 
the result, multiplied by the dilution, gives the 
imits of pepsin, P. U., of the original specimen. 
The formula is: P. U.= (0.0195/x) — 0.000147 
where x is the colorimeter reading. In practice, 
a table containing all the values for readings be- 
twreen 10 and 30 is used. 

In order to convert these results into more 
significant values, we have translated them into 
milligrams of pepsin (1:4,000) per cubic centi- 
meter as suggested by Helmer, Fouts, and Zerfas 
(3). Repeated determinations on a 0.1 per cent 
solution of commercial pepsin (.Armour S: Co., 
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1 : 4,000) have given an average P. U. of 
0.001700. 

RESULTS 

For purposes of tabulation the cases have been 
divided into six groups as follows: 

Miscellaneous group (Table I). This includes 
28 cases on the general medical and surgical wards 


TABLE 1 

Secretion of pepsin in response to an Ewald meal in 27 
patients with miscellaneous conditions 


Case 

num- 

ber 

Age 

Free 

acid- 

ity 

Total 

acid- 

ity 

Pepsin 

Diagnosis 

1 

years 

29 

25 

57 

mgm. 
per cc. of 
gastric 
juice 
2.1 

Not sick 

2 

24 

28 

50 

2.8 

Rheumatic heart disease 

3 

19 

56 

79 

4.4 

Convalescent trichiniasis 

4 

17 

26 

47 

4.0 

Convalescent pleurisy virith 

S 

35 

45 

80 

S.S 

effusion 

Pulmonary tuberculosis 

6 


65 

85 

8.9 

Neurosis 

7 

49 

43 

72 

2.6 

Carcinoma of pancreas 

8 

22 

IS 

43 

5.2 

Pulmonary tuberculosis 

9 

72 

0 

20 

5.8 

Anomaly of duodenum 

10 

45 

6 

27 

2.8 

Arteriosclerotic heart dis- 

n 

57 

35 

56 

4.6 

ease 

Non-tropical sprue 

12 

32 

41 

65 

9.8 

Chronic osteomyelitis 

13 

33 

62 

91 

3.2 

Chronic erysipelas of leg 

14 

18 

50 

74 

7.1 

Gastric neurosis 

15 

63 

28 

41 

3.8 

Arteriosclerosis 

16 

30 

26 

49 

1.9 

Dermatitis herpetiformis 

17 

53 

62 

86 

6.9 

Fistula in ano 

18 

24 

31 

74 

4.5 

Hand infection 

19 

27 

21 

43 

3.4 

Post-appendectomy — con- 

20 

41 

17 

41 

3.2 

valescent 

Secondary anemia, cause 

21 

49 

19 

52 

2.0 

unknown 

Constipation 

22 

28 

4 

30 

2.0 

Pneumonia. Convalescent 

23 

39 

60 

SO 

5.8 

for 2 weeks 

Perianal abscess 

24 

54 

33 

51 

0.8 

Aplastic anemia 

25 

59 

0 


0.7 

Undiagnosed deficiency 

26 

40 

0 


0.4 

syndrome 

Secondary anemia 

2/ 

43 

0 

7 

0.1 

Hypochromic anemia 


with no known disease of the stomach or duo- 
denum. The median value for these cases is 3.6 
mgm. pepsin per cc. Interesting values are seen 
in Case 9 with achlorhydria and slightly high pep- 
sin; Case 11 with sprue-like deficiency, hyper- 
chromic anemia, normal acid and slightly high 
pepsin ; Case 24 with an aplastic type of anemia, 
normal acid and very low pepsin; and Cases 25, 
26, and 27 with anemia, achlorhydria and low 
pepsin concentrations. The last four cases fall 
within the range seen in pernicious anemia (see 
Table V). The mean free acid value for this 
miscellaneous group was 31. 

Duodenal ulcer group (Table II). These were 
patients who had not been operated upon but were 


TABLE II 

Secretion of pepsin in response to an Ewald meal in 
thirty-three patients with duodenal ulcer 


Case 

number 

•f 

Age 

Free 

acidity 

Total 

acidity 

Pepsin 

1. . . 

years 

42 

60 

72 

mgm. per cc. of 
gastric juice 

4.0 

2. . . 

64 

78 

88 

4.7 

3. . . 

31 

70 

84 

5.1 

4. . . 

31 

50 

86 

4.0 

5. . . 

44 

67 

96 

6.0 

6. . . 

59 

77 

97 

11.0 

7. . . 

36 

71 

93 

4.7 

8. . . 

37 

69 

84 

9.9 

9. . . 

26 

50 

72 

6.6 

10. . . 

46 

34 

51 

8.7 

11. . . 

43 

90 

111 

8.7 

12. . . 

49 

16 

29 

2.1 

13. . . 

37 

IS 

41 

3.9 

14. . . 

42 

57 

73 

7.6 

15. . . 

25 

26 

58 

6.9 

16. . . 

35 

52 

89 

8.1 

17. . . 

24 

45 

74 

6.9 

18. . . 

42 

41 

68 

7.8 

19. . . 

36 

64 

96 

7.2 

20. . , 

29 

62 

93 

7.1 

21. . . 

34 

37 

64 

7.6 

22. . . 

29 

15 

40 

6.1 

23. . . 

52 

10 

32 

4.7 

24. . . 

32 

64 

83 

6.8 

25. . . 

62 

41 

78 

10.7 

26. . . 

18 

36 

61 

5.1 

27. . . 

50 

44 

75 

7,9 

28. . , 

49 

22 

42 

3.0 

29. . . 

33 

37 

67 

S.3 

30. . . 

29 

33 

52 

5,5 

31. . . 

35 

77 

95 

8.4 

32. . . 

49 

47 

71 

11.7 

33. . . 

36 

43 

82 

9.1 


ndergoing medical treatment in the hospital. All 
jccept one (Case 11) were having symptoms at 
le time of observation. The median value for 
lis group of 33 cases was 6.75 mgm. of pepsin 
er cc. or slightly over twice that of the misccl- 
ineous group. Variations were fairly marked, 
inging from 2.1 to 11.7 mgm. The mean free 
:id value was 47.5. 

Postoperative ulcer cases (Table III). 

'ere only five patients in this group, with valuc.s 
etween 0 and 3.4 mgm. Three had been sub- 
:cted to partial gastrectomy 19 years, lo monttis 
ad 3 weeks before, respectively. The latter cas 
lowed no pepsin. Cases 1 and 2 had ha pre 
ious short-circuiting operations, and ^ 

'ell as Case 4, were suffering from ulcer- 1 • 
rmptoms at the time the analjses 

Carcinoma of the stomach (Table IV). _ 
roup comprises six patients. The diagno.us va.. 
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TABLE III 

Secretion of pepsin in response to an Ercald meal in fire postoperative ulcer patients 


Ca5e 

number 

^ Arc 

1 

1 Free 
acidity 

I 

Total 

acidity 

Pepsin 

Diagnosis 

1... 

years 

39 

IS 

32 

r:£m. f'cr cc. casiric 
juice 

3.4 

Old gastro-enterostomy (10 years). Gastric ulcer. Jejunal ulcer (?) 
Old duodenal ulcer. 

2... 

29 

14 

42 

2.5 

Gastro-enterostomy and exclusion of antrum (9 months). Jejunal ulcer 

3... 

37 

0 

7 

0 

Sub-total gastrectomy for duodenal ulcer (3 weeks). 

4.. .' 

41 

0 

3 

0.5 

Partial gastrectomy for duodenal ulcer (15 months). Jejunal ulcer (?). 

5... 

29 

12 

37 

1.2 

Partial gastrectomy for gastric ulcer (19 years). 


TABLE TV 


Pepsin values in six eases of careinoina of stomach after 
an Ervald meal 


Case 

number 

Age 

Free 

acidity 

Total 

acidity 

Pepsin 


years 



rr.im. ftcr cc. of 




gastric juice 

1 .... 

53 

0 

6 

1.0 

2 .... 

59 

0 

49 

0.1 

3.... 

65 

0 

8 

0.4 

4.... 

67 

0 

13 

0.5 

5.... 

59 

5 

21 

6.5 

6.... 

71 

0 

17 

1.0 


subsequently confirmed by operation in all except 
Case 1 in which the x-ray and clinical picture were 
typical (the patient refused operation). Case 5 
was the only one showing free add, accompanied 
by an elevated pepsin value. In the others the 
pepsin was quite low. 




■ 1 

0~i 2 3 4 5 6 7 8 9 10 « 12 

Pepsin MGM. per CC. 

Fig. 1. CoiiPARisox of Medians and Interquartile 
Ranges of Amount of Pepsin Secretion in Mgm. per 
cc. of Gastric Juice in Patients with Miscellaneous 

Conditions ( lu Patients with Duodenal 

Ulcer ( and in the Total Group ( ), 

IN Response to an Ewald Meal ; and in Fasting Pa- 
tients ( — j (the Total Group Does Not 

Include the Fasting Patients). 


Pernicious anemia (Table V). This indudes 
ten patients, all with achlorhydria and veiy low 
total acid. The pepsin values range from 0 to 
0.5 mgm., nine cases showing only traces. 


TABLE V 

Pepsin secretion in ten eases of pernicious anemia after 
an Ewald meal 


Case 

number 

Age 

Free 

acidity 

Total 

addity 

Pepsin 

1 . . . 

years 

51 

0 

2 

mgm. ter cc. of 
gastric juice 

0 

2... 

35 

0 

5 

0.1 

3... 

59 

0 

2 

0.1 

4... 

35 

0 

4 

0.1 

5. . . 

b/ 

0 

4 

0.2 

6... 

42 

0 

3 

0.1 

7 . . . 

32 

0 

3 

0.3 

8... 

65 

0 

4 

0.1 

9. . . 

55 

0 

1 

0.5 

10. . . 

48 

0 

3 

0 



1 

I 1 : 1 1 1 1 , , , , , , , 

0 5 10 15 ZO 25 30 35 -40 45 50 55 60 65 7D 75 
Free Acjd 

Fig. 2. Compapjson of Medi.ans and Interqu.aetile 
Ranges of Amount of Free Acid (cc. X/10 per 100 ca) 

IN Patents WITH Miscellaneous Conditions ( ), 

IN Patents with Duodenal Ulcers ( ), ant) in 

THE Total Group ( ), in Response to an Ewald 

Me.u.; and in Fasting Patents ( — — ) (the 

Total Group Does Not Include Fasting Patients). 
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Fasting expressions (Table VI). These 16 
observations are presented to show the extreme 
variation in fasting pepsin concentration. Ex- 


table VI 

Pepsin content of fasting gastric secretion in sixteen 
individuals 


Case 

num- 

ber 

Age 

Free 

acid- 

ity 

Total 

acid- 

ity 

Pepsin 

Diagnosis 

1 

years 

44 

128 

142 

mgm. per 
tc. of gas- 
tric juice 

12.1 

Duodenal ulcer 

2 

31 

26 

36 

8.0 

Duodenal ulcer 

3 

31 

43 

51 

7.4 

Duodenal ulcer 

4 

36 

18 

26 

5.8 

Duodenal ulcer 

5 

i 37 

59 

71 

9.8 

Duodenal ulcer 

6 

55 

i 55 

70 

6.1 

f Carcinoma oi 

7 

29 

58 

88 

8.1 

stomach 

Not sick 

8 

19 

11 

27 

4,6 

Convalescent tri- 

9 

56 

0 

4 

0.5 

chiniasis 

Hernia 

10 

40 

48 

63 

10.7 1 

Hernia 

It 

38 1 

30 

50 

6.4 

Inguinal hernia 

12 

16 

0 

6 

1.0 

Hernia 

13 

35 

32 

50 

7.9 

Duodenal ulcer 

14 

60 

60 

84 

9.3 i 

Duodenal ulcer 

IS 

35 

24 

40 

21.9 

Pulmonary tuber- 

16 

38 

57 

78 

11.8 

culosis 

Neurosis 


eluding the two cases with achlorhydria and low 
pepsin, the figures vary from 4.6 to 21.9 ragm., 
the median value for the group being 7.75 mgm. 
per cc. Obviously, a fasting expression is sub- 
ject to so many inconstant factors that a deter- 
mination of its content seems to be of relatively 
little value. 

For the 81 cases examined one hour after an 
Ewald meal the median value for pepsin was 3.9 
mgm. per cc. and for free acid 33. 

DISCUSSION 

In considering the secretion of pepsin by the 
stomach, it seems important to point out the prac- 
tical differences between peptic activity and the 
concentration of pepsin. It is known that the 
optimum pH for peptic activity is between 1.9 
and 2.3, and that outside of this range digestive 
action rapidly diminishes. It will be noted that 
in the method we have used, the pH of the diges- 
tion mixture may var)' slightly with differences in 
acidity of the juices to be tested. But since the 
hemoglobin used is in solution in approximately 


.06 N HCl, and 5 cc. are used for 1 cc. of gastric 
juice, the change in pH is not outside the optimum 
range for peptic activity. Substantiating this, we 
have found that a commercial preparation of 
pepsin gives the same values whether dissolved in 
N/10 HCl, N/lOO HCI or in distilled water. 

Our results measure the amount of pepsin se- 
creted rather than the peptic activity in vivo, since 
artificial conditions are created whereby the pH 
of the original juice as ordinarily encountered 
makes little or no difference in the result. Thus 
in cases of pernicious anemia, where the acidity 
is very low, the juice might show no peptic activity 
as found in the stomach but when analyzed as 
above shows appreciable amounts of pepsin. 
These facts may also explain why the range of 
values in our cases do not vary as much as those 
of other workers (4). A fairly accurate idea 
of the activity of any given juice in vivo can be 
obtained after considering the acidity and the 
amount of pepsin present. 

Our results show a fairly high coefficient of 
correlation between the acid and pepsin secretion, 
viz. 0.74 for the entire group. In general, a high 
acid is likely to be accompanied by high pepsin 
and vice versa, but frequent exceptions are found. 
These findings are in general similar to those of 
Helmer, Fonts, and Zerfas (3), though these in- 
vestigators lay more stress upon the frequent 
instances among their cases of dissociation of the 
acid and enzyme content. 

The very low values for pepsin in pernicious 
anemia also confirm the results obtained by these 
investigators (5), though they used histamine as 
a stimulus. 

As to the choice of stimulus used in studying 
pepsin secretion, it is known from the early work 
of Pavlov that among the foods bread is one of 
the most powerful stimulants of pepsin secretion. 
There is still some controversy as to whether 
histamine stimulates secretion of pepsin or not. 
Vineberg and Babkin (6), as well as Gilman and 
Cowgill (7), feel that it does not, but Polland 
and Bloomfield (8) have found an increase in the 
total pepsin output following the administration 
of histamine. 

From this series of cases it seems clear that, 
in genera], patients with duodenal ulcer se^ete 
more pepsin than do those without ulcer. 
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is in accord with the work of Vanzant, Osterberg 
et al. (4), though we have not found as marked 
rariations from the normal as they reported. We 
have not followed our patients long enough as yet 
to determine whether a high value for pepsin 
makes the prognosis less favorable, as these inves- 
tigators believe. On the other hand, Polland and 
Bloomfield (9), in a small group of cases, noted 
no significant differences between the value for 
pepsin in cases with duodenal ulcer and in controls. 

It would seem that pepsin determination in 
cases of carcinoma of the stomach is of little help 
in diagnosis, since it apparent!}’ reflects only the 
usual picture of hyposecretion as seen in the acid 
values. 

SUMMARY AND CONCLUSIONS 

1. A series of pepsin determinations, done ac- 
cording to the hemoglobin digestion method of 
Anson and Mirsky (2), is reported. 

2. With the Ewald test meal the following re- 
sults were obtained : 

(a) In a miscellaneous group of patients the 
median value for pepsin was 3.6 mgm. per cc. of 
gastric juice and the median value for free acid 
was 31. 

(b) In a group of duodenal ulcers the median 
value for pepsin was 6.75 mgm. and for free 
acid 47.5. 

(c) In a small series of five postoperative ul- 
cers the pepsin ranged from 0 to 3.4 mgm. 

(d) In six cases with carcinoma of the stomach 
all, except one, had low concentrations of pepsin. 

(e) Patients with pernicious anemia show'ed 
only traces of pepsin. 

(/) The median value for pepsin for the entire 
group was 3.9 mgm. per cc. and for free acid 
was 33. 


3. Fasting gastric expressions gave rather 
marked variations in pepsin concentration, the 
median value being 7.75 mgm. per cc. 

4. A high correlation existed between the acid 
and pepsin secretion in response to the test meal, 
though exceptions were not infrequent. 

We are indebted to Dr. Michael Heidelberger 
and staff for assistance in preparing the chemical 
reagents used in the pepsin determinations. 
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Several observers have directed attention to 
the frequent occurrence of vasomotor disturb- 
ances in patients with paroxysmal hemoglobinuria, 
and a few (1, 2, 3, 4, 5) have suggested that these 
disturbances are of importance in the pathogene- 
sis of the disease. The purpose of this com- 
munication is to present observ'ations on a pa- 
tient with paroxysmal hemoglobinuria which dem- 
onstrate that the sympathetic nervous system 
played a significant, although not the primary, 
role in the production of the attacks. 

REPORT OF A CASE 

History. The patient, a white man 38 years of age, a 
painter, was first seen on December 4, 1933. The past 
medical and family histories were irrelesTint. There was 
no history of sjijhilitic infection or of antiluetic treat- 
ment The patient had lived in Ohio (temperate climate) 
for 26 years, and his occupation had not entailed more 
than moderate exposure to cold weather. 

For three years before coming to the Qinic, the pa- 
tient had experienced frequent attacks of btiming pain in 
the epigastrium and left upper abdominal quadrant In 
November, 1932, he first noticed that exposure to cold 
weather caused numbness and burning pain in the fingers 
and toes and that the fingers at the same time became 
cj-anotic. The ears and nose also became cyanotic but 
were not painful. It was observed also that e-xposure to 
cold sufficient to cause these changes was followed in- 
s’ariably by the passage of dark red, reddish-brown or 
almost black urine during the succeeding two to four 
hours. Hemoglobinuria had never been preceded or ac- 
companied by a chill and the patient had never felt 
feverish. 

During the warmer months of 1933, no attacks of 
hemoglobinuria were experienced, but with the onset of 
cold weather, paroxj’sms again occurred and were always 
preceded by the changes in the fingers, tcies, ears and 
nose described above Persistent weakness had been a 
complaint since the first appearance of hemoglobinuria 
and had prevented the patient from working. 

Examination. The patient was well developed but 
somewhat pale The pupils were regular and reacted 
normally. There was no gingival lead line The heart 
and lungs were normal on percussion and auscultation. 
The liver, spleen and kidnej-s were not palpable, and 
there was no abdominal tenderness. Neurologic exami- 


nation gave entirely normal findings. The blood pressure 
was 140 mm. Hg systolic and 80 mm. Hg diastolic 

Specimens of urine collected at times when the patient 
had not been exposed to cold contained no albumin or 
sugar and showed nothing abnormal on microscopic ex- 
amination. 

Examination of the blood revealed extreme agglutina- 
tion of the erythrocytes whenever the specimens were al- 
lowed to cool below body temperature. Clumping oc- 
ciured so rapidly that cover glass smears made as quickly 
as possible contained grossly visible aggregations of cells. 
This auto-agglutination made it impossible to obtain red 
blood cell counts by the ordinary method, and in order to 
obtain satisfactoiy counts, it was necessary to use wann 
diluting fluid, warm pipettes and a warm counting cham- 
ber. The erythrocyte count made with these precautions 
was 3,800,000 per cu. mm. The hemoglobin content was 
10.5 grams per 100 cc., and differential counts of stained 
smears gave a normal distribution of cell tj-pes. The pa- 
tient’s blood belonged to Group III (Janskj'). Fragility 
tests showed hemolysis to begin in 0.40 per cent sodium 
chloride solution and to be complete in 034 per cent 
solution. 

The Wassermarm reaction of the blood was negative 
with plain alcoholic, cholesterinized and acetone insoluble 
antigens. The Kahn reaction of the blood also was nega- 
tive. The Wassermarm and Kahn reactions of the spirral 
fluid and the colloidal gold test were negative. 

Special studies 

Donalh and Lar.dsicincr reaction. One of the charac- 
teristic features of paroxj-smal hemoglobinuria is the 
presence in the patient’s blood serum of an hemolysin 
which unites with the red blood cells of the patient or of 
other persons only at low temperatures. Hemolysis oc- 
curs when the mixture subsequently is warmed, providing 
complement is present This is the Donath and Land- 
steiner reaction (6). The results of this test in our pa- 
tient are presented in Table I. The test was performed 
on four occasions before the patient was subjected to op- 
eration, and similar results were obtained each time. 

Induction of attacks of hemoglobinuria. Hemoglo- 
binuria could be produced at will by the application of an 
ice pack extending from the feet to the level of the an- 
terior superior spine of the ilium or to the ensiform 
cartilage for from 20 to 40 minutes (Tables II and IV). 
Specimens of urine collected 30 minutes, one hour and 
two hours after removal of the pack varied in color from 
light red to deep reddish brown and contained a large 
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TABLE V 


Observations after resection of left splanchnic nerves and 
removal of left first lumbar ganglion 
{January 22, 1934) 


Date 

Procedure 

Hemo- 

glo- 

binuria 

Hemo- 

glo- 

binemia* 

1934 




February 1 

Ice pack, feet to anterior superior 
spine of ilium, 40 minutes 

0 

i 

0 

February S 

Ice pack, feet to anterior superior i 
spine of ilium. 40 minutes 1 

° i 

0 

February 6 

Exposure in room at 49° F., 1 hour j 

0 1 

0 

February 7 

Ice pack, feet to ensiform cartilage, i 
40 minutes ! 

0 1 

0 

February 10 

Ice pack, feet to ensiform cartilage, 
40 minutes 

0 

0 

February 12 

Ice pack, feet to ensiform cartilage, 
40 minutes 

0 

0 

February 21 

Ice pack, feet to ensiform cartilage, 
40 minutes 

0 

0 

March 20 

Ice pack, feet to ensiform cartilage, 
40 minutes 


+ 

March 21 
(a.m.) 




March 22 

Ice pack to left leg, 40 minutes 

0 

0 

(p.m.) 

March 21 
(p.m.) 


i 

I 

1 

March 22 

Ice pack to right leg, 40 minutes 

+ 

+ 

(a.m.) 




March 23 

Exposure in room at 45“ F., 1 hour 

d" 

■¥ 

March 24 

Spinal anesthesia followed by e-x- 
posure in room at 40“ F., 1 hour 

0 

0 

March 25 

Ice pack, feet to ensiform cartilage, 
40 minutes 

4* 

\ + 

March 27 ] 

Exposure in room at 42° F., 1 hour 

4- 

4- 


* Blood collected one hour after end of exposure. 


and the foot cyanotic. Slight cyanosis of the ears and 
nose also developed. Neither hemoglobinuria nor hemo- 
globinemia occurred (Table V). On the sixteenth, nine- 
teenth and twenty-first days after operation, an ice pack 
was applied from the feet to the level of the ensiform 
cartilage for 40 minutes. On no occasion did hemoglo- 
binuria or hemoglobinemia occur (Table V). 

On the fifteenth day after operation, the Donath and 
Landsteiner test was repeated, and for the first time a 
negative reaction was obtained. The test was repeated 
three days later with the same result. At this time, tests 
also were made in which the mixtures of cells, serum and 
complement were chilled at 0° C. for 5, 30 and 60 minutes 
instead of for the customary 10 minutes, but in none of 
these tests did hemolysis occur. It also was demonstrated 
that the absence of hemolysis was not due to the develop- 
ment of anti-complementary properties (2) in the pa- 
tient’s serum. 

The patient was discharged from the hospital on the 
twenty-third day after operation. It required about 
ninety minutes for him to reach his home by automobile, 
and the temperature during this time was approximately 
49° F. The nose and cars were cyanotic when he ar- 
rived home, but hemoglobinuria did not occur. Two 
days later, he returned for observation. The outside 
temperature at this time was 18° F., and it took about 
ninety minutes to reach the Clinic. On arri\-al, the cars 
and nose were cyanotic, but specimens of urine passed 
immediately and 30 minutes later were perfectly clear. 
Tiic patient complained of weakness, anorexia and fre- 


quent pain in the epigastrium and upper left quadrant of 
the abdomen. After leaving the Clinic, he rode for over 
two hours in an automobile, and the right foot and both 
hands became extremely cold and painful. Two hours 
after arriving home, the patient passed a specimen of 
reddish urine. Five days later (February 21), an ice 
pack was applied from the feet to the level of the ensi- 
form cartilage for 40 minutes and failed to cause hemo- 
globinuria or hemoglobinemia (Table V). 

On March 2 and March 19 exposure for one hour out- 
of-doors, fully dressed, at 44° F. and 40° F. respectively 
caused spontaneous attacks of hemoglobinuria. On March 
20, an ice pack from the feet to the level of the ensiform 
cartilage for 40 minutes caused hemoglobinuria and hemo- 
globinemia. The experiment was repeated five days later 
with the same result (Table V). 

On the morning of March 21, an ice pack was applied 
to the left leg (side of operation) from the foot to the 
groin for 40 minutes and did not cause hemoglobinuria or 
hemoglobinemia. In the afternoon, a similar pack was 
applied to the right leg. Specimens of urine collected 
one-half hour and one hour after removal of the ice had 
a light reddish tint and gave a positive benzidene reaction. 
Faint hemolysis was present in a blood specimen col- 
lected one hour after removing the ice. On the following 
day the same procedures were carried out with the varia- 
tion that the pack was applied to the right leg in the 
morning and to the left in the afternoon. Hemoglobinuria 
and hemoglobinemia again occurred after applying ice to 
the right leg and again failed to occur after exposure of 
the left leg (Table V). 

On March 23 and 27, the patient was exposed for one 
hour without clothing but with a sheet covering the trunk 
in a room at 45° F. and 42° F. respectively. Hemoglo- 
binuria and hemoglobinemia occurred on both occasions 
after removal from the room. On March 24, spinal 
anesthesia was induced by the administration of 150 mgm. 
of spinocain. When anesthesia had extended mid-way 
between the costal margin and the nipple line, the pa- 
tient was transferred to a room at 40° F. and exposed 
as before for one hour. Neither hemoglobinuria nor 
hemoglobinemia occurred (Table V). 

Resection of the right splanchnic nerves and first amt 
second right lumbar sympathetic ganglia. In view of 
these observations, resection of the right splanchnic nerves 
was performed on March 29 together with removal of the 
first and second right lumbar ganglia. On the thirteenth 
and twenty-third days after the operation, ice packs were 
applied from the feet to the level of the ensiform cartilage 
for 40 minutes, and hemoglobinuria did not occur. Sub- 
sequent experiments of this kind were made at approxi 
mately monthly intervals, and it was not until Septem- 
ber 20, 1934, nearly six months after the second operation, 
that hemoglobinuria followed the application of an 
pack. 

Cervicodorsal and lumbar sympathetic ganglionectomy. 
During the summer of 1934, the patient co.Umue^ 
complain of persistent weakness and of frequent pa 
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the upper abdomen. In addition, on cool mornings, cya- 
nosis of the nose, cars and fingers developed together 
with intense burning pain in the fingers. On September 
24, bilateral cendcodorsal ganglioncctomy was performed, 
and on October 19, complete bilateral lumbar ganglion- 
cctomy was carried out. These procedures did not pre- 
vent the production of hemoglobinuria by ice packs, al- 
though for a few months after the last operation, a 
twcntj--minutc pack to the level of the anterior superior 
spine of the ilium failed to cause an attack, whereas im- 
mediately before the operation, similar packs had caused 
slight hemoglobinuria. 

The patient c-xpericnccd but three mild spontaneous at- 
tacks of hemoglobinuria during the winter of 1934-1935 
in spite of frequent c-xposure to cold weather. At pres- 
ent, e.'cposure to cold still causes cj-anosis of the nose and 
ears but docs not cause pain in tlie fingers or toes. Ice 
packs invariably are followed by hemoglobinuria but the 
attacks are somewhat less severe than before the first 
operation. Although the patient complains much less 
than formerly of weakness, he still is unable to do more 
than light work. The Donath and Landsteiner reaction 
has been repeated on seventeen occasions since the first 
operation and has been negative each time. Numerous 
tests also have been made in which 10, 25 and SO per 
cent cell suspensions were employed instead of the usual 
5 per cent suspension, and neither this procedure nor the 
use of sensitization periods ranging from 5 to 60 minutes 
have given a single positive reaction. The titer of the 
auto-agglutinins in the blood serum has remained un- 
changed (1 : 12S0) throughout the period of observation. 
On May 3, 1935 spinal anesthesia was induced to the level 
of the nipples and an ice pack was applied from the feet 
to the level of the ensiform cartilage for 40 minutes. 
Hemoglobinuria was produced. 

COMMENT 

The patient studied in the present investigation 
showed two important variations from the usual 
case of paroxj'smal hemoglobinuria. In the first 
place, there was no clinical or laboratorj' evidence 
of s}-philis. Donath and Landsteiner (1) re- 
ported that there was evidence of luetic infection 
in 95 of 99 cases of paroxysmal hemoglobinuria 
recorded in the literature between 1906 and 1925. 
In the second place, the blood serum contained 
auto-agglutinins in high titer. A similar phenom- 
enon has been reported in other cases of paroxys- 
mal hemoglobinuria (9, 10, 11) but the associa- 
tion is decidedly unusual. The extent to which 
these two variations influenced the results of the 
study cannot be stated. 

The fact that spinal anesthesia originally pre- 
vented the production of hemoglobinuria by ice 
packs suggested at first that alterations in cu- 


taneous blood flow induced by the anesthesia pre- 
vented adequate cooling of the blood. The cold- 
ness of the parts exposed to the ice argued against 
this interpretation, however, and the disappear- 
ance of the characteristic hemolysin after the first 
operation demonstrated that the relationship be- 
tween the sjTnpathetic system and the disease was 
of a more fundamental nature. 

In patients with paroxj'smal hemoglobinuria 
due to syphilis, antiluetic treatment usually causes 
a gradual diminution in the titer of the hemolysin 
and cessation of spontaneous attacks of hemo- 
globinuria in a few months. In only one of ten 
patients treated by Kumagai and Namba (4), 
however, did the hemolysin disappear entirely, 
and then not until some time between the third 
and fifth years after treatment was begun. Simi- 
larly, although antiluetic therapy resulted in ces- 
sation of attacks in three of Mackenzie’s five pa- 
tients (8), the Donath and Landsteiner reaction 
became negative in but one of these and then only 
after approximate!}' four years’ treatment. In 
contrast to these results was the promptness -ndth 
which the Donath and Landsteiner reaction be- 
came negative in our patient after the first opera- 
tion. 

We are conrinced that the negative reactions 
obtained were not due to technical errors. Fluc- 
tuation in the complement of the patient’s senun 
could not have been responsible since fresh com- 
plement was supplied in all tests throughout the 
investigation. It was demonstrated repeatedly 
also that the negative results were not due to the 
development of anticomplementary' properties in 
the serum. Furthermore, on numerous occasions 
the tests were made with erythrocy-te suspensions 
of various dilutions and with sensitization periods 
ranging from five minutes to one hour without in 
any way' influencing the results. It therefore 
seems certain that resection of the left splanchnic 
nerves and left first lumbar ganglion caused an 
actual disappearance of the hemolysin from the 
blood serum. 

After the relapse following the first operation, 
hemoglobinuria could be induced by applying an 
ice pack to the right leg (the unoperated side) 
but not by applying ice to the left leg. The re- 
sults of these experiments at first appeared con- 
tradictory' to the earlier failure to prevent arti- 
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fidal attacks of hemoglobinuria by, novocain in- 
jection of the lumbar sympathetic chains. It is to 
be remembered, however, that the latter observa- 
tions were made while the blood serum contained 
the specific hemolysin, while the former were 
made after the hemolysin had disappeared. 

The recurrence of spontaneous attacks of hem- 
oglobinuria and of the positive response to ice 
packs after the first operation is difficult to ex- 
plain in view of the fact that this occurred in the 
absence of demonstrable circulating hemolysin. 
It is probable that in patients with paroxysmal 
hemoglobinuria due to syphilis, attacks do not oc- 
cur in the absence of hemolysin (4). It occurred 
to us that exposure of the body to cold might re- 
sult in local production of hemolysin in tissues 
having an intact sympathetic nerve supply. He- 
molysin could not be demonstrated by the usual 
technique, however, in specimens of blood col- 
lected one hour after removal of an ice pack, even 
though hemoglobinuria and hemoglobinemia were 
present at the time. Another possibility is that 
the persistent auto-agglutinins in the patient’s 
serum are concerned in some way with the pro- 
duction of the attacks of hemoglobinuria. 

The results of the investigation indicate that 
the sympathetic nervous system originally played 
a significant contributory role in the production 
of the attacks of hemoglobinuria. That this role 
was not of primary importance was demonstrated 
by the recurrence of hemoglobinuria after the 
left and right splanchnic nerves had been resected 
and by the fact that, in contrast to its earlier ef- 
fect, spinal anesthesia no longer prevents the in- 
duction of hemoglobinuria by ice packs. The con- 
clusions seem warranted, therefore, that, in the 
patient studied, paroxysmal hemoglobinuria re- 
sulted from a pathologic state in the tissue cells 
themselves, and that this pathologic state either 
produced or was accompanied by disturbances in 
sympathetic innervation which accentuated the 
condition. Resection of the splanchnic nerves 
and upper lumbar sympathetic ganglia relieved 
the sympathetic disturbances and temporarily pre- 
vented the occurrence of hemoglobinuria. The 
recurrence of paroxysms of hemoglobinuria prob- 
ably was due to progression of the underlying 
pathologic process, and although the patient’s 
present condition is improved as compared to his 


original state, it is doubtful whether this improve- 
ment will be permanent. 

SUMMARY AND CONCLUSIONS 

1. In a patient with paroxysmal hemoglobinuria 
who presented no clinical or laboratory evidence 
of syphilis, hemoglobinuria could be produced at 
will by the application of ice packs from the feet 
to the level of the anterior superior spine of the 
ilium or ensiform cartilage. 

2. During spinal anesthesia, ice packs did not 
cause hemoglobinuria. 

3. Novocain block of both lumbar sympathetic 
chains did not prevent the production of hemo- 
globinuria by ice packs. 

4. For more than one month after resection of 
the left splanchnic nerves and removal of the first 
left lumbar ganglion, ice packs failed to cause 
hemoglobinuria; and after a similar operation on 
the right side, ice packs were ineffective for nearly 
six months. 

5. Subsequent cervicodorsal ganglionectomy 
and complete lumbar ganglionectomy did not pre- 
vent the production of hemoglobinuria by ice 
packs. 

6. The Donath and Landsteiner reaction for 
the presence of the characteristic hemolysin in the 
patient’s blood serum was positive before the first 
operation but became negative after that operation 
and has remained so. 

7. The patient’s serum also contained auto- 
agglutinins in high titer, and these were not in- 
fluenced by the operative procedures. 

8. The operations have resulted in a great de- 
crease in the frequency of attacks of hemoglobi- 
nuria following exposure to cold weather, but it is 
doubtful whether this effect will be permanent. 
Spinal anesthesia no longer prevents the induc- 
tion of hemoglobinuria by ice packs, 

9. The results of the investigation indicate that 
the sympathetic nervous system played a signifi- 
cant but not the primary role in the production of 
the attacks of hemoglobinuria. 
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The mechanism of the production of pain in 
angina pectoris and intermittent claudication has 
been the subject of many studies during the last 
century' and a half. Interest in this has recently 
been reawakened b}’ the investigation of Lewis 
and his collaborators (1, 2). They showed that 
the continuous pain from contracting ischemic 
skeletal muscle of normal subjects is due not to 
vascular spasm but to the development by the 
contracting skeletal muscle of a factor producing 
pain, confirming a Hewpoint proposed by the 
early workers in this field during the 18th cen- 
tury. In this laboratory we have recently been 
concerned with the nature of this factor producing 
pain. Our preHous results (3, 4, 5) may be 
summarized as follows: 

1. The factor producing pain accumulates in 
resting ischemic muscle as well as in contracting 
ischemic muscle, but at a much slower rate than 
in contracting muscle. The ratio between the 
two rates of accumulation is roughly proportional 
to the relative rates of energy exchange as indi- 
cated by 0„ consumption and heat production 
(cf. Hill (6)). 

• 2. The accumulation of the factor producing 
pain in contracting skeletal muscle which is not 
ischemic is accelerated (c) by stasis brought on 
by experimental venous engorgement, (6) by 
generalized anoxemia without stasis or ischemia, 
and (c) by increasing the rate at which the muscle 
is exercised. 

3. After the exercise is stopped and the circu- 
lation to the muscle has been restored to normal, 
the factor producing pain takes a much longer 
time to disappear than does the pain. If the ex- 
ercise is performed soon after a previous period 
of exercise or after a period of stasis or ischemia. 


of 


Aided by the Frederick K. Babson Fund for the Study 
Diseases of the Heart and Circulation. 


less exercise is required to cause pain in the sub- 
sequent test with the same muscle. This sug- 
gests a pre-pain state in which the amount of the 
factor producing pain while more than present 
normally is insufficient to stimulate the pain end 
organs. 

These observations, when viewed in the light 
of the work of Lewis (2), MacWilliam and 
Webster (7), Reid (8) and others, suggested to 
us that the factor producing pain was a dif- 
fusible chemical product formed in the muscle " 
during catabolism and disposed of in the presence 
of oxygen during the recovery of the muscle. 
The evidence for this contention was not conclu- 
sive, and the experiments in the present report 
were performed to test the hypothesis more com- 
pletely. In addition, the experiments were 
planned to determine more precisely the nature 
of the factor producing pain. 

I. The effect of varying the degree of circulatory 

stasis on the amount of exercise required to 
cause pain 

We have shown previously that circulatory 
stasis modifies the amount of exercise required to 
cause pain (4). In this stud}' we attempted to 
analyze more quantitatively than hitherto the in- 
fluence of the degree of circulatoiy stasis on the 
amount of exercise required to cause pain. This 
was necessar}' before we could investigate other 
phases of the problem. 

Method. Four normal subjects were used in 
these experiments. All tests were carried out on 
the right arm vHth the subject in the prone posi- 
tion. The arm was supported at a right angle 
to the body, and the exercise consisted of clench- 
ing the hand around a special ergograph (c.f. 
Klissin (3)) 60 times per minute in time with 
a metronome. The cuff, which was placed around 
the upper arm, was suddenly inflated to the de- 


807 



810 


L. N. KATZ^ E, LINDNER AND H. LANDT 


were carried out with the cuff pressure at 0 (no 
stasis), at 40, and at 80 mm. Hg and, to insure 
complete ischemia, at 140 mm. Hg. Measure- 
ments were made at a single cuff pressure but at 
different rates of exercise on each subject on a 
given day. This was repeated on different days 
at the other cuff pressures. Thirty to forty-five 
minutes of rest were allowed between exercises, 
and the order of the different rates of exercise 
was varied. Usually the effect of the exercises 
was studied at only one cuff pressure on any one 
day in a given subject. 


At any given rate of exercise employed circula- 
tory slowing produced an effect in the same 
direction as can be seen by comparing the vertical 
blocks at a given rate of exercise for different 
cuff pressures (Figures 2 and 3). The effect of 
circulatory slowing was less marked, however, at 
the faster rates than at the slower. This indi- 
cates that the circulatory slowing operates on the 
recovery phase of exercise, which is reduced in 
duration at the faster rates of exercise. 

As anticipated, the effect of rate of exercise 
was less marked at the higher degrees of venous 



Fig. 2. Graphic Summary of Results on Four Subjects with Varying Rate of 
Exercise at Different Degrees of Circulatory Slowing. 

The ordinates give the total number of strokes, the abscissae give the rate of exercise 
per minute (upper figures) and the pressure in the cuff around the upper arm at time 
of exercise (lower figures). Each group of four blocks is the average of all the tests 
carried out in all four subjects. Each of the four subjects was subjected to from 1 to 3 
sets of tests, each set on a single day. The significance of the blocks is exemplified in 
Figure 1. A jagged line at the top of the vertical blocks at 900 denotes that the pain 
indicated did not develop by the time the exercise was stopped. A jagged line at the top 
of the vertical block below 900 denotes that the pain indicated did not develop because the 
exercise had to be stopped because of neuromuscular fatigue. A line at the top of the 
vertical block half jagged and half straight denotes that neuromuscular fatigue stopped 
about half of the tests and that pain of the type indicated stopped the other half. Dis- 
cussed in text. 


Discussion of results. Although the tests with 
different cuff pressures w’ere carried out on dif- 
ferent days instead of at one sitting, we con- 
firmed the obsen-ation noted in the preceding 
section regarding the action of var>-ing degrees 
of circulator}' slowing on the onset of pain and 
added observations on the appearance of fatigue. 


occlusion than when the circulation was 
the effect disappeared when circulatory standsti 
was produced. This is most clearly shown ^ 
onset of mild pain, but the tendency was presen 
also in the onset of almost unbearable pain, -f 
suming that the exercise per stroke w'as 
at different rates, these results indicate t lat 
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accumulated amount of the factor producing pain 
^•aries inversely as the time allowed for recovery. 
The time for recovery is less effective when the 
oxj’gen supply is limited, as in circulator)' slowing, 
or when the oxygen supply is practically absent, 
as in circulator)' standstill, than when the oxygen 
supply is adequate. Neuromuscular fatigue like- 
wise appears after less exercise when the rate of 
exercise is faster, showing that it too depends on 
the time arailablc for recover)' from exercise. 


quired to cause pain there than previously. Pre- 
liminary experiments com-inced us that exercis- 
ing one group of muscles temporarily alters the 
amount of exerdse required to cause pain in other 
groups of muscles, even when precautions are 
taken to prevent the transport of substances from 
the former to the latter. The experimental pro- 
cedure had to be elaborated, therefore, in order 
to take account of this complicating factor. 

Method. The usual arm-exerdse with the er- 



Fic. 3. Graphic Suiiiiarv of Results in a Single Typical Subject with Vaey-- 
iNG Rate of Exerose at Different Decrees of Ciecuxatory' Stasis. 

The significance of the blocks etc. is as in Figure 2. The results are the aver- 
age of the tests carried out. Discussion is in the text. 


The application of these results to the problem 
of pain in angina pectoris would suggest that the 
rate of the heart beat would be more important 
when coronary drculation insufficiency was ad- 
vanced, and that pain would appear in such a case 
ivith less work by the heart. 

in. Evidence indicating that the factor producing 
pain is a substance which diffuses in and out 
of the blood stream 

No dear proof exists that the factor produdng 
pain is a substance (s) which diffuses into and 
out of the blood stream. In prindple, the proof 
of diffusion depends on finding that if one group 
of ischemic musdes undergoes exerdse until pain 
appears, then if the blood from this limb has 
passed to another limb, less exerdse will be re- 


gograph was carried out in 17 sets of 4 tests on 
normal subjects at 60 strokes per minute. Rest 
inten-als (30 to 45 minutes) were allowed after 
each exerdse, the sequence bdng varied in the 
different sets except that (d) always followed 
(c) (vide infra). The total number of strokes 
necessaiy to bring on slight, moderate and almost 
unbearable pain was counted. 

The four different conditions preceding the 
arm-exerdse were as follows : 

(a) Leg-exerdse was provided on a friction- 
brake bicyde ergometer at the rate of 60 strokes 
per minute. The legs were compressed at the 
upper thigh by raising the pressure in the cuff 
approximatdy to 220 mm. Hg. Exerdse v,-zs 
continued until moderatdy severe pain devdoped. 
The subject then walked to the bed preparator)' 
to undertaking the arm-exerdse. The pressure in 



812 


L. N. KATZ, E. LINDNER AND H. LANDT 


the cuffs on the legs was then released. Twenty 
seconds later, when blood from the leg had ar- 
rived in the arm, the cuff on the arm was inflated 
(160 mm. Hg) and the arm-exercise was begun. 
This we will refer to as exercise after trapping. 

(b) For comparison, arm-exercise was carried 
out without previous leg-exercise, compression of 
the arm (160 mm. Hg) being simultaneous with 
the onset of exercise. This we will refer to as 
the control for exercise after trapping. 

(c) In order to prevent the action of the blood 
coming from the exercised legs from affecting 
the exercising arm, the arm was compressed (160 
mm. Hg) before and during the leg-exercise and 

,kept so until the end of the arm-exercise. A 
pressure of 160 mm. Hg was found to be above 
the systolic pressure in the arm in all the sub- 
jects, even during the leg-exercise. This we will 
refer to as exercise without trapping. Continuous 
compression of the arm is required because blood 
cannot be shut off from all of the muscles of the 
leg and diffusible material could, therefore, be 
transported from the leg throughout the body. 

{d) Since a preliminary period of ischemia 
lessens the amount of exercise required to cause 
pain (4) it was necessary to compare this effect 
with that in exercise without trapping. While 
resting in bed, the arm was kept compressed (160 
mm. Hg) for 2 to 4 minutes, which was the time 
required for the onset of pain in the leg in the 
experiments on exercise without trapping and 
therefore the interval in these experiments during 
which the arm was compressed before starting 
arm-exercise. This we will refer to as the control 
for exercise without trapping. This exercise was 
carried out after the exercise without trapping. 

Discussion of results. In order to ascertain the 
specific effect of blood from the exercised leg 
when trapped in the arm prior to exercise, free 
from other influences due to the leg-exercise, the 
following computations were made (cf. Table I). 

Equation 1 : (Onset of pain in control for exer- 
cise without trapping) minus (onset of pain in 
exercise without trapping) equals (onset of pain 
in arm due to factors following leg-exercise other 
than that mediated by the blood carried to the 

arm). 

Equation 2 : (Onset of pam m control for exer- 
cise after trapping) minus (onset of pain in c,r^r- 


TABLE I 

Calculations used in a typical set of exercises, also 
shown graphically in Figure 5, to show how the effect of 
the diffusible pain-producing substance (s) is determined. 


Subject C. H. 


Type of exercise 

Onset of pain 
(number of strokes) 

Slight 

Moderate 

Almost 

unbear- 

able 

Control for exercise after trap- 

i 



ping 

92 

118 

147 

Exercise after trapping 

86 

119 

137 

A from Equation I 

-6 

+1 

-10 

Control for exercise without 




trapping* 

90 

109 

130 

Exercise without trapping 

125 

160 

' 196 

B from Equation 2 

-1-35 

-1-51 

-1-66 

A minus B from Equa- 




tion 3 

-41 

-50 

-76 


* Since leg-exercise was carried out for 2 minutes to 
produce pain in the legs in this test, the preliminary com- 
pression of the arm in this control was carried out for the 
same period before beginning the arm-exercise. 

cise after trapping) equals (onset of pain in arm 
due to all factors following leg-exercise). 

Equation 3 : (Onset of pain in arm due to all 
factors following leg-exercise (from Equation 
2)) minus (onset of pain in arm due to factors 
following leg-exercise other than that mediated 
by the blood carried to the arm (from Equation 
1)) equals (onset of pain in arm due to factor 
following leg-exercise mediated by the blood car- 
ried to the arm). 

Columns I in Figure 4 show the scatter of re- 
sults depicting the effect of factors following leg- 
exercise other than that mediated by the blood 
carried to the arm to be exercised, on the onset 
of slight, moderate and almost unbearable pain in 
the subsequent arm-exercise. Columns II o 
Figure 4 show the scatter of results depicting the 
combined effect of all factors following leg 
exercise on the onset of the various degrees o 
pain in the subsequent arm-exercise. Columns 
III of Figure 4, derived in each set of exercise^ 
by subtracting algebraically the value in Column 
II from that in Column I, show the 
results depicting the effect of the factor 
leg-exercise mediated by the blood carrie r 
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Fig. 4. Graphic Summ.miv of Results in 17 Sets of Tests on 
12 Normal Subjects, Showing the Effect on the Amount of 
E xERasE Required to Cause Pain in Exercise without Trapping 
(Column I), in Exercise after Trapping (Column II), as well as 
THE Computed Effect of the Pain-Producing Substance(s) Dif- 
fusing into the Blood from the Exercising Legs and Diffusing 
out into the Muscles of the Arm When the Blood from the 
Legs is Trapped in the Arm to be Exercised (Column III). 

The columns are grouped for the onset of slight, moderate and al- 
most tmbearable pain. The ordinates show the effects in terms of 
total number of strokes ; — means a decrease, and -p, an increase in 
the number of strokes required to cause pain as compared with the 
controls for the subject. The manner of calculating each of these col- 
umns is given in the text : viz. Column I is determined by Equation 1 : 
Column II by Equation 2 ; and Column III by Equation 3. Each col- 
umn gives the range of scatter of the results in the 17 subjects. The 
results of the individual experiments are shown by the dots within the 
columns and the arithmetic average of the 17 tests in each column is 
shown by a horizontal line. Discussed in text. 


the leg and trapped in the arm on the onset of 
vanous degrees of pain in the subsequent arm- 
exercise. The arithmetical average of each of 
these columns is shown by the horizontal heavy 
line within each column, and inspection will show 
that this is close to the median. 


This figure, and also the summar}' of the four 
typical sets of exercise depicted in Figure 5, 
shows that exercising the legs to the point of 
moderately severe pain has a two-fold effect on 
the subsequent development of pain in the arm- 
exerdse, most dearly seen with the severer de- 
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Fig. S. Graphic Summary of Results in 4 Sets of Tests, Typical of All, 
Showing the Effect on the Amount of Exercise Required to Cause Pain in 
Exercise without Trapping (Solid Circles), in Exercise 'after Trapping (Open 
Circles), as well as the Computed Effect of the Pain-Producing Sudstance(s) 
Diffusing into the Blood from the Exercising Legs and Diffusing out into the 
Muscle of the Arm When the Blood from the Legs was Trapped in the Arm to 
BE Exercised (Half Solid, Half Open Circles). 

The calculations are carried out in accordance with Equations 1, 2 and 3 in the 
text. The ordinates show the effect in terms of total number of strokes; means a 
decrease, and -h, an increase in the number of strokes i-equired to cause pain as com- 
pared with the control for the subject. Discussed in the text. 


grees of pain in the arm. One action, the one not 
carried by way of the blood to the arm, tends to 
increase the amount of exercise required to cause 
pain, and the other action, that mediated by some- 
thing transported by way of the blood to the arm, 
tends to decrease the amount of exercise required 
to cause pain. These actions do not appear clearly 
in every experiment but, considering the variables 
involved in such testing, these tendencies, it seems 
to us, are quite striking and surprisingly constant 
in the entire series. Considering the magnitude 


of the changes observed in most experiments, 
especially in the onset of the severer forms o 
pain, the facts as stated above seem to be beyon 
peradventure. 

The manner in which the exercise wUhoiit trap- 
ping augments the amount of exercise required to 
cause pain in the arm is not known. Severn po 
sibilities suggest themselves. It is possible that t ic 
effect is due to a change in the sensorium for per- 
ception of pain brought about by the mediation 
the blood passing to the brain from the exercising 
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legs. As mentioned above, it is impracticable to 
occlude the entire blood supply of the exercising 
legs. Hence diffusible materials from these parts, 
while kept out of the arm to be exercised, never- 
theless can pass to other parts of the body, in- 
cluding the brain. The threshold of pain-percep- 
tion may be raised in this way. A similarly blood- 
borne factor may affect the motor elements of the 
central nervous system so that the subsequent 
arm-exercise is carried out more efficiently as re- 
gards chemical change. Likewise an alteration 
may be produced by a reflex action either on tlie 
sensorium or motor elements of the central ner\-- 
ous system or on both. Still other possibilities 
exist which we are investigating. One thing, 
however, is certain, namely, that the augmenta- 
tion of the amount of exercise required to cause 
pain in the exercise xL’ithoul trapping is not due 
to any blood-bome substance carried to the mus- 
cles to be e.xercised. 

Making due allowance for this tendency to in- 
crease the amount of exercise required to cause 
pain, demonstrated in the exercise without trap- 
ping, in interpreting the results obtained in the 
exercise after trapping, brings out the action me- 
diated by the blood on the muscles of the arm. 
This latter action is to decrease the amount of 
exercise required to cause pain. In other words, 
these results indicate that a substance (s) diffuses 
out of the exercising muscles of the leg into the 
blood stream, is carried by the blood stream 
through the lungs and to the muscles of the arm 
where it diffuses out and adds its effects to those 
of the substance (s) formed in the exercising 
arm. The net result is that less pain-producing 
substance(s) needs to be liberated by the exercis- 
ing muscles of the arm to cause pain. 

The fact that the blood exhibiting this additive 
effect is being carried to the arm past the lungs, 
would rule out the possibility that the pain-pro- 
ducing substance(s) was volatile, viz. CO- or 
lack of 0-, since the former is eliminated from 
the blood and the latter is supplied to it before 
the blood reaches the arm. It must, therefore, be 
some nonvolatile substance {s) liberated during 
muscular activity.- 

-These results are consistent with the possibility that 
the action is not due to substances liberated by exercising 
muscle but to something removed from the blood during 


If, as our results indicate, the pain-produdng 
substance(s) is diffusible in and out of the blood 
stream, then it is probable that an attack of angina 
pectoris can be precipitated not only by the ac- 
cumulation of pain-producing substance (s) lib- 
erated b)' the heart during its contraction but also 
in part by the transport to the heart of such pain 
producing substance (s) from other parts of the 
body. Thus, during exerdse the pain produdng 
substance(s) liberated from the skeletal musdes, 
and in states of relative anoxemia from all parts 
of the body, pours into the blood stream and dif- 
fuses into the heart where it is added to that lib- 
erated by the heart. Since it is well known that 
the chemical exchange during exerdse, and to a 
lesser extent during anoxemia, is much more in- 
tense in the skeletal muscles than in the heart, this 
relationship is of practical importance. Thus, in 
angina of effort the attack may be due not only 
to the accumulation of pain-producing sub- 
stance(s) liberated by the heart itself but to 
transport of this substance (s) to the heart from 
the exerdsing skeletal musdes. 

IV. Is the pain-producing substance (s') acid in 
characierf 

The demonstration in the foregoing experi- 
ments that the pain-produdng substance (s) is 
diffusible and that it is not CO- or lack of O- 
limits the possibilities to two groups of substances 
formed during exerdse, viz. (1) add-metabolites 
such as lactic add and some of the phosphoric 
adds and (2) non-add metabolites such as cre- 
atinine. It is not practicable to test out the effects 
of these substances in man, and it is not easy to 
judge the reaction to pain in animals following 
injections. However, we felt that we could ap- 
proach the problem by studying the effect which 

exercise. This possibility is extremely tmlilxly, however, 
in view of facts previonsly established by us and by others 
in connection with the factor producing pain and in view 
of the well known fact that the alterations in exercise are 
due to liberated substances and not to deficiencies of sub- 
stances, unless one is inclined to press the point that the 
appearance of one substance is accompanied by the dis- 
appearance of another. The only substance known to be 
removed from the blood in appreciable quantities is Oj. 
This has been restored to the blood in our experiments 
during passage of the blood through the lungs. 
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the pain-producing substance (s) may be an acid 
metabolite, or at least one that operates by alter- 
ing the acid-base balance in and around the end- 
organs for pain, they should not be considered as 
in any sense final proof of this. Several other 
possibilities suggest themselves. The action of 
the sodium bicarbonate may be on the sensorium 
or on the motor elements of the central nervous 
system; in the former case, raising the threshold 
to pain perception, in the latter increasing the effi- 
ciency of the exercise in terms of amount of 
chemical change. It is unlikely that the reverse 
is true in the experiments with hypercapnia since 
the blood and tissues other than those of the exer- 
cising arm are probably restored to normal before 
pain appears, unless one assumes a long lag in 
the wearing off of the hypercapnic effects. A 
much more likely possibility is that if the pain- 
producing substance (s) is not acid in character 
then the CO 2 and NaHCOs alter the threshold of 
the endings for pain in the exercising arm and 
produce their effect in this manner. While these 
possibilities and probably others exist, we are 
strongly inclined to the view that the pain-produc- 
ing substance is acid in character and propose this 
as a working hypothesis until evidence is advanced 
to disprove it. In fact, we are tempted to specu- 
late, without warrant, that the substance may be 
lactic acid, the non-volatile acid formed in great- 
est amounts during exercise. It is interesting to 
note that Moore et al. (10) have found that acid 
substances, including lactic acid, when injected 
into the vessels of the limbs of animals produce 
responses indicating pain more easily than do 
other substances. 

There is, in any event, no doubt that COo and 
NaHCOg have an additive action with the pain 
producing substance (s) ; the COj acting in a 
positive, and the NaHCOs in a negative manner. 
This action appears to be on the acid-base balance, 
in that the effect may be produced by altering the 
buffering capacity of the tissues, by altering the 
pH of the tissues, or in both ways. 

The possibility of negative summation of the 
NaliCOs with the pain-producing substance was 
tested out on patients with intermittent claudica- 
tion and with angina pectoris in cooperation with 
Drs. Bohning, Gutman and Perlow. This experi- 
ment was suggested to us by Dr. Emanuel Lib- 


man when discussing our results with him. The 
results will be published later. Suffice it to say 
that the ingestion of large quantities of NaHCOj 
produced some relief of pain in patients with in- 
termittent claudication and with angina pectoris; 
this relief was not obtained with placebos used 
for control. This inference was based both on 
an estimate of the patient’s subjective reactions 
and on the effect of test exercises. The therapy 
was in no way a cure, but some relief seemed to 
be obtained in most of the subjects. 

Our results with NaHCOg in the exercise of 
the arm lends some support to the view expressed 
by Laplace and Crane (9) that in some instances 
the failure to develop anginal pain or pain in 
intermittent claudication may be due to the earlier 
onset of slight degrees of neuromuscular (and 
muscular) fatigue imposing a restriction on the 
work of the heart or muscles and so limiting the 
accumulation of the pain-producing substances (s). 
This may be one mode of action of NaHCOg. 
For example, in F. O., Figure 7, the NaHCOg 
caused so early an onset of neuromuscular fatigue 
in relation to the appearance of pain that the 
exercise was terminated by fatigue before any 
pain appeared. 

V. Does training modify the time of appearance 
of pain in exercising muscle f 

In the course of this study we had occasion to 
compare in the two arms the amount of exercise 
required to cause pain in seven normal subjects. 
All were right handed, except F. O. who was 
ambidextrous. The standard arm-exercise was 
carried out as in the previous tests at the rate of 
60 per minute and with cuff pressure 160 rnrn. 
Hg. The exercise of the two arms was carried 
out within 30 to 45 minutes of each other. 

The results are shown graphically in Figure 8 
and are in accord with those reported by Laplace 
and Crane (9). The left arm in all instances re- 
quired less exercise to cause pain and neuromus- 
cular fatigue than did the right. The reason or 
reporting this observation here is that it may a\e 
an important bearing on intermittent claudication 
and angina pectoris. The difference in the tu 
arms is undoubtedly associated with training, since 
clenching of the hand had been carried out m 



Fig. 8. Graphic Summarv of Results d Sevex Normal Subjects Show- 
ing THE Difference in the Amount of Exercise Required to Cause Pain in 
THE Right and Left Arms. 

Exercise was carried out as in experiments shown in Figure 1 ; exercise was at 
a rate of 60 contractions per minute and the cuff pressure was at 160 mm. Hg. 
The exercises of the two arms were carried out n-ithin 30 to 43 minutes of each 


other. The significance of the blocks etc. 

more frequently with the right hand than with the 
left in all of these subjects. 

. The manner in which this difference in onset 
of pain and fatigue is brought about is not en- 
tirely clear. Several possibilities exist. The dif- 
ference ma}" be due to a difference in the threshold 
of the end-organs for pain and of the myoneural 
junctions and effector nerve endings, respectively, 
or to the difference in mechanical effidencj- with 
which the trained right arm and untrained left do 
their exercises. Another possibility su^ested by 


is as in Figure 1. Discussed in text. 

our results with hj^iercapnia and ingestion of 
NaHCOj is that the difference h’es in the buffer- 
ing capacity of the two muscles. There is evi- 
dence to suggest that the buffering power of 
muscles is increased with training (11). 

The importance of avoiding unnecessary rest 
in patients subject to intermittent claudication or 
to anginal pain is evident from these results, and 
the importance of training in such patients is ob- 
■vdous. There is no doubt that if training is cau- 
tiously carried out the patient will be better able 
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to meet some of the demands which arise unavoid- 
ably in emergencies even when activity is limited. 

SUMMARY 

1, The main findings in this study with regard 
to the amount of exercise required to cause pain 
and fatigue in the muscles of the arm of normal 
subjects are : 

(a) Circulatory slowing caused a decrease in 
the amount of exercise required to cause pain, 
the effect being disproportionately greater at high 
degrees of circulatory slowing. The amount of 
blood trapped in the arm played an insignificant 
role. Circulatory slowing had its greatest effect 
at the fastest rates of exercise. 

(b) Increasing the rate of exercise led to a 
decrease in the amount of exercise required to 
cause pain when the circulation to the limb was 
unobstructed. Slowing the circulation led to a 
diminution of this effect of rate of exercise. This 
effect of rate of exercise disappeared when the 
circulation in the limb was stopped. 

(c) Exercise of a large group of muscles of 
the leg to the point of pain had a two-fold action 
on the amount of exercise required to cause pain 
in a subsequent arm-exercise; viz., (1) by an 
action on the central nervous system it augmented 
the amount of exercise required to cause pain and 
(2) by an action through transport of blood from 
the exercised legs to the muscles of the arm it 
decreased the amount of exercise required to cause 
pain. Special procedures were required to sep- 
arate these two effects. 

(d) Increasing the COj content of the blood 
in the arm decreased the amount of exercise re- 
quired to cause pain. Ingestion of large amounts 
of sodium bicarbonate increased the amount of 
exercise required to cause pain. Ingestion of 
sodium bicarbonate also tended to alleviate the 
pain of patients with intermittent claudication and 
of those with angina pectoris. 

(e) In right handed subjects less exercise was 
required to cause pain in the left than in the right 
arm. 

(/) The effects of these procedures on neuro- 
muscular fatigue were not related quantitatively 
to their effects on pain. With certain procedures, 
such as the ingestion of sodium bicarbonate, the 
effects were opposite. 


2. The significance of these results on pain and 
fatigue in muscle is discussed in the body of the 
paper. The salient conclusions from these ex- 
periments are: 

(a) The time allowed for recovery between 
contractions in a rhythmically contracting muscle 
alters the rate of accumulation of the substance (s) 
leading to pain, implying that the pain-producing 
substance (s) is a product of metabolic muscular 
activity. 

(b) The substance (s) causing pain diffuses 
into and out of the blood stream. It is non- 
volatile since it operates even after passing 
through the lungs. 

(c) The appearance of pain in muscle is de- 
pendent not only upon the local production of 
pain-producing substance (s) but to a certain ex- 
tent upon the transport of such a substance (s) 
from other regions. 

(d) This non-volatile pain-producing sub- 
stance (s) appears to be acid in character; at least 
its action is facilitated by acid and retarded by 
alkaline substances. 

(e) Acids and bases exhibit summation of 
effect with the pain-producing substance(s) by 
changing the pH of the end organs, by altering 
their buffering capacity, or in both ways. 

(/) Training tends to lessen the action of the 
pain-producing substance (s), probably by alter- 
ing the buffering capacity of the muscle con- 
cerned. 

(ff) The variability in the appearance of fa- 
tigue, which is independent of pain, plays an im- 
portant role in forestalling the appearance of 
pain under certain circumstances. 

3. The bearing of these findings on the ap- 
pearance of pain in angina pectoris and in inter 
mittent claudication is discussed at the end of 
each section. 

We are grateful to the volunteers, members of 
the Department, who undertook these exercises 
for us. 
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From previous studies (1, 2, 3, 4, 5) it now 
seems clear that one of the most striking changes 
found in the urine after the injection of para- 
th3Toid extract is the immediate increase in the 
absolute amount and in the concentration of inor- 
ganic phosphate. Goadbj' and Stacev' (6) have 
also emphasized the increased excretion of phos- 
phate after the administration of parathvToid ex- 
tract. In agreement with our experience, these 
observers did not find at any time an increase in 
the level of inorganic phosphorus in the plasma, 
but occasional!}’ noted a fall of that level after 
the excretion of increased amounts of inorganic 
phosphate in the urine. 

They were unable to prevent the rise in ex- 
cretion of urinary phosphorus by lowering the 
level of inorganic phosphate in the plasma with 
glucose administered at the time of the parathor- 
mone injection. The work of Goadby and Stacey, 
together with ours, serves to direct attention to 
the behaHor of the kidneys in response to para- 
thyroid extract. 

In 1934, while studying the phosphate excretion 
by the kidney, one of us (5) observed that, when 
urine specimens were taken hourly before and 
after the administration of parathyroid extract, 
the pH showed a tendency to shift definitely to 
the alkaline side during the first hours after the 
extract was given. In order to examine this ef- 
fect further it seemed advisable, although the 
bicarbonate of urine may be roughly estimated 
from the pH, to determine accurately the bicar- 
bonate content of the urine before and after giving 
parathyroid extract and to compare the magnitude 
of any change found with that of the inorganic 
phosphate. 

At the same time estimations of pH, sodium, 

^ This work was aided by a grant from the council on 
Pharmacy and Chemistry of the American Medical As- 
sociation. 


potassium, ammonium, phosphate, and chloride 
ions were made. As previous estimations have 
shown no significant alteration in urinary caldmn, 
in experiments of the duration of the present 
ones, urinary calcium determinations were not 
done. 

EXPEEIMENTAL 

The subjects of the experiment were four male 
patients; three (G., S., K.) were convalescent 
from respiratory’ infections and ready for dis- 
charge from the hospital, the fourth, M., was a 
patient who had been operated upon for hyper- 
thyroidism and who had developed hypoparathy- 
roidism after operation. AU patients were fasted 
and kept in bed for 12 hours before and through- 
out the duration of the experiment. Each patient 
was given 100 cc. of water by mouth each hour. 
Urine specimens in the three convalescent sub- 
jects were collected under oil, those of M. were 
not. The specimens -were collected hourly for 
three hours before and four hours after the in- 
travenous injection of 4 cc. of parathyroid extract 
(LiUy). 

The analyses were made by standard methods 
as follows: pH by the quinhydrone electrode 

(13) ; CO- content by the Van Slyke method 

(14) ; chloride by the Volhard-Harvey titration 

(15) ; ammonium by the Van Slyke and Cullen 
method ( 16) ; potassium by the Kerr modification 
of the Kramer-Tisdall method (17) ; phosphorus 
by the Fiske and Subbarow method (18) ; sodium 
by the Butler and Tuthill application of the 
method of Barber and Kolthoff (19). 

RESULTS 

In 1931, Albright, Bauer and Aub (7) made 
observations of the total acid-base balance in an 
individual receiving parathyToid extract. Their 
studies were made in three-day periods and their 
data include intake and output balances of many 
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of the electrolytes. They found an increase in 
water, chloride and total base of the urine during 
the periods of parathormone administration, as 
well as a decrease in the titratable acidity of the 
urine. In the periods studied by them, however, 
they concluded that the fluctuations, other than 
those of calcium and phosphorus, were probably 
not great enough to be “ fundamental,” although 
the decrease in water, total base and chloride 
excretion upon cessation of the administration of 


stitute two of the principal points which we wished 
to study. Also they conducted their experiments 
in three-day periods, whereas in the present ex- 
periments the urine specimens were collected 
hourly. Our results are shown in Table I. It 
will perhaps be advisable to discuss separately 
below, the various observations. 

Water. In all four subjects there was a dis- 
tinct diuresis during the first and second hours 
after the injection of parathormone. This is a 


TABLE I 


Urinary constituents in hourly specimens 



Volume 

Total inorganic phosphate J 

pH 

Subject* 

G. 

s. 

K. 

M. 

G. 

s. 

K. 

M. 

G. 

S. 

K. 

M. 

G. 

s. 

K. 

M. 

G. 

s. 

K. 

M. 

Hourly 

specimen 














■ 

■ 

■ 

■ 





CC, 

CC, 

CC. 

CC, 

mgm. 

mgm. 

mgm. 

mgm. 

tnM. 

mM. 

mM. 

mM. 

m.eq. 

m.eq. 

m.eq. 

m.eq. 





1 

105 

78 

77 


23.8 

12.2 


52.5 

0.76 


0.54 

1.4 

0.8 

0.6 

0.9 

2.2 

5.5 

6.8 

6.4 

6.4 

2 

125 

128 

68 


32.7 

12.9 

30.2 


1.05 

0.41 

0.78 

1.3 

1.2 

0.6 

1.2 

2.5 

5.8 

6.8 

,6.1 

6.9 

3 

122 

120 

163 


39.4 

9.2 

57.6 


1.26 


1.47 

0.9 

1.5 

0.5 

2.4 

1.9 

6.0 

7.1 

6.4 

7.2 









Parathyroid extract 4 cc. i.v. 








4 

235 

185 



84.7 

44.0 

88.2 

iiiiwi 

2.72 

1.40 

2.25 

2.6 

4.6 

1.9 

S.I 

6.2 

7.1 

7.2t 

7.4 

7.9 

5 

185 

112 


100 

80.9 

1 ^ 

138.5 

IoqII 

2.61 

1.90 

3.55 

2.6 

4.3 

3.2 

7.8 

6.2 

7.0 

7.3 

7.3 

8.1 

6 

50 

70 

39 

K1 

66.0 

46.7 


74.8 

2.14 

IHU 


1.9 

3.8 

2.5 

3.5 

4.6 

7.4 

7.0 

6.7 

7.8 

7 


28 

50 

IS 

68.4 






1.90 

0.8 

4.0 


2.7 

1.9 


6.6 

5.9 




Total chloride 

Total CO 2 

Total HCOj- IF 

Total Na 

Total K 

Total NHi 

Titrat- 
able acid 
to pH 
8.0 

Subject 

G. 

S. 

m 

M. 

G. 

s. 

K. 

G. 

s. 

K. 

G. 

K. 

M. 

G. 

K. 

G. 


M. 

K. 

Hourly 

specimen 




■ 







■ 

n 

■ 

m 

■ 

■ 

1 

■ 


1 

2 

3 

15.2 

18.5 

20.5 

m.eq. 

10.8 

13.9 

12.4 

m.eq. 

12.6 

10.1 

11.8 

m.eq. 

11.8 

12.2 

11.4 

mM. 

0.10 

0.17 

0.20 

mM. 

0.28 

0.58 

0.99 

mM. 

1.0 

0.3 

0.8 

m.eq. 

0.02 

0.06 

0.09 

m.eq. 

0.24 

0.49 

0.90 

m.eq. 

0.67 

0.15 

0.53 

m.eq. 

9.8 

12.2 

15.2 

m.eq. 

8.6 

7.7 

9.0 

m.eq. 

12.1 

10.2 

7.2 

m.eq. 

3.4 

5.0 

5.6 

m.eq. 

6.0 

4.1 

5.9 

m.eq. 

1,5 

1.1 

1,0 

m.eq. 

0.8 

1.0 

1.1 

m.eq. 

2.6 

1.5 

1.0 

CC.NH0 

5.5 

11.7 

14.0 


Parathyroid extract 4 cc. i.v. 


4 

5 

6 
7 


21.3 

9.0 

5.0 


11.6 

10.8 

8.6 


18.7 

17.1 

6.00 

1.70 

8.0 

5.40 

1.60 

7.60 

20.4 

18.0 

21.3 

11.5 

12.7 

11.4 

8.5 

3.10 

2.00 

4.8 

2.70 

1.90 

4.50 

9.8 

12.8 

14,7 

7.4 

10.3 

4.0 

4.4 

0.80 

0.60 

0.6 

0.76 

0.50 

0.48 

5.7 

5.4 

8.1 

5.4 

3.4 

4.9 




0.1 



0.04 





3.5 


0.1 

1.0 

0.5 


0.6 ! 

0.4 

0.9 

0.1 

0.6 

0.4 

1.3 



7.1 

2.0 

13.4 

27.0 


* No provision made in Patient M. for preventing escape of COj from urine specimens. r i o ocr 

t This value not determined; approximate value estimated from total HsCOj and average free Cuj oi i.y m • y 


M. ea. of total inorganic phosphate calculated from mM. of total inorganic phosphate and determined pH values. 
HCOj" calculated from pH and total CO2 (HCOj" -f H-COj) using chart from Peters and Van Slykc (1 )• 


parathyroid extract was sufficient to cause them 
to comment upon the fact. Our experiments 
differ very distinctly from theirs in several ways. 
Albright, Bauer and Aub did not determine the 
bicarbonate or the pH of the urine, which con- 


well-known effect. It does not occur invariably 
by any means (5), but is very often found. 
period of diuresis in the four subjects was fol- 
lowed by a period of decreased urine volume. ^ 
Inorganic phosphorus. As in previous c.xperi 
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cnce, a prompt and vcrj- definite increase in the 
excretion of inorganic phosphate followed the 
injection of the hormone. This is shown in the 
table in milligrams, millimoles and in milliequiva- 
lents per hour. The increase in the 4th, 5th, and 
6 th hours of the experiment is shown clearly in 
all forms of recording. As the urine becomes 
more alkaline the ratio of HPO 4 to H-PO^ in- 
creases so that, when expressed in milliequivalents, 
the increase in phosphate excretion appears most 
striking. In the four experiments, although a 
diuresis occurred at the same time, the increase in 
inorganic phosphate was sufficient in nearly all 
specimens, taken after the extract was given, to 
produce an increase in the concentration as well 
as total amount. In former experiments (5), it 
was shown that even when th'e urine volume was 
smaller before the extract was injected than after- 
wards there was still a great increase in the excre- 
tion of phosphorus. This excretion is apparently 
not simply a washing out of phosphate in the 
process of diuresis. 

pH, In three of the four subjects, there was 
a veiy distinct shift of the urine pH to a more 
alkaline range following the injection of para- 
thormone. In the fourth subject, S., before the 
extract was given, the pH had risen to 7.1. The 
urine became sb’ghtly, but not remarkably, more 
alkaline following the administration of the ex- 
tract. Some unpublished data on individuals with 
alkaline urine show that when the urine is already 
alkaline (pH > 7.2) it does not usually become 
more alkaline after the injection of parathyroid 
extract. In Subject M. no provision was made to 
prevent the escape of CO, from the urine samples. 
Loss of CO, probably accounts in part for the 
very unusual alkalinity obtained ( 8 ). 

Bicarbonate. Since it has been shown ( 8 , 9) 
that alkaline urine contains more bicarbonate than 
add urine it would perhaps be antidpated, from 
the pH changes, that the bicarbonate of the urine 
would be increased after the injection of para- 
thyroid extract. The bicarbonate of the urine in 
the three individuals in whom it was studied 
showed a marked rise particulmly in Subjects G. 
2 nd K. The increase lasted two hours in both 
of these. The decrease in the third hour follow- 
ing the injection of extract was as abrupt as the 
rise had been in the first and second hours. When 


the magnitude in milliequivalents of the bicar- 
bonate excreted is compared with that of phos- 
phate the two are seen to be of the same order. 
If the increase in excretion of bicarbonate should 
be found to endure characteristically for two 
hours, it might be said that the phosphate increase 
lasted longer. In the four experiments of this 
report the increase of phosphorus excreted in the 
urine lasted at least three hours. In other ex- 
periments (4) it has lasted five hours or more. 
The fact remains, however, that during the two 
hours following the injection of parathormone the 
excretion of bicarbonate rose and its total quan- 
tity in milliequivalents per hour was comparable 
to that of inorganic phosphate. 

Chlorides. The alterations in chloride values 
in the urine after the injection of parathormone 
were somewhat indefinite. In the first hour after 
the injection, in two subjects there was no change; 
in tivo, a defim'te increase over the control hours. 
In the second hour after the injection all the 
values were lower than those for the first hour, 
whereas in three of the four the \'a]ues for the 
second hour after the injection of extract were 
lower than the control values. This decrease in 
chloride excretion in the second hour folloumg 
injection was observed in the cases formerly re- 
ported (5). Although the chlorides at first glance 
appear to follow the volume of urine, there is 
actually considerable variation in the concentration 
of chloride in the various specimens. 

Sodium and potassium. The three subjects in 
whom observations were made all showed a defi- 
nite increase in the output of sodium after the 
injection of parathormone. This was mainly ob- 
served in the first and second hours after the ad- 
ministration of the extract. The excretion of 
potassium (two subjects obseiwed) also increased, 
but somewhat less markedly than that of the so- 
dium. The concentration of sodium, as well as 
the total amount, underwent considerable change. 
The amoxmt of potassium excreted seemed to 
vary fairly closely with the volume of urine. 

Ammonium. In the three subjects studied for 
the ammonium ions, the excretion in the three 
hours following the injection of parathjToid ex- 
tract was always someivhat less than in the con- 
trol hours. In no specimen did it rise above the 
control level. There was certainly no eridence 
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of increased ammonia production by the kidney 
during the experiments. 

When the sum of the cations^ ammonium, so- 
dium and potassium, in miliiequivalents in any 
specimen is compared with the sum of the anions, 
the primary and secondary phosphate, bicarbonate 
and chloride, it is seen (Table II) that (except 


TABLE II 

Slims of principal anions and cations excreted per hour 


Hourly 

specimens 

Na+ + K+ + NHi+ 

1 M. eq. total 



HPOr + HiPOi- + CL- 
+ HCOa- 
M, eq. total 

Subject 

G. 

K. 

G. 

K. 

1 

14.7 

1S.4 

16.0 

14.2 

2 

18.3 

12.8 

19.1 

11.5 

3 

21.8 

16.0 

22.1 

14.7 


Parathyroid extract 4 cc. 

i.v. 

4 

32.0 

31.3 

31.8 

31.4 

5 

18.2 

24.0 

16.0 

23.7 

6 

11.6 

9.4 

9.6 

8.0 


for G., hour 5, where the difference is 2.2 m.eq.) 
the difference of the sums is less than 2,0 m.eq. 
Without the sulphate and organic acids, magne- 
sium and calcium figures (which are all in the 
normal individual less than 1 m.eq. per hour) no 
deductions may be made, but the comparison of 
the above sums shows that the principal anions 
and cations balanced roughly. 

DISCUSSION 

Without drawing definite conclusions from the 
data at hand, certain lines of thought are sug- 
gested and some points may bear emphasis. Fol- 
lowing the injection of the parathyroid hormone 
there was a tendency for an acid urine to change 
abruptly to a more alkaline range. This change 
in pH was sometimes as much as 1.0 or even 
more. Accompanying this there was a great ex- 
cretion of bicarbonate for two hours, such as is 
commonly found in alkaline urines. The excre- 
tion of inorganic phosphate was, as before ob- 
scn,'ed, very much increased after the injection 
of parathormone. With the change in pH rela- 
tivelv more secondary phosphate ions were ex- 
creted. and the amount of phosphate in neutraliz- 
ing (or base-matching) miliiequivalents was very 
much increased after the injection of the hor- 


mone. The chlorides showed a rather indefinite 
trend. Following the injection of the hormone 
large quantities of base were excreted, particu- 
larly in the first hour, when the chloride excretion 
was the same or higher, the phosphate and bi- 
carbonate much higher, than in the control hours. 
The total base was sufficiently in excess of the 
acid radicles, of course, to make the urine alkaline. 
As it has been shown before that calcium ex- 
cretion does not increase in the first hours after 
the injection of parathyroid extract (and prob- 
ably magnesium does not), the increased base 
excreted might have been any of the ions, sodium, 
potassium or ammonium. In the present experi- 
ments the ammonium ions certainly did not in- 
crease. The potassium increased moderately, 
roughly corresponding to the water, while the 
sodium showed in one instance a definite increase; 
in two instances, a large increase. 

The foregoing observations give rise to two 
suggestions regarding the behavior of the kidneys 
after the injection of parathyroid extract. The 
first is that increased amounts of acid might be 
primarily excreted as a result of the action of the 
hormone. It has already been suggested by one 
of us (4) that the renal threshold for phosphate 
might be lowered by the hormone. The present 
experiments indicate that if the renal threshold is 
lowered for phosphate, it must also be lowered cor- 
respondingly for bicarbonate. Against the sugges 
tion that the parathyroid hormone causes a pri- 
mary increase in the excretion of phosphate an 
bicarbonate are two points. One of these is that 
the primary excretion of acid usually results m 
an acid urine, whereas the urine specimens con- 
taining the increased amount of phosphate an 
bicarbonate in the present instance were alkaline. 
In fact, the actual presence of large amounts o 
bicarbonate in the urine is very much against 
primary acid excretion. The other point ve y 
much against it is that an increase in the exc^ 
tion of acid is, as a rule, accompanied by an in- 
creased production of ammonia by the kidney 
The ammonia production in the present 
ments decreased, in fact, after the parat orm 
was given and during the hours when bicarbona 
and phosphate were excreted in larger ^^mounts. 

The second suggestion ffiat 
present and previous experiments is t at 
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istration of the parathyroid hormone might result 
in an increase primarily in the excretion of fixed 
base, particularly sodium, and that bicarbonate 
and phosphate accompany secondarily the increase 
in sodium excretion. This is a very tempting hj'- 
pothesis, as it would explain the alkaline urine, 
the decrease in ammonia production, the bicar- 
bonate and secondarj- phosphate excretion. 

In view of the recent work of Loeb, Atchle}*, 
Benedict and Leland (10) and of Harrop, Soffer, 
Eiiswortli and Trescher (11) showing that so- 
dium is lost through the urine when the animal is 
deprived of adrenal cortical hormone, the sug- 
gestion might be made that the parathyroid hor- 
mone may have an effect opposite to that of the 
adrenal cortical hormone, in produdng an increase 
in the output of base, particularly sodium, in the 
urine. 

SUMMARY 

1. The effect of the injection of parathyroid 
extract upon certain electroljTes of the urine was 
obseived in four human subjects. 

2. There was a tendency for the urine to be- 
come more alkaline after the injection of the ex- 
tract. 

3. There was not only an increase in the ex- 
cretion of inorganic phosphate, as noted pre- 
viously, but a marked excretion of bicarbonate 
as well, after the administration of the hormone. 

4. There was a slight decrease in ammonium 
ions in the urine whereas the excretion of potas- 
sium and particularly of sodium ions was very 
much increased after the injection of parathor- 
mone. 

5. The theoretical implications of these ob- 
servations is briefly discussed. 
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Sugg and Harris and their respective cowork- 
ers were the first to study extensively the im- 
munologic properties of a strain of pneumococcus 
closely related to, but not identical with, tj'pical 
strains of Type III pneumococci (1, 2). The 
“ Thomas ” strain of these workers now can be 
classified definiteh- as a Type VIII pneumococcus, 
according to the classification of Cooper et al. (3). 
Both the Thomas strain and the Tj'pe VIII 
strains were shown, by these respective investi- 
gators, to 'produce in certain animal species anti- 
bodies of high titer against tv’pical strains of Type 
III pneumococci. The titers were sometimes 
higher than the notoriously low homologous anti- 
body titers obtainable by the injection of topical 
T\pe III strains. The redprocal serological re- 
lationships between tjpfcal Tj’pe III strains and 
the related Type VIII strains were demonstrated 
with regard to passive protection in mice, aggluti- 
nation, and precipitation. Antibody relationships 
similar to those described in the sera of lower 
animals were shown, by Finland and Winkler 
(4), to occur also in the sera of certain human 
subjects during convalescence from pneumonia 
<lne to these tj-pes. With regard to “natural 
antibodies,” as measured by the pneumococcidal 
power of the whole defibrinated blood or the pro- 
tection afforded mice by the serum of normal 
human subjects, Finland and Sutliff found no 
such reciprocal relationship (5). 

The specific carbohydrate from Pneumococcus 
Type VIII was recently isolated and its proper- 
ties described by Brown (6). She found marked 
cross-precipitation between this carbohydrate and 
that of the T3'pe III pneumococcus. In view of 
this finding and because of the poor antibod}' re- 
sponse of human subjects to injections of the 

" This mvestigation was aided, in part, by a grant given 
in honor of Francis Weld Peabody by the Ella Sachs 
Plotz Foimdation, 


Type III polysaccharide (7), it seemed of interest 
to study the effect of injections of the Type VTII 
carbohydrate. This paper deals with the anti- 
body responses to such injections and a compari- 
son of them with the results of similar injections 
of different preparations of the spedfic Tj'pe III 
polysaccharide. Variations . in the antibody re- 
sponse due to differences in dosage and in the 
route of injection are dealt with in a separate 
communication (S). 

EXPERIMEICT.\L 

Subjects, materials and methods 

The Tj-pe VIII carbohydrate was obtained from Dr. 
Rachel Brown and was, in most respects, similar to the 
preparation which she described (6). Her analysis 
showed it to contain 0.72 per cent nitrogen, 0.11 per cent 
phosphorus, 39.69 per cent carbon, 6.15 per cent hj-dro- 
gen, and 6.37 per cent ash- It yielded 69.5 per cent re- 
ducing sugars after acid h 3 -drolj'sis. It precipitated the 
homologous type antiserum in a dilution of 1 : 4,000,000 
and Tj^pe III antiserum in a dilution of 1 : 2,000,000. In 
the presence of the homologous immune rabbit serum, ft 
fixed complement. Mice injected with amounts varying 
from 0.1 to 0.000001 mgm. were not protected against 
subsequent injections of culture. Most of the prepara- 
tions of the Tj-pe III ixjl\'saccharide have been used in 
previous immimization studies (7, 9). 

The subjects were adult hospital patients who were 
free from recent febrile diseases. Each individual re- 
ceived a single subcutaneous injection of 1.0 mgm. of 
one carbohydrate preparation over the deltoid insertion. 
This dosage and route were found to yield the best re- 
sults with the Tj-pe VTII material (8). No local or 
general reactions occurred following anj- of the injec- 
tions. Blood for the study of antibodies was drawn be- 
fore and at intervals after injections. Phagocytosis was 
studied by a method similar to that used by Ward and 
Enders (10). Agglutinins were determined by the tech- 
nique emploj'ed bj' Tillett and Francis (II), and the 
mouse protective titer was obtained b;.’ the method of 
Dochez (12). Organisms of maximum virulence were 
used throughout the experiments. 
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RESULTS 

Homologous antibody response elicited by the 
Type VIII carbohydrate 

The results of tests for the development of ag- 
glutinins, mouse protective antibodies and opso- 
nins for the homologous type of pneumococcus in 
the 12 subjects who received a single subcutaneous 
injection of 1.0 mgm. of the Type VIII carbo- 
hydrate are shown in Table I. They indicate that 
an appreciable titer of the antibodies was stimu- 
lated in each instance. The response was demon- 
strated with greater regularity in these subjects 
than in patients recovering from pneumonia due 
to the same type of organism. The maximum ti- 
ter of antibodies was reached in about 2 weeks 
and was maintained, approximately at this level, 
throughout the period of observation in 4 subjects 
whose sera were studied 6 to 8 weeks, and in 2 
subjects almost 5 months after the injection. In 
1 subject (J. N.) a drop in titer occurred between 
the 49th and the 121st day, no blood having been 
obtained in this interval. 

Homologous antibody response to injection of 
Type HI polysaccharide 

In previous attempts to immunize human sub- 
jects with Type III pneumococcus polysaccharide, 
single or multiple doses of 0.01 to 0.05 mgm. were 
given intracutaneously (7). In view of the more 
constant and higher grade response obtained by 
subcutaneous injections of 1.0 mgm. of the Type 
VIII carbohydrate, a study was made of the re- 
sponse of human subjects to Type III materials 
given in this manner. A single injection of 1.0 
mgm. of one of 6 preparations of the Type III 
carbohydrate was given subcutaneously to each of 
41 subjects, and the antibody response in them 
was studied in a manner similar to that employed 
for the Type VIII cases. 

The results are summarized in Table II. In 
general, inconstant and low-grade responses were 
secured. They were similar to those previously 
obtained with the smaller doses given intracuta- 
neouslv (7) and somewhat less marked than those 
observed to develop in patients recovering from 


pneumonia due to the same type of pneumococcus 

( 4 ). 

TABLE I 


Antibody response to subcutaneous injection of 1.0 mgm. 
of Pneumococcus Type VIII soluble specific substance 




Titer of Type VIII antibodies 


Subject 

8ge 

Days 

after 

injec- 

tion 



Phagocytosis 


Agglu- 

tinins 

(serum 

dilution 

Mouse 
protection 
(Fatal 
doses per 
0.2 ce.) 

(Average 

number 

diplococci 

per 

polymorpho- 

nuclear 

Type III antibodies 





leukocyte) 


A.S. 

0 

0 


1.5 

No change 

M 22 

3 

0 

10 

0.9 



7 

0 

100 

4.0 



14 

1:4 

1,000,000 

9.4 



24 

1:4 

1,000,000 

16.8 



50 

1:8 

10,000,000 

12.2 


F.C. 

0 

0 

0 

2.0 

No change 

M 45 

3 

0 

10 

2.9 



7 

0 

1,000 

6.2 



14 

1:2 

1,000,000 

— 



31 

1:4 

100.000 

18.8 



50 

1:4 

100,000 

11.6 



146 

0 

100,000 

13.1 


PR 

0 

0 

0 

0.5 

Protection: before = 0 

F 39 

3 

0 


1.4 

14th day 1000 fatal doses 

7 

1 • 9 

1,000 

21.1 

28th day 0 


14 

1:16 

1,000,000 

11.5 

No other change 


28 

1:8 

1,000,000 

21.8 



47 

1:8 

1,000,000 

11.6 



143 

1:8 

100,000 

31.8 


M.MoG. 

0 

0 

100 

2.8 

Phagocytosis increased 

F 35 

3 

0 

10 

1.4 

from 0.6 to 2,8 

7 

1:2 

10,000 

21.4 



14 

1:8 

10,000.000 

10.4 



63 

1:16 

1,000,000 

19.2 


WK M 

0 

0 

0 

0.7 

Protection: before = 

M 68 

s 

15 

0 

1 ' 2 

10.000 

100,000 

3.3 

11.8 

10 fatal doses 

25th and 44th day = 


18 

1:4 


9.8 

100 fatal doses 


25 

1:4 

100,000 

16.4 



44 

1 : 4 

1,000,000 

16.0 


J.P.C. 

0 

0 

10 

1.1 

No change 

M 02 

8 

1:2 

1,000 

16.2 


15 

1: 10 

10,000 

11.2 



61 

1:4 

100,000 

— * 

— 

8.B. 

0 

0 

0 

6.8 

No change 

F 69 

7 

0 

0 

7.6 


14 

1 ;2 

0 

26.8 



19 

1:2 

100 

38.2 



28 

1:8 

100 

30.0 


s.v.c. 

0 

0 

10 

6.0 


F 79 

7 

0 

100 

4.0 


10 

1:4 


14.0 



14 

1:4 

1,000,000 

19.5 


J.N. 

0 

0 

0 

2.5 

No change 

M 40 

49 

1:8 

100,000 

7.7 


121 

1:2 

10 

2.8 



131 

1:2 

100 

1.3 



E.J.B. 

0 

1:2 

10 

6.2 


M 75 

7 

1:2 

100 

4.0 


14 

1:4 

100,000 

19.9 



M.K. 

0 

0 

0 

2.0 

No change 

F 62 

3 

0 

10 

1.6 


7 

0 

10.000 

19.6 



11 

32 

1,000.000 

13.0 

— — — 

K.R. 

0 

0 

0 

1.3 

No change 

M 01 

8 

1:2 

0 

16.0 


25 

1:4 

1,000 
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TABLE ir 

Antibodies against Tyfe III and Type VIII pneumococci 
resulting jrom a single subcutaneous injection 0 } 1.0 
mgm. of the polysaccharides of these organisms 



Sea- 

bcr 

Kumber showis. 

;; bertuc! b titer of antibodia 


Moujc protectioat 

P5ia?ocytofat 



rob- 







1 








jeeta 









0 

2 

6 


Tj-rt 

Lot 


0 

2 

4 

S-H 

0 

10 

100 

1000 + 

to 

to 

to 

11+ 












1 

5 

10 



Type WII eatibodies 


\TII 

wso 

12 

0 

1 

4 

7 

0 

0 

1 

11 

0 

1 

0 

11 

m 

WSlc 

8 


1 

0 

0 

5 

2 

1 

0 

5 

3 

0 

Q 

in 

FS3 

6 

6 

0 

0 

0 

4 


0 

0 

4 

1 

0 

1 

III 

WC 

6 

5 

1 

0 

0 

3 

3 

0 

0 

4 

2 

0 

0 

111 

R3 

5 

2 

1 

I 

1 : 

3 

1 

0 

111 

2 


0 

1 

ni 

FA 

8 

4 

3 

I 

0 

C 

1 

0 

1 

4 

2 

2 

0 

in 

FB 


5 

0 

2 

0 

4 

s 

0 

0 

3 

i 

1 

2 

All Type in Iota 

40 

29 

6 

4 

1 

25 

12 

1 

2 

22 

It 

_ 

3 

4 


Type ni aatibodiea 


vm 

WS3 

12 

12 

0 

0 

0 

10 

I 

0 

I 

n 

I 

0 

0 

III 

WSIe 

9 

6 

1 

1 


3 


2 

3t 

3 

1 

3 

2^ 

m 

FS3 

6 

S 

0 

0 


3 

0 

0 


s 

1 

0 

u 

ni 

WC 

6 

S 

0 

1 

0 

2 

0 

2 

2ti 

4 

1 

1 

0 

ni 

RS 

s 

3 

1 

0 


i 

1 

2 

HI 

3 

1 

0 

1 

in 

FA 

s 

6 

0 

1 

1 

2 

4 

0 

0 

6 

1 

1 

0 

III 

FB 

7 

3 

0 

1 

3tt 

2 

1 

1 

3!: 

3 

1 

1 

2 

AD Type m lots 

41 

2S' 

2 

- 

■ 

13 

1. 

7 

12 

24 

6 

6 

5 


* 0, 2, etc. = no increase, twofold increase, etc., in high- 
est dilution showing agglutination. 

T 0, 10, etc. = 0, tenfold, etc., increase in fatal doses of 
protection. 

$0 to 1, 2 to 5, etc., = increase in average number of 
diplococci phagocyted per polymorphonuclear leukocj-te. 

§1:32. 

II 1,000,000 fatal doses. 

H Serum of same subject increased 16-fold in protection 
and an average of 22 diplococci per poIjTnorphonuclear 
leukocj-te. 

** 16-fold increase, 

ti 1 increased 16-fold, another 32-fold. 

tt 10,000-fold increase. 

§§ 2 increased 10,000- fold. 

Antibodies for (he heterologous but related type 

following an injection of the Type III or the 
Type VIII pneumococcus carbohydrate 

The sera of all of the subjects receiving an in- 
jection of either the Type III or the Type VIII 
carbohydrate were tested for antibodies against 
both tv-pes of organism. The results are sum- 
marized in Table II. Only 1 of the subjects 
(F- S.) injected with the Tj-pe VIII material 
showed an appreciable development of antibodies 


for the Type III organism. Other subjects, as 
described in the paper that follows (8), w'ere en- 
countered whose sera showed Type III antibodies 
in low titer following the injection of the Type 
VIII material in different amounts or by' routes 
other than the subcutaneous one. 

The Type III preparations used were all simi- 
lar in their antigenicity as regards both the homol- 
ogous and the related type of antibody. Anti- 
bodies of significant titer against Type VIII 
following injections of Type III polysaccharide 
were infrequent. Low titers of such antibodies, 
however, were demonstrated in almost half of 
the subjects who received Ty-pe III materials. 

The findings described indicate that the com- 
mon antigen of the Types III and VIII pneumo- 
cocci is retained, at least in part, in these highly 
purified fractions. Less of it is retained in the 
Type VIII than in the Type III materials. In 
either case, however, the antibody response to the 
related type was less frequent than that following 
injections of the intact organisms in lower ani- 
mals (1, 2, 3), or than that found in patients 
recovering from pneumonia due to these types 

(4). 

Development of antibodies against heterologous 
and unrelated pneumococcus types 

The development of antibodies for heterologous 
types of pneumocoed has been reported to follow 
injections of Type I and II pneumococcus frac- 
tions in low’er animals (13) and in human beings 
(14). In the present investigation, in addition to 
tests for antibodies against the homologous and 
the related types of organisms (Type III and 
Type VIII), similar tests were carried out on the 
sera of each subject with either Type I or Type 
II pneumococci. None of the subjects who re- 
ceived Type VTII injections showed any increase 
in antibodies against either of these types by any 
of the tests employed. Among those recemng 
the Type III polysaccharide, 3 subjects developed 
or increased their titer of antibodies against an 
heterologous type as shown by mouse protection 
and phagocytic tests. Agglutinins did not appear 
in the serum. Only 1 of the 3 subjects developed 
Type VIII antibodies. 

One subject received 1.0 lugm. of Tj-pe III preparation 
FA and developed antibodies as follows : TiT^e III ag- 
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glutinins appeared in dilution of 1:8, mouse protection 
against 10,000 fatal doses and an increase in phagocytic 
titer from 0.8 to 10.3 diplococci per polymorphonuclear 
leukocyte ; Type VIII agglutinins increased from 1:2 to 
1 : 8, protection from 10 to 10,000 fatal doses and the 
phagocytic titer from 0.5 to 7.0; Type I protection in- 
creased from 1000 to 100,000 fatal doses and the phago- 
cytic titer from 13.4 to 23.5. In a second subject receiv- 
ing the same material no Type III or VIII antibodies 
appeared, but the protective titer of the serum against 
Type I increased from 10 to 10,000 fatal doses and the 
phagocytic titer for this type increased from 1.9 to 22.4 
diplococci per polymorphonuclear leukocyte. A third sub- 
ject who received preparation RS developed protective 
antibodies against 100 fatal doses of Type III and against 
1000 fatal doses of Type II pneumococci. The phago- 
cytic titer increased only against Type II pneumococci, 
the titer being 1.7 before and 16.7 after the injection. 

These findings indicate that a species antigen 
may be present in the pneumococcus but that it is 
largely lost in the process of preparation of the 
carbohydrate fractions (cf, 15). In the case of 
some of the Type III preparations, the data sug- 
gest that sufficient of this species antigen was re- 
tained to give rise to Type I or Type 11 anti- 
bodies in measurable amounts in an occasional 
subject. 


SUMMARY 

1. High titers of antibodies against the homolo- 
gous type were demonstrated regularly in human 
subjects following the subcutaneous injection of 
1.0 mgm. of a highly purified, type-specific carbo- 
hydrate of Pneumococcus Type VIII. 

2. Various preparations of the Type III pneu- 
mococcus polysaccharide, given in the same man- 
ner, produced antibodies for the homologous type 
with less regularity and in lower titers, 

3. Occasional subjects injected with Type III 
or with the related Type VIII pneumococcus car- 
bohydrate developed antibodies against pneumo- 
cocci of the heterologous but related type. Such 
cross-immunity, however, was less frequent and 
of a lower grade than that encountered either in 
animals immunized with the whole organism or 
in human patients recovering from pneumonia 
due to these types of pneumococcus. 

The authors express their gratitude to Dr. 
Rachel Brown and Dr. Augustus B. Wadsworth 
for providing most of the carbohydrate prepara- 
tion and for their kindly interest. 
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The readiness with which immune bodies could 
be demonstrated in human subjects following the 
injection of the specific carbohydrate of the Type 
VIII pneumococcus (1) offered an opportunity to 
study, in man, the effect of dosage and of the 
route of injection upon antibody production with 
a carbohydrate antigen. Although numerous in- 
vestigators have made similar studies with whole 
bacterial antigens in lower animals and in man, 
no data are available concerning the comparative 
antigenic activitj’, in man, of purified bacterial 
fractions given in different amounts or by dif- 
ferent routes. The development of antibodies 
following injections of t)-pe-specific polysaccarides 
was first demonstrated by Francis and Tillett (2) 
in the course of their investigations on cutaneous 
reactions in lobar pneumonia. 

E.XPERI MENTAL 

Subjects, materials and methods 

The subjects chosen lor this investigation, the Type 
\TII pneumococcus specific carbohydrate used, and the 
methods employed for the antibody studies have been de- 
scribed in the previous communication (1). Except in 
the subjects included in that report, phagocj-tic tests were 
performed irregularly. Only the results of the tests for 
agglutinins and mouse protective antibodies, therefore, 
will be considered here. 

The intracutaneous injections were made into the volar 
aspect of the forearm, the subcutaneous ones over the 
deltoid insertion, and the intravenous doses were given 
into the antecubital vein. Because antibodies were often 
stimulated by minute amounts of the carbohydrate given 
intracutaneously, special precautions were taken, in mak- 
ing the intravenous injections, to avoid getting any of the 
material into or under the skin. This was done by at- 
taching the syringe containing the carbohydrate solution 
to the needle only after a free flow of blood was obtained, 
Md then, following the injection, drawing some blood 
into the sjTinge before the needle was withdrawn. All of 
the injections were made with the carbohydrate in solu- 
tion in physiological saline which was especially prepared 


^ This investigation was aided, in part, by a grant given 
in memory of Francis Weld Peabody by the Ella Sachs 
Plotz Foundation. ' 


(3). The intracutaneous injections were made in 0.1 cc. 
amounts. All other injections were in 1.0 cc. amounts 
except the 5.0 mgm. doses, which were given in a volume 
of 1.25 cc. No local or general reactions followed any of 
the injections. 

RESULTS 

In Table I, in the previous communication (1), 
there are tabulated the homologous type-spedfic 
antibody titers of each of the bloods obtained 
from subjects who received 1.0 mgm. of the Type 
VIII carbohydrate subcutaneously. The results 
of the studies of the individual sera in the re- 
mainder of the subjects now under consideration 
corresponded, in a general way, to those shown 
in that table. For the sake of bredty, and because 
the major interest in this paper lies in a com- 
parison of the antigenic effects that variations in 
the dose and route of injection have upon the 
development of antibodies, only the antibody titers 
of the sera obtained before injection and the ones 
showing the maximum titers after injection in 
each subject will be noted. These titers in each 
of the individuals receidng various doses of the 
carbohydrates of the Type VIII pneumococcus by 
the intravenous, subcutaneous or intracutaneous 
route are shown in Table I. The maximum ac- 
cretions in titer of agglutinins and mouse protec- 
tive antibodies are represented graphicall}' in Fig- 
ures 1 and 2, respectively, in such a way as to 
make possible a comparison of the antibod)' re- 
sponse to each of the various doses. While the 
number of subjects in each group is small, the 
trends are apparent and worth noting. 

The results of the studies, shown in the table 
and figures, may be summarized briefly: 1. Each 
of the doses tested, which ranged from 5.0 mgm. 
to 0.001 mgm. intravenoush*, from 1.0 mgm. to 
0.001 mgm. subcutaneously, and from 0.15 mgm. 
to 0.0001 mgm. intracutaneously, stimulated in 
some subjects an appreciable titer of the homol- 
ogous tj'pe-spedfic antibody. 2. In general, re- 
gardless of the route of injection, when decreasing 
833 
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TABLE I 


TABLE I {continued) 


Homologous type antibody response to single injections 
of Type VIII soluble specific substance 


Subject 

! 

Sex 

Age 

Amount 

injected 

Agglutinins 

(serum 

dilution) 

Mouse protection 
(fatal doses per 

0.2 cc.) 

t Be- 
1 fore 

After 

Before 

After 



yeaM 

mgm. 






A. Intravenous 


H.J.B 

M 

56 

5.0 

1:2 

1 

: 64 

100 

1,000,000 

J.B 

M 

45 

5.0 

0 

1 

: 8 

1,000 

1,000,000 

M.A 

F 

79 

5.0 

0 


0 

0 

0 

T.N 

M 

69 

5.0 

0 


0 

0 

0 

LC 

F 

44 

5.0 

0 


0 

0 

0 

F.K 

M 

61 

5.0 

0 


0 

0 

0 

C.D 

M 

54 

1.0 

0 

1 

: 16 

0 

100,000 

W.P.B 

M 

59 

1.0 

0 

1 

: 8 

0 

100,000 

T.T 

M 

73 

1.0 

0 

1 

: 128 

100 

100,000 

C.McF 

F 

29 

1.0 

0 

1 

: 4 

0 

100,000 

D.B 

F 

65 

1.0 

0 

1 

: 16 

10,000 

1,000,000 

D.L 

M 

71 

1.0 

0 

1 

: 4 

0 

1,000 

T.R 

M 

24 

1.0 

0 

1 

: 4 

0 

1,000 

A.C 

F 

73 

1.0 

0 


0 

0 

10 

F.B 

M 

50 

0.1 

0 

1 

: 64 

0 

100,000 

C.B 

M 

59 

0.1 

0 

1 

: 2 

0 

100,000 

G.M 

M 

56 

0.1 

0 

1 

: 2 

0 

100,000 

J.M 

M 

51 

0.1 

0 

1 

: 16 

1,000 

1,000,000 

H.S 

M 

49 

0.1 

0 

1 

: 4 

0 

10 

M.L 

M 

58 

0.1 

0 


0 

0 

0 

J.P 

M 

46 

0.01 

0 

1 

: 8 

0 

1,000 

C.C 

M 

72 

0.01 

0 


0 

0 

1,000 

J.G 

M 

76 

0.01 

0 

1 

: 4 

100 

1,000 

T.F. 

M 

13 

0.01 

0 


0 

0 

0 

E.B 

M 

24 

0.01 

1 : 4 

1 

: 4 

100 

100 

J.K 

M 

59 

0.01 

0 


0 

1,000 

100 

C.Ca 

M 

21 

0.001 

0 

1 

: 4 

0 

1,000 

E.L 

M 

25 

0.001 

0 

1 

: 2 

10 

10,000 

V.B 

M 

45 

0.001 

0 


0 

0 

0 

C.M 

M 

37 

0.001 

1 : 4 

1 

: 2 

10,000 

10,000 

F.T 

M 

39 

0.001 

0 


0 

0 

0 


S, Subcutaneous 


M.K 

F 

62 

1.0 

0 

1 : 32 

1 

0 

1,000,000 

A.S 

M 

22 

1.0 

0 

1:8 

10 

10,000,000 

F.S 

F 

39 

1.0 

0 

1 : 16 

0 

1,000,000 

M.McG 

F 

35 

1.0 

0 

1 : 16 ! 

100 

10,000,000 

F.C 

M 

45 

1.0 

0 

1:4 

0 

1,000,000 

W.H.M 

M 

68 

1.0 

0 

1 : 4 

10 

1,000,000 

s.v.c 

F 

79 

1.0 

0 

1 : 4 

10 

1,000,000 

J.N 

M 

40 

1.0 

0 

1 : 8 

0 

100,000 

J.P.C 

M 

62 

I.O 

0 

1 : 16 

10 

100,000 

E.J.B 

M 

75 

1.0 

1 : 2 

1 : 4 

10 

100,000 

K.R 

M 

61 

1.0 

0 

1 :4 

0 

1,000 

S.B 

F 

59 

1.0 

0 

1 :8 

0 

100 

J.H 

M 

1 25 

0.1 

0 

1 : 32 

0 

100,000 

J.McC 

M 

52 

0.1 

0 

0 

0 

100,000 

W.C 

M 

I 51 

0.1 

0 

1 : 4 

0 

10,000 

F.M 

M 

! 14 

0.1 

0 

0 

0 

1,000 

C.B 

F 

39 

O.I 

0 

0 

0 

100 

F.W 

F 

24 

0.1 

0 

0 

10,000 

[ 100,000 

E.R 

M 

32 

0.0 1 

0 

1 : 4 

0 

100,000 

J.D.S 

M 

68 

0.01 

0 

1 : 2 

0 

100,000 

a.g 1 

M 

32 

0.01 

0 

1 : 4 

0 

1,000 

J.G * 

M 

49 

0.01 

1 : 4 

I : 32 

100,000 

1,000,000 

W.H 

F 

60 

0.01 

0 

0 

10 

1 1,000 

M.P 

F 

50 

0.01 

1 : 2 

1 : 2 

10 

! 10 

p.k 

M 

75 

0.01 

0 

0 

0 

0 

AT.T 

F 

50 

0.001 

0 

1 : S 

0 

I 100,000 

\T R 

F 

36 

0.001 

0 

0 

0 

1,000 

K T 

F 

58 

0.001 

0 

0 

10 

1,000 

M'.F 

F 

21 

0.001 

0 

0 

0 

100 

p.G 

F 

26 

0.001 

0 

0 

10 

100 

E,Sl 

M 

60 

0.001 

0 

0 

0 

0 

M.C 

F 

66 

0.001 

0 

0 

0 

0 


Subject 

Sex 

Age 

Amount 

injected 

Agglutinins 

(serum 

dilution) 

Mouse protection 
(fatal doses per 

0.2 cc.) 




Be- 

fore 

After 

Before 

After 




' years 

mgm. 






C. Intracutaneous 


J.O’C 

M 

75 

0.15 

0 

1 : 128 

0 

1,000,000 

N.R 

F 

78 


0 

1 : 4 

0 

100,000 

J.W. 

F 

66 


1 : 2 

1 : 64 

1,000 

1,000,000 

C.D 

M 

13 


0 

1 :4 

0 

1,000 

J.O’L 

M 

57 

0.1 

0 

0 

10,000 

10,000 

L.A 

F 

49 

0.1 

0 

0 

0 

0 

J.C 

M 

63 

0.01 

0 

1 ; 128 

10 

1,000,000 

S.H 

F 

62 

0.01 

0 

1 : 64 

0 

100,000 

J.C 

F 

72 

0.01 i 

0 

1:8 

0 

1.000,000 

A.S 

F 

54 

0.01 1 

0 1 

1:4 i 

01 

1,000,000 

H.B 

F 

23 

0.01 

1:8 

1 : 16 

10,000 

10.000,000 

M.H 

F 

50 

0.01 

0 

1 : 2 

0 

10,000 

M.M 

F 

40 

0.01 

0 

1:2 

0 

100,000 

A.G 

F 

38 

0.01 

0 

0 

0 

10 

M.W 

F 

50 

0.01 

0 

0 

0 

0 

T.J 

M 

63 

S 0.001 

1 :2 

1:4 

10 

10,000 

B.H.S 

1 M 

18 

0.001 

0 

0 

10 

1,000 

R.S 

M 

45 

0.001 

0 

0 

100 

1,000 

C.D 

1 F 

76 

0.001 

i B 

0 

0 

10 

P.S 

i M 

1 34 

0.001 

1 0 

0 

0 

0 

D.C 

M 

54 

0.001 

1 : 2 

0 

0 

0 

E.H 

M 

45 

0.0001 

0 

1 :8 

0 

10,000 

A.I 

M 

32 

0.0001 

0 

0 

0 

10,000 

J.T.P 

M 

62 

0.0001 

0 

1 : 2 

0 

1,000 

B.A 

M 

57 

0.0001 

0 

0 

100 

100 

T.C 

M 

66 

0.0001 

0 

0 

0 

0 

D.N 

M 

44 

0.0001 

0 

0 

0 

0 

E.D 

M 

68 

0.0001 

0 

0 

10 

0 


amounts of the carbohydrate were used there was 
a steady decline both in the percentage of subjects 
showing a response and in the amount of antibody 
stimulated in each subject. 3. The amount used 
being the same, the carbohydrate was most effec- 
tive when injected intracutaneously and least when 
given intravenously. This was particularly true 
with doses of 0.1 mgm. or less. 4. The optimum 
response was obtained with 1.0 mgm. given sub- 
cutaneously. A similar response followed intra- 
cutaneous injections of 0.15 to 0.01 mgm. 5. 
The 5.0 mgm. doses failed to stimulate antibodies 
in most of the subjects to whom they were given 
intravenously, whereas 1.0 mgm. administered bj 
the same route yielded some response in every 
subject. 6. Doses of 0.001 mgm. or less gave 
only low grade and inconsistent responses. 7. As 
in previous studies w'ith other types of pneumo- 
cocci (3, 4), protective antibodies were demon- 
strated more readily than were agglutinins. 

As regards the effectiveness of the Type Vli 
soluble antigen given by various routes, the results 
of the present study in human subjects are not in 
iccord with those which have been obtained m 
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Figure 1 Figure 2 

Explan'atiok of Figures 1 and 2 

Each block represents the homologous tj-pe-specific antibody response of a group of patients receiving the same 
dose of Tj-pc VIII specific carbohydrate by the same route. The number of individuals in each group is indicated 
above the block. The blocks from left to right represent groups of subjects injected by the same route, viz., I.V. 
= intravenous, S.C. = subcutaneous and I.C. = intracutaneous. The blocks from above down represent groups which 
received the same dose of the carbohj-drate ; the amount, in milligrams, is indicated at the bottom of the figures. 

The solid portions represent the increase in antibodies following the injections. The height of the solid portions 
represents the titer of antibody, and the width of each portion represents the percentage of subjects acquiring that 
titer. The scale on the right represents the maximum titer, if none -was present before the injection, or the maximum 
increase in titer. 

. Figure 1 represents the agglutinin response ; the scale represents serum dilutions. 

Figure 2 shows the mouse protective antibody response; the scale represents fatal doses protected by 02 cc. of 
serum. 


animals with the whole pneumococcus cell. Still- 
man (5) obtained a progressively smaller type- 
specific antibodj' response in rabbits to Type I 
pneumococci given by the intravenous, intraperi- 
toneal, intramuscular, and subcutaneous routes, 
respectively. Furthermore, Julianelle (6) was 
unable to demonstrate an appreciable titer of typie- 
specific antibodies in the sera of rabbits inoculated 
■with Type I or Type III pneumococci intracu- 
taneously. 

Of particular interest is the failure to obtain a 
response, in most instances, when 5.0 mgm. were 
given intravenously; whereas the 1.0 mgm. injec- 
tions by the same route were almost constantly 
effective. Such a phenomenon was noted by 
Schiemann and Casper (7), who found that small 
doses of specific precipitable substance of the 
pneumococcus protected mice against subsequent 
fatal injections of live organisms, whereas 100 
times the same dose failed to protect. 

In our investigation, serum was obtained for 
the study of antibodies in most of the subjects at 


weekly intervals for three or more weeks after the 
injection of carbohydrate. At the end of the 
first week only slight amounts of antibody could 
be demonstrated in the sera of a few individuals. 
This was true, in general, for each of the different 
amounts of material given by the various routes 
although some of the subjects who received in- 
travenous injections did show relatively high titers 
after one week. As a rule, the maximum titers 
were obtained two weeks after injection. In some 
subjects receiving subcutaneous or intracutaneous 
doses, however, the titer continued to rise during 
the third week. In a small group of subjects 
whose sera were studied at intervals of two days, 
the increase in the titer of antibodies occurred 
between the seventh and ninth days, and the rise 
continued at a slower rate during the next five 
days. Similar results were obtained, in the latter 
experiments, both with intravenous and mth sub- 
cutaneous injections. 

In addition to tests for the homologous type of 
antibodies, all of the sera were examined for Type 
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III and either Type I or Type II agglutinins and, 
in most instances, tests for mouse protective anti- 
bodies against these types of pneumococci were 
carried out. Heterologous type-specific aggluti- 
nins were not demonstrated. In occasional sub- 
jects, heterologous type-specific protective anti- 
bodies were found to appear or to increase in titer 
in the sera obtained after the injection of Type 
VIII specific carbohydrate (Table II). The titers 
of such antibodies were always low and, with one 
exception, they were found to be active against 
the related Type III pneumococcus. In one indi- 
vidual, a 100-fold increase in Type I protective 
antibodies occurred in addition to the appearance 
of the Type III antibodies. Appreciable increases 
in phagocytic titer, without the development of 
demonstrable protective antibodies, were demon- 
strated for Type I pneumococci in two subjects 
and for Type II in two other individuals. 

TABLE II 

Development of mouse protective antibodies against 
heterologous types in subjects receiving injec- 
tions of the specific carbohydrate of the 
Type VIII pneumococcus 


Subject 

j Type VIII injection 1 

Heterologous protective 
titer* 

Route 

Dose j 

Type 

Be- 
fore ' 

After 



mgm. 


j 

i 


M.A 

Intravenous 

5.0 

III 

10 

100 

J.B 

4 i 

5.0 

III 

10 

100 

C.McF 

< ( 

1.0 

III 

10 

100 

D.B 

f f 

I.O 

III 

0 

10 

G.M 

i ( 

O.l 

III 

100 

100,000 

F.S 

Subcutaneous 

1.0 

III 

0 

100 

W.H.M.... 

1 i 

1.0 

III 

10 

100 

J.c 

Intracutaneous 

0.01 

III 

0 

100 



I 

10 

1,000 

H B 


0.01 

III 

100 

1,000 

A.S 

ti 

0.02 

III 1 

‘ 0 

10 

A.G 

ti 

I 0.01 

III 

0 

10 


* Fatal doses neutralized per 0.2 cc. serum. 

For the homologous type-specific antibody response see 
preceding table. 


SUMMARY 

The Specific carbohydrate of the Type VIII 
pneumococcus stimulates the production of ho- 


mologous type-specific antibodies when given to 
human subjects by the intracutaneous, subcutane- 
ous or intravenous route. The optimum dose was 
found to be 1.0 mgm. given subcutaneously. 
Smaller doses were more effective when admin- 
istered intracutaneously than by the other routes. 
Doses of 1.0 or 0.1 mgm. were more effective 
when given subcutaneously than when injected 
intravenously. An intravenous dose of 5 mgm. 
failed to stimulate antibodies in most individuals, 
whereas 1.0 mgm. given in this manner caused a 
response quite constantly. A small amount of 
antibodies against Type III pneumococci were 
demonstrated in the sera of occasional subjects 
who had received injections of the Type VIII 
carbohydrate. 

The authors are grateful to Dr. Rachel Brown 
for the supply of Type VIII carbohydrate used 
in this study. To her and to Dr, Augustus B. 
Wadsworth they are indebted for their generous 
cooperation and continued interest. 
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It is well known that the red corpuscles of the 
newborn are larger than those of the normal adult. 
Little stud}' has been made, however, of the size 
and number of the corpuscles of the fetus. The 
purpose of this communication is to describe cer- 
tain observations on the size and number of the 
red cells in the blood of the fetus and newborn of 
several species of mammal; namely, man, rabbit, 
pig, rat, cat and dog. In the species examined, 
it has been found that low erythroc}’te counts and 
large red corpuscles are consistently found in the 
fetus, and that the younger the fetus the lower is 
the red cell count and the larger the red corpuscles. 
As compared with the blood of the adult of the 
same species, there is in the fetus what may for 
descriptive purposes be spoken of as “ anemia ” 
of the macroc}'tic type. As the fetus develops, 
the er}'throc}'te count rises and the mean size of 
the red corpuscles diminishes in a manner which 
reminds one of the changes which take place in 
the blood of patients rvith pernicious anemia dur- 
ing the response to liver therapy. 

REVIEW OF EITER.'lTURE 

Malassez (1) in 1875 and Cohnstein and Zuntz (2) in 
1884 observed that the erj-throcyte count in the early 
stages of development of the fetus (rabbit, dog, sheep) is 
low, and that it gradually increases. In 1889, the former 
measured the diameters of the red corpuscles (3) of a 
human fetus of four and one-half months and found the 
cells to be larger than those of adult blood. The excep- 
tionally large size of the earliest nucleated red corpuscles 
of the embrj-os of mammals was noted much earlier than 
1889, however, for Milne-Edwards (1857) (4) quotes 
Prevost, Wagner, Gulliver and Bischoff in this connec- 
tion. 

^ Aided in part by a grant from the Committee on 
Scientific Research of the American Medical Association. 


Jolly (5, 6) studied the blood of rat fetuses and new- 
born, and pointed out that in this species the red cell 
count even at birth is only about one-fourth of that of the 
adult whereas in the rabbit and human newborn the 
erythrocyte count is essentially the same as in the adult. 
Nicholas and Bosn-orth (7) observed an increase of 
hemoglobin from 30 to 65 per cent in rat fetuses ranging 
from the twelfth day of the fetal period to the newborn 
stage. Kindred and Corey (8) found increasing erythro- 
cyte counts in rat fetuses 15.4 to 43.0 mm. in length (six- 
teenth to twenty-second day). Smith (9) reported di- 
ameter measurements as well as red cell counts in rats 
from two days before birth until the adult stage was 
reached. She found a gradual increase in the number of 
corpuscles until the twenty-third day of life when their 
number began to increase rapidly, attaining the adult 
values at about three months of age. Throughout this 
whole period the mean diameter of the red cells, then- 
color inde,x and tariability, and the proportion of reticulo- 
cytes, gradually decreased. 

Knoll (10, 11) has recorded successively increasing red 
cell counts in human fetuses one to si.x months of age. 

Zeidberg (12) studied rabbit fetuses and found an in- 
crease in hemoglobin from 8 to 12 grams during the last 
third of pregnancy (twentj'-second to thirtj'-second day) 
and an increase in packed red corpuscles from 28 to 42 
per cent. He noted, moreo\’er, that the proportion of 
basophilic red corpuscles decreased during this period 
from 28 per cent to 4 per cent, von Deseo (13) seems to 
have been the first to measure the mean volume and 
hemoglobin content of the red corpuscles in fetal blood. 
In 25 beef fetuses ranging from to 9 months of age 
he obser\-ed, as the age of the fetuses advanced, an in- 
crease in the erythrocyte count from 3.74 to 7.80 million, 
in hemoglobin from 7.65 to 10.83 grams and in volume of 
packed red corpuscles from 34,0 to 423 cc., whereas the 
mean corpuscular volume decreased from 90.9 to 543 cJ^., 
mean corpuscular hemoglobin fell from 20,5 to 14,0 micro- 
micrograms and mean corpuscular hemoglobin concentra- 
tion fluctuated between 20.9 and 25.6 per cent. 

il.^TERIAL AND 1IETHOD5 

Through the courtesy of the Department or Obstetrics, 
blood was obtained from 12 obvio'jsly non-^nable humor. 
fetuses remm'ed by hysterectomy. Blood was secured by 
cardiac puncture immediately following remoial of the 
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III and either Type I or Type II agglutinins and, 
in most instances, tests for mouse protective anti- 
bodies against these types of pneumococci were 
carried out. Heterologous type-specific aggluti- 
nins were not demonstrated. In occasional sub- 
jects, heterologous type-specific protective anti- 
bodies were found to appear or to increase in titer 
in the sera obtained after the injection of Type 
VIII specific carbohydrate (Table II). The titers 
of such antibodies were always low and, with one 
exception, they were found to be active against 
the related Type III pneumococcus. In one indi- 
vidual, a 100-fold increase in Type I protective 
antibodies occurred in addition to the appearance 
of the Type III antibodies. Appreciable increases 
in phagocytic titer, without the development of 
demonstrable protective antibodies, were demon- 
strated for Type I pneumococci in two subjects 
and for Type II in two other individuals. 

TABLE II 

Devclopmeut of mouse protective antibodies against 
heterologous types in subjects receiving injec- 
tions of the specific carbohydrate of the 
Type VIII pneumococcus 


Subject 

Type Vin injection 

Heterologous protective 
titer* 

1 Route 

Dose 

Type : 

1 

Be- 

fore 

After 



mgm. 




M.A 

Intravenous 

5.0 

III 

10 

100 

J.B 

1 1 

5.0 

III 1 

10 

100 

C.McF 

4 4 

1.0 

III 1 

10 ! 

100 

D.B 

1 4 

1.0 

III i 

0 

10 

G.M j 

44 

0.1 

III 

100 

100,000 

F.S 

Subcutaneous 

1.0 

III 

0 

100 

W.H.M.... 

1 4 

1.0 

III 

10 

100 

J.C 

Intracutaneous 

0.01 

III 

0 

100 




I 

10 

1,000 

H.B 

( 4 

0.01 

III 

100 

1,000 

A.S 

4 4 

0.01 

III 

0 

10 

A.G 

4 4 

0.01 

III 

0 

10 


* Fatal doses neutralized per 0.2 cc. serum. 

For the homologous type-specific antibody response see 
preceding table. 


SUMMARY 

The specific carbohydrate of the Type VIII 
pneumococcus stimulates the production of ho- 


mologous type-specific antibodies when given to 
human subjects by the intracutaneous, subcutane- 
ous or intravenous route. The optimum dose was 
found to be 1.0 mgm. given subcutaneously. 
Smaller doses were more effective when admin- 
istered intracutaneously than by the other routes. 
Doses of 1.0 or 0.1 mgm. were more effective 
when given subcutaneously than when injected 
intravenousl)L An intravenous dose of 5 mgm. 
failed to stimulate antibodies in most individuals, 
whereas 1.0 mgm. given in this manner caused a 
response quite constantly. A small amount of 
antibodies against Type III pneumococci were 
demonstrated in the sera of occasional subjects 
who had received injections of the Type VIII 
carbohydrate. 

N. 

The authors are grateful to Dr. Rachel Brown 
for the supply of Type VIII carbohydrate used 
in this study. To her and to Dr. Augustus B. 
Wadsworth they are indebted for their generous 
cooperation and continued interest. 


BIBLIOGRAPHY 


1 . 


2 . 


3. 


4. 

5. 

6 . 

7. 


Finland, M., and Ruegsegger, J. M., Immunization of 
human subjects with the specific carbohydrates of 
the Type III and the related Type VIII pneumo- 
coccus. J. Clin. Invest., 1935, 14, 829. 

Francis, T., Jr., and Tillett, W. S., Cutaneous reactions 
in pneumonia. The development of antibodies fo 
lowing the intradermal injection of type-specific 
polysaccharide. J. Exper. Med., 1930, 52, 573. 

Finland, M., and Sutliff, W. D., Specific cutaneous re 
actions and circulating antibodies in the course o 
lobar pneumonia. I. Cases receiving no serum 
therapy. J. Exper. Med., 1931, 54, 637. 

Finland, M., and Winkler, A. W., Antibody response 
to infections with Type III and the related iP^ 
VIII pneumococcus. J. Clin. Invest., 1934, 13, 79. 

Stillman, E. G., The effect of the route of immuniza- 
tion on the immunity response to pneumococcus 

Type I. J. Exper. Med., 1930, 51, 721. 

Julianelle, L, A., Reactions of rabbits to intracutaneous 
injections of pneumococci and their 
The antibody response. J. Exper. Med., 1939, > 


441 

hiemann, C., and Casper, W., Sind die spezifisch 
pracipitablen Substanzen der 3 Pneumokokkentj p 
Haptene? Ztschr. f. Hyg. u. Infektionskr,, 193/- 
28, 102, 220. 
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It is well known that the red corpuscles of the 
newborn are larger than those of the normal adult. 
Little study has been made, however, of the size 
and number of the corpuscles of the fetus. The 
purpose of this communication is to describe cer- 
tain obser\-ations on the size and number of the 
red cells in the blood of the fetus and newborn of 
several species of mammal ; namely, man, rabbit, 
pig, rat, cat and dog. In the species examined, 
it has been found that low erythrocj'te counts and 
large red corpuscles are consistently found in the 
fetus, and that the younger the fetus the lower is 
the red cell count and the larger the red corpuscles. 
As compared with the blood of the adult of the 
same species, there is in the fetus what may for 
descriptive purposes be spoken of as “anemia” 
of the macroc)-tic type. As the fetus develops, 
the er\throc)'te count rises and the mean size of 
the red corpuscles diminishes in a manner which 
reminds one of the changes which take place in 
the blood of patients with pernicious anemia dur- 
ing the response to liver therapy. 

REVIEW OF LITERATURE 

Malassez (1) in 1875 and Cohnstein and Zuntz (2) in 
1884 obsen-ed that the erj'throcyte count in the early 
stages of development of the fetus (rabbit, dog, sheep) is 
low, and that it gradually increases. In 1889, the former 
measured the diameters of the red corpuscles (3) of a 
human fetus of four and one-half months and found the 
cells to be larger than those of adult blood. The excep- 
tionall}' large size of the earliest nucleated red corpuscles 
of the embryos of mammals was noted much earlier than 
1889, however, for Milne-Edwards (1857) (4) quotes 
Prevost, Wagner, Gulliver and Bischoff in this connec- 
tion. 

^ Aided in part by a grant from the Committee on 
Research of the American Medical Assooation. 

^Read at the meeting of the American Society for 
Clinical Investigation, Atlantic City, N. J-, ilaj' 1935, 

® Stephen C. Clark Fellow in Surgery. 


Jolly (5, 6) studied the blood of rat fetuses and new- 
born, and pointed out that in this species the red cell 
count even at birth is only about one-fourth of that of the 
adult whereas in the rabbit and human newborn the 
crythroev-te count is essentially the same as in the adult. 
Nicholas and Bosworth (7) obseiwed an increase of 
hemoglobin from 30 to 65 per cent in rat fetuses ranging 
from the twelfth day of the fetal period to the newborn 
stage. Kindred and Corey (8) found increasing erythro- 
cj-te counts in rat fetuses 15.4 to 43,0 mm. in length (six- 
teenth to twenty-second daj-). Smith (9) reported di- 
ameter measurements as well as red cell counts in rats 
from two days before birth until the adult stage was 
reached. She found a gradual increase in the number of 
corpuscles until the twenty-third day of life when their 
number began to increase rapidly, attaining the adult 
talues at about three months of age. Throughout this 
whole period the mean diameter of the red cells, their 
color inde,x and variability, and the proportion of reticulo- 
cj-tes, gradually decreased. 

Knoll (10, 11) has recorded successively increasing red 
cell counts in human fetuses one to six months of age, 

Zeidberg (12) studied rabbit fetuses and found an in- 
crease in hemoglobin from 8 to 12 grams during the last 
third of pregnancy (twenty-second to thirty-second day) 
and an increase in packed red corpuscles from 28 to 42 
per cent He noted, moreover, that the proportion of 
basophilic red corpuscles decreased during this period 
from 28 per cent to 4 per cent, von Deseo (13) seems to 
have been the first to measure the mean volume and 
hemoglobin content of the red corpuscles in fetal blood. 
In 25 beef fetuses ranging from 2J& to 9 months of age 
he observed, as the age of the fetuses advanced, an in- 
crease in the erythrocyte count from 3.74 to 7.80 million, 
in hemoglobin from 7.65 to 10.83 grams and in volume of 
packed red corpuscles from 34.0 to 42.3 cc., whereas the 
mean corpuscular volume decreased from 90.9 to 54J2 cj^., 
mean corpuscular hemoglobin fell from 20.5 to 14.0 micro- 
micrograms and mean corpuscular hemoglobin concentra- 
tion fluctuated between 20.9 and 25.6 per cent, 

MATERIAL AXD METHODS 

Through the courtesy of the Department of Obstetrics, 
blood was obtained from 12 obviously noa-inable human 
fetuses removed by hysterectomy. Blood was seamed by 
cardiac puncture immediately following removal of the 
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fetus. The approximate age of the fetuses was estimated 
from the crown-rump length and the entire length on the 
basis of the charts of Keibel and Mall (14) and Streeter 
(15). Blood was also obtained, by jugular puncture, 
from 3 premature infants at the Harriet Lane Home. 
The values for the blood of newborn infants which are 
used for Figure 4 represent the average of 31 determina- 
tions made immediately after birth, and 18 determinations 
made at intervals until the twenty-fifth day of life (16). 

Rabbits of blue-black Dutch stock and of mixed lab- 
oratory stocks were mated in our own laboratory and, 
since the buck and doe were together for three or four 
hours only, the age of the rabbit fetuses studied could be 
estimated with accuracy. The fetuses were removed by 
hysterectomy and the blood immediately obtained. When- 
ever possible, blood was secured by cardiac puncture. In 
the case of very small fetuses the heart was cut open and 
the blood was drawn into a capillary pipet as it welled 
out. In order to obtain sufficient amounts of blood, in a 
number of instances the blood of several fetuses from the 
same uterus was mixed. 

The blood of rat fetuses was obtained in the same way 
as that of the rabbit fetuses. The rats were not deliber- 


ately mated, however, and the age of the fetuses had 
therefore to be calculated from weight and crown-rump 
length on the basis of data published by Donaldson (17). 
The age of newborn rats was determined from accurate 
litter records. The rats were of an inbred laboratory 
stock on a standard diet (18). 

Pig fetuses were obtained in a neighboring abbatoir. 
The uteruses of pregnant sows were brought to the lab- 
oratory immediately after the animals had been slaugh- 
tered and the fetal blood was there collected without delay. 
In no instances had clotting commenced, and in some of 
the pig fetuses the heart was still beating when the blood 
was withdrawn. Blood was frequently collected from 
the umbilical cord, it having been found that the erythro- 
cytic content of blood obtained in this way was the same 
as that of blood taken from the heart. In the case of the 
smaller pig fetuses, blood was taken directly from the 
heart in the manner already described. The age of the 
pig fetuses was estimated from their weight and crown- 
rump length on the basis of Warwick’s data (19). Blood 
of newborn pigs was obtained by cardiac puncture on ani- 
mals at the U. S. Research Center, Beltsville, Maryland, 
through the courtesy of Dr. Hugh McPhee. 
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Fig. 2. Er^throcite Counts (O, Miluons per c-MM.), Mean Corpuscular Volume ( ■, Cubic Xfi- 
ceons), 2klEAN Diameter in Wet Prepar-ations (X, Microns) and Proportion or Nucltated Red Copjusclzs 
( A) IX THE Blood of 34 Rabbit Fetuses and 8 Neineorn Rabbits, Compared with Atepage Values for the 
Adult Rabbit. 


Blood of newborn dogs and cats was obtained by cardiac 
puncture on animals born in the laboratory. The age of 
fetuses was estimated from weight and crown-rump 
length (20, 21). 

The blood was collected either in heparin or without an 
anticoagulant, it having been found that coagulation is 
extremely slow and imperfect in the blood of young 
fetuses. Hemolyzed specimens were discarded. 

Fresh blood preparations and blood smears were made, 
3nd two diameters of 25 to 100 unselected red corpuscles 
in the wet and in the dried, stained films (Wright’s stain) 
were measured by means of a calibrated ocular microm- 
The proportion of nucleated corpuscles was deter- 
mined in the stained preparations. ReticulocA'te counts 
Were made in wet preparations to which a small quantity 
oi brilliant cresj-1 blue (1 per cent in normal saline) had 
ficen added. Erythrocyte counts (two in each instance), 
hemoglobin and hematocrit determinations, and calcula- 
tions of the mean volume and hemoglobin content of the 
Ted corpuscles were made as described elsewhere (22, 23). 

Two chief sources of error must be kept in mind in in- 


terpreting the results oi these studies: (1) except in the 
case oi the rabbit fetuses, the age of fetuses has been 
estimated from data for length and weight and is there- 
fore only approximate; (2) when the fetuses were very 
small, such minute amounts of blood were available that 
values in the smaller fetuses for hemoglobin, volume of 
packed red cells, and mean volume and hemoglobin con- 
tent of the red corpuscles cannot be considered as repre- 
senting the same degree of accuracy as is possible when 
studying the blood of adults (23). Erythrocyte counts, 
however, may be considered as being quite accurate in al- 
most all instances, and diameter measurements represent 
of course the same degree of accuracy for fetuses of all 
sizes. 

OBSEP.V.ATIONS 

Details of the blood studies are published else- 
where (24). Eiy-throcy-te counts, mean corpuscu- 
lar volume, mean diameter (in wet preparations) 
and the proportion of nucleated red corpuscles and 



838 


M. M. WINTROBE AND H. ' B. SHUMACKER, JR. 


fetus. The approximate age of the fetuses was estimated 
from the crown-rump length and the entire length on the 
basis of the charts of Keibel and Mall (14) and Streeter 
(IS), Blood was also obtained, by jugular puncture, 
from 3 premature infants at the Harriet Lane Home. 
The values for the blood of newborn infants which are 
used for Figure 4 represent the average of 31 determina- 
tions made immediately after birth, and 18 determinations 
made at intervals until the twenty-fifth day of life (16). 

Rabbits of blue-black Dutch stock and of mixed lab- 
oratory stocks were mated in our own laboratory and, 
since the buck and doe were together for three or four 
hours only, the age of the rabbit fetuses studied could be 
estimated with accuracy. The fetuses were removed by 
hysterectomy and the blood immediately obtained. When- 
ever possible, blood was secured by cardiac puncture. In 
the case of very small fetuses the heart was cut open and 
the blood was drawn into a capillary pipet as it welled 
out. In order to obtain sufficient amounts of blood, in a 
number of instances the blood of several fetuses from the 
same uterus was mixed. 

The blood of rat fetuses was obtained in the same way 
as that of the rabbit fetuses. The rats were not deliber- 


ately mated, however, and the age of the fetuses had 
therefore to be calculated from weight and crown-rump 
length on the basis of data published by Donaldson (17). 
The age of newborn rats was determined from accurate 
litter records. The rats were of an inbred laboratory 
stock on a standard diet (18). 

Pig fetuses were obtained in a neighboring abbatoir. 
The uteruses of pregnant sows were brought to the lab- 
oratory immediately after the animals had been slaugh- 
tered and the fetal blood was there collected without delay. 
In no instances had clotting commenced, and in some of 
the pig fetuses the heart was still beating when the blood 
was withdrawn. Blood was frequently collected from 
the umbilical cord, it having been foimd that the erythro- 
cytic content of blood obtained in this way was the same 
as that of blood taken from the heart. In the case of the 
smaller pig fetuses, blood was taken directly from the 
heart in the manner already described. The age of the 
pig fetuses was estimated from their weight and crown- 
rump length on the basis of Warwick’s data (19). Blood 
of newborn pigs was obtained by cardiac puncture on ani- 
mals at the U. S. Research Center, Beltsville, Maryland, 
through the courtesy of Dr. Hugh McPhee. 
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Fig. 1. Erythkoote Counts (©, Afiixioxs per c.mm.). Mean Corpuscular Volu.me (■, ) 

crons). Mean Diameter in Wet Preparations (X, Microns), Proportio.n of Nua.EATED Red Corpuscles 
AND of Reticulocytes (A) in the Blood of 98 Pig Fetuses, 22 Newpur.v Pigs, and 5 Adult Pics. 
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Fig. 4. Ep.'iTHp.cxrvTE Coukts (0, Million's per aiiM.), Mean' Co?JUsctn_*E Volume (■, Cubic Mi- 
CEO.vs), Meax Diamettep. in Wet Preparatioxs (X, Microns), Propostiox or Nccle.ated Red Corpuscles (A.) 
AXD OF Reticulocytes (A) ix the Blood of 12 Hum.ax Fetuses an-d 3 Peematupx Ixtaxts, Compared vrrrs 
Average Values for 49 Full Term Neweorx Ixfaxts axd the Nopaial Adult. 


similar to those which take place during the 
normal development of the blood corpuscles in 
the fetus. The senior author has described else- 
where (25) the variations which take place in 
mean corpuscular volume in cases of pernicious 
anemia during liver treatment. There is a strik- 
ing resemblance between the curves which repre- 
sent the changes in pernicious anemia and those 
shown in Figures 1 to 4. 

Superficial examination suggests that the macro- 
cytosis observed in the blood of the fetus is much 
greater than that of pernicious anemia. Mean 
corpuscular volumes as great as even five and 
SIX times the normal have been found in the blood 
of veiy yoimg fetuses, whereas in pernicious 
anemia it is unusual to find an increase in mean 
corpuscular volume to as much as even twice nor- 
™al. It must be borne in mind, however, that in 


pernicious anemia eiythrocy-te counts below 1 mil- 
lion cells are quite unusual and values lower than 
0.5 million are rarely, if ever, encountered. The 
extremely high ^-alues for mean corpuscular vol- 
ume were observed onh' in those instances in 
which the erythrocj-te counts were as low as 5 
per cent of those of the adult, and less; that is, 
they correspond in terms of human blood to red 
cell counts lower than 250,000 per cmm. When 
corpuscular volumes corresponding to similar re- 
ductions below the normal adult red cell count 
are compared (see Figures 5, 6 and 7) the degree 
of macrocytosis in the fetus is found to be quite 
similar to that of pernicious anemia. 

Not only is the mean size of the red corpuscles 
in fetal blood greater than that of the red cells 
of the adult, but a great degree of anisoq.Tosfs is 
present. As the fetus develops, this anisocAtosis 
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reticulocytes in the blood of fetuses and newborn 
of the pig, rabbit, rat and man are shown in 
Figures 1 to 4. The data are so plotted that a 
comparison with the values found in the adult 
may be readily made. It will be noted that the 
erythrocyte count is very low in young fetuses 
and increases as the fetus develops. The mean 
volume and mean diameter of the red corpuscles 
are at first very much greater than in the adult, 
and decrease as the red cell count rises. 

In a few instances marked differences in the 
erythrocyte counts of litter mates, even greater 
than one million cells, were encountered. Usually, 
however, the counts fell within a range of 300,000 
cells per c.mm. It is of interest that the mean 
sizes of the red corpuscles of litter mates agreed 
without exception within limits of technical varia- 


tion even when great differences in red cell counts 
occurred. 

Even at birth the erythrocjde count was found 
to be lower than that of the adult, and the cor- 
puscles were larger than is normal for the adult. 
This was found to be especially true of the rat, 
as Jolly had noted (5), but was observed also in 
the blood of the other species of mammals ex- 
amined. Our studies in the rat indicate that al- 
most two months elapse before the values of the 
adult are attained. 

Comparison of the blood of the fetus zuith macro- 
cytic anemia in the human adult 

In many respects the changes which have been 
observed in the blood of patients with pernicious 
anemia under the influence of liver therapy, are 
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Fig. S. Distrirction of the Di.vmetf.rs of th.e Red Corpuscles ix the Blood of Pig Fe 
TCSES Compared with Those of the Blood of the Xeweor.v axd the Adlxt Pig. 
Cells measured in fresh (wet) preparations. 



A= NORMAL ADULT, CV.87-« DlA.vl.8-3xt 
Bx FETUS, l64ciay5,Cv.|26cxtDiAM.&7At 
c: fetus, 7Odays,Cv.285c./<.DtAM.[0.Qi( 





n iZ 13 M. 

diameter, MICF=C:!6 


Fig. 9. Distribution’ of the Diameters of the Red Corpuscees ix the Blood of Hu?:a?c Fetuses 
Compared mtth the Ervthrocttes oi the Xok.m.\l Adult. 

Cells measured in fresh (wet) preparations. 








Fig. 7. Smooth Curves for Comparison of the Erythrocyte Count and 
Mean Corpuscular Volume in 98 Pig Fetuses and 22 Newborn Pigs with 
Those of 9 Cases of Pernicious Anemia Examined Daily During the Response 


to Livm Therapy (245 Determinations). 

The observations in the pigs were grouped according to age in periods of 6 days 
each and the average for each group calculated. The observations in the cases o 
pernicious anemia were grouped according to time following the institution of treat 
ment in periods of three days each and the average for each of these groups calcu- 
lated. The results are plotted in proportion to the normal for the adult of each spe- 
cies (pig, 6.93 million red corpuscles, 59 cjt. mean corpuscular volume , human, 
million red corpuscles, 87 c.f^. mean corpuscular volume). These averages are shown 
in the chart as black circles for pig erythrocyte counts and open circles for uman 
erythrocyte counts ; black squares for pig mean corpuscular volumes and open squares 
for human mean corpuscular volumes. The curves were drawn with ° ^ 

curve rule so that they would fit as well as possible the plotted averages. ^ e com 
plete line curves refer to the pig fetuses and newborn, and the interrupted line curses 
represent the blood changes in the cases of pernicious anemia. 


nI;^r.\TOI•o^:sIs i.v Kicrrs axd perxicious axemia 
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A mini1)cr of ohjectimis to such n comparison 
come to mind: thus, the calculated reticulocyte 
counts represent tlie maximum expected uumher ot 
reticulocytes in a series of cases of pernicious ane- 
mia. and do not indicate the change-' whicli would 
occur in the hlood of a sinyde indi\ idual. Again, 
the lormuiae for expected reticuIoc\te response 
were derived emjtirically from oh-ervations in 
cases of pernicious anemia in which the reduction 
in tile red cell count was never a*- low as in some 
of tiic instances for whicli tlie formulae arc here 
emiiloyed. It is evident that the data shown in 
Table I atTord onlv a verv rough comparison: yet 
It is one wliich is useful in giving .-omc concep- 
tion of the intensity of lilood formation in the 
fetus. 

Certain points of difference lietwcen the blood 
in cases of pernicious anemia and that of tiie fetus 
must be mentioned. Probalilv the most striking 
difference is that jxiikilocytes. although present in 
feta] lilood. are fewer in number, and the ex- 
tremely bizarre forms so characteristic of Addi- 
sonian anemia, are rarely, if ever, found f Figure 
10). Again, it is not unusual t<i find in pernicious 
anemia a few erythrocytes which are poorly filled 
"'ith hemoglobin. In the fetal bloods studied 
such cells were not observed. Finally, as judged 
by icterus index, blood destruction was no greater 
in the fetuses of the pig. rabbit, rat. dog and cat 
than in the adult of each of these species. In the 
human fetuses, however, the icterus index was 
usually high, being 25 in two instances. 20 in one. 
17 in two and 16, 15. 12. and 7. respectively, in 
four other fetuses. The Van den Bergh test, car- 
ried out in only two of these bloods, gave a strong 
indirect reaction in one instance in which the 
icterus index was 25 and a slight indirect reaction 
m the instance in which the icterus index was 15. 

DISCUSSIOX 

It is full}- appreciated that the morphologic 
similaritv- between the blood in cases of pernicious 
anemia and that of the developing fetus may be 
but a superficial one, and the agent which influ- 
ences one set of changes mav be quite different 
from that which leads to the other. \ et the 
resemblance is so great that comparison seems 
justified. There is. moreover, similarity in other 
respects. In the bone marrow of patients dying of 


jiernicious anemia during relapse and in marrow 
obtained by biopsy at this time, extensive prolif- 
eration of primitive cells is found (28. 29). The 
niegaioblast of Xaegeli is described by him as oc- 
curring only in the blood of the early embrvo and 
in that of jiernicious anemia (30). Even extra- 
medullary blood formation occurs in pernidous 
anemia as was first noted Iw Mever and Heineke 
fol) and by Schridde (32). It was. in fact, the 
finding of foci of e.xtramedullary hematopoiesis 
in the spleens of some cases of liver disease in 
which we were interested, and the obser\-ation 
that such foci were associated in most instances 
with macrocytic anemia (33). that led us to under- 
take the studies here recorded. 

It is our impression, derived from the study of 
the changes which take place in the size and num- 
ber of the red corpuscles of the fetus, as well as 
in the proportion of erythroblasts and reticulo- 
c\tes. that in many respects the Nood of the dc- 
z’cloping fetus resembles that of cases of pernicious 
anemia zehich are being subjected to an effective, 
continuous and extremely potent stimulus to blood 
formation. 

It would also appear from our studies that the 
macrocr-tosis of the newborn, frequently consid- 
ered to be the result of physicochemical changes 
in the blood, really represents a final stage in the 
development of the blood in the fetus. In com- 
parison with the blood in pernicious anemia, the 
blood of the newborn is similar to that of cases 
in incomplete remission. An apparent contradic- 
tion to this hypothesis is the polycj’themia which 
has been reported in the blood of newborn infants 
by some investigators f34). Actually, greatly 
varying results have been recorded (35). and it 
is doubtful if in the newborn infant which has not 
become dehydrated, the red cell count is even as 
high as in the normal adult. In studies made with 
Eastman and Jack (16) one of us found erythro- 
cyte counts in newborn infants which were slightly 
lower than the average values for adults. Guest’s 
recent observations on the blood of the human 
newborn (36) are in e.xact agreement with our 
own. 

Castle and his associates (37) have demon- 
strated that pernicious anemia develops as the re- 
sult of the deficiency of an " antianemic jirinci- 
ple ’’ which is formed by the interaction of an 
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Fig. 10. The Bi.ooh of a Human F'eitus Compared witei That of a 
Case of Pernicious Anemia, Magnification 1170. 

./, Human ictus of approximately 98 days. R.B.C. 2.2 million, 
mean diameter (>tained preparation) 8.45 

B. Perniciuius anemia. R.B.C. 1.68 million, mean diameter (stained 
preparation) 8.21 m. 
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“ extrinsic factor ” in tiic diet and an “ intrinsic 
factor ” secreted by the stomach. It is now well 
known that the administration of this principle, 
which is found in greatest concentration in liver, 
is followed by active blood formation, progres- 
sively decreasing macrocytosis and a rapid disap- 
pearance of anemia. It seems quite plausible that 
the antiancmic principle of Castle may be the same 
or very similar to the substance xchich causes the 
blood of the fetus to develop in the manner 
described. 

Presumably, there is no gastric digestion in the 
fetus and no combination of “ intrinsic ” and 
“e.xtrinsic” factors takes place as occurs after 
birth. If a substance similar to Castle’s anti- 
anemic principle influences the blood of the fetus, 
it probably comes through the placental circulation 
from the stores of the mother. It is of interest 
to point out that antianemic principle has been 
found not only in the liver, kidney and brain, but 
also in the placenta (38). 

Investigations are in progress which seek to 
determine whether or not there is any relationship 
between fetal hematopoiesis and that observed in 
cases of pernicious anemia treated ■with liver. 
The clinical implications of such a relationship, 
if it can be proved to exist, are of great impor- 
fsnee. It is now generally agreed that in Addi- 
sonian anemia the degree of anemia is closely 
dependent on the degree of deficiency of anti- 
anemic principle. If there is a similar relationship 
between the quantity of antianemic principle avail- 
able and the formation of blood in the fetus, the 
effect of a deficiency of this substance on the 
mother and on the infant, may be readily visu- 
alized. 

If the fetus derives antianemic principle from 
the mother, this may be expected in some in- 
stances to cause so great a depletion in the stores 
of the mother that she herself develops macro- 
cytic anemia. It is characteristic of the so-called 

pernicious anemia ” of pregnancy that it de- 
velops only during pregnancy, it is relieved by 
bver therapy, it does not recur following delivery 
even though liver therapy is discontinued, .and it 
may reappear at a succeeding pregnanQ- (39). 
These characteristics conform exactly to ■what 
might be expected if the fetus -withdraws anti- 
anemic principle from the mother. That per- 


nicious anemia of pregnancy is uncommon, indi 
cates that the majority of pregnant women form 
during the normal processes of digestion, quanti 
ties of antianemic principle which are adequate tc 
meet their own requirements and those of th( 
fetus. Strauss (39) has observed in cases ol 
macrocj-tic anemia in pregnancy that the quan- 
tity of gastric secretion is often deficient and, ir 
addition, the diet taken by the mother is frequentl} 
lacking in animal protein. In these instances the 
formation of antianemic principle falls below the 
needs of mother and fetus and macroc^c anemic 
develops. 

An infant for whom an inadequate amount of 
antianemic prindple has been made available dur- 
ing the gestation period,- may be expected to de- 
velop anemia characterized by macrocytosis and 
by ready response to the administration of liver 
extract. Such an anemia might be expected to be 
more common in premature infants, for these 
have been afforded a shorter period for the acqui- 
sition of antianemic prindple, and in twins if they 
have developed, during the intrauterine period, 
under conditions in ■which only a limited amount 
of antianemic prindple is a^vailable. If the lack 
of antianemic principle in the infant is the result 
of deficient formation of the material by the 
mother, it ■would not be unexpected that the re- 
sulting anemia would reappear in the progeny of 
succeeding pregnandes. 

That these considerations are not hypothetical 
is suggested by the experience of pediatridans. 
Parsons (40) refers to a " primary anemia of the 
newborn ” which is macroc^^tic in type and “ fre- 
quently occurs in premature children or in twins 
and particularly in premature twins.” The eryth- 
roblastosis of the newborn ■which has recently 
received a great deal of attention (41, 42) is 
characterized by familial history, macrocjiic ane- 
mia, erythroblastosis, increased blood destruction, 
increased deposition of iron pigment in the tissues 
and extensive extramedullary fod of blood for- 
mation. These findings at once bring pemidous 
anemia to mind. Liver therapy does not seem to 
have received serious trial in these cases but it is 
interesting to note, even though it appears to be 
an isolated instance, that Bemhdm-Karrer and 
Grob (43) reported successful prophylaxis by 
the daily feeding of 100 grams of liver during the 
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last ten weeks of pregnancy, in a mother who had 
previously given birth to two infants who died of 
“ icterus gravis.” In other types of anemia in 
infants, liver therapy has been reported as being 
of value (44, 45), 

Clinical observations quite analogous to those 
postulated as associated with deficiency of anti- 
anemic principle, have been reported in connection 
with iron-deficiency anemia in pregnant women 
and their offspring. Hypochromic microcytic 
anemia is not uncommon in pregnancy, and is 
generally considered to be the result of the com- 
bined effects of deficient diet, faulty gastric se- 
cretion, and the increased requirements for iron 
due to the needs of the fetus (39). Infants born 
of mothers with this type of anemia, are not ane- 
mic at birth, but they frequently develop moderate 
to severe degrees of anemia during the first year 
of life (46). This anemia may be relieved by 
administering iron to the infants, and it may be 
prevented by giving iron to the mothers during 
pregnancy (46). 

There is little information concerning the blood 
of infants born of mothers suffering from either 
true pernicious anemia or macrocytic anemia of 
pregnancy. It is generally stated that such in- 
fants are not anemic at birth. Even if this is 
true, it does not necessarily invalidate the hy- 
pothesis presented for, in the case of iron defi- 
ciency at least, the fetus seems to withdraw iron 
for blood-building at the expense of 'the mother 
and in spite of her increasing anemia. 

SUMMARY 

1. Determinations of the erythrocyte count, 
mean corpuscular volume, mean diameter and 
proportion of nucleated red corpuscles and reticu- 
locytes in the blood of fetuses and newborn of 
man, the pig, rabbit and rat, are graphically re- 
corded. 

2. It is shown that in very young fetuses of 
the species examined, the erj'throcyte counts are 
very low and the red corpuscles are very large 
when compared with the values for red cell count 
and size in the normal adult of each species. As 
the fetus develops the erythrocyte count rises, 
and the red corpuscles become smaller. The pro- 
portion of nucleated red corpuscles decreases very 


rapidly, while the percentage of reticulocytes 
diminishes more gradually. 

3. In all of the species examined, some macro- 
cytosis was found to be still present at birth; and 
in the rat, rabbit, pig, cat and dog the erythrocyte 
count was lower than that of the adult. In man, 
the erythrocyte count is approximately normal at 
birth. In the newborn dogs examined, the counts 
were substantially below the adult values and in 
the newborn rats, they were approximately one- 
third of those of the mature rat. 

These observations suggest that the macrocyto- 
sis of the newborn represents a final stage in the 
normal development of the blood. 

4. Comparison is made between the develop- 
ment of the blood in the fetus and the changes 
which occur in the blood of cases of pernicious 
anemia in response to liver therapy. 

5. The blood of the fetus resembles in many 
respects that of cases of pernicious anemia which 
are being subjected to an effective, continuous and 
extremely potent stimulus to blood formation, 

6. It is suggested that the antianemic principle 
of Castle may be responsible for the described 
changes in the blood of the fetus, and that this 
principle passes to the fetus from the stores of 
the mother. On this hypothesis it is possible to 
visualize the mode of development of " pernicious 
anemia ” of pregnancy. The significance of this 
conception in regard to anemia in infants is also 
considered. 


We are indebted to Dr. I. P. Earle and to 
Mr. J. H. Zeller of the U. S. Research Center, 
Beltsville, Maryland, for securing for us^ blood 
from newborn pigs ; and to Messrs. William J- 
Schmidt and William A. Oktavec, Jr., as well as 
Miss Mary Smith, for technical assistance, Mr. 
Milton ICougel made the microphotographs. 
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The work of earlier investigators, Govaerts (1), 
Barath (2), Cope (3). Peters ct al. (4) and 
Kylin (5) has given the impression that the col- 
loid osmotic pressure is not only lowered with 
decrease in serum protein but its specific pressure 
(pressure per unit of protein) is also diminished. 
The lowering of specific pressure has usually 
been related to a greater decrease in the albumin 
fraction of the proteins than that of the globulin, 
so that the A ; G ratio becomes reduced or in- 
verted. However, in all of these reports, the 
pressure readings were taken at the end of twent)'- 
four hours or longer, and probably do not repre- 
sent the highest point on the pressure carve. 
Wells et al. (6) have recently discussed the valid- 
it}- of determining the colloid osmotic pressure by 
a rapid method devised by them. They also pre- 
sented data on h}'poproteinemic sera which gave 
low specific pressures, and referred to the fact 
that the pressure in many cases after rising to 
some extent began to fall wthin a few hours. 
They attempt to explain this by putrefactive 
change or molecular aggregation of serum pro- 
tein (6, 7). In the method reported here the 
possibilit}" of contamination of the serum with 
bacteria has been excluded. Measurement of the 
colloid osmotic pressure of the serum proteins of 
nephrotic patients has revealed a decrease in the 
stability of the pressure readings in those instances 
where the concentration of proteins approached 
the edema level. In most of the cases the maxi- 
mum pressure was obtained in three to five hours, 
and thereafter began to fall gradually. This was 
in marked contrast to the prolonged plateau of 
nearly constant pressure observed when the con- 
centration of protein was normal. 

While good correlation was obseiwed between 
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the maximum pressure and the content of total 
protein, there was little evidence of correlation 
beUveen the ratio of albumin: globulin and the 
maximum pressure. The data show that the pres- 
sure per gram of protein may actually be some- 
what greater when the serum proteins are low 
than when their concentration falls within the 
normal range. 

ilETHOD 

Blood was taken with the least possible stasis 
from the antecubital vein, while the patient was 
recumbent in bed. Precautions were observed to 
insure sterility of the senim during collection of 
the blood and during the subsequent centrifuga- 
tion and separation of the senun from the clot. 

The specific gravit}’ of the senim was deter- 
mined by Hammerschlag’s method (8), the re- 
fractive index by Abbe’s refractometer at con- 
stant room temperature of 23° C. The total 
content of protein, albumin and globulin were 
determined by Howe’s method using 1 cc. of 
serum for each sample (9). The determina- 
tion of colloid osmotic pressure was carried out 
with the apparatus devised by Fellows (10), 
similar in principle to that of Vemey (11). The 
osmometer has the advantage that the osmotic 
pressure can be followed at any desired inteiwal 
of time. Some modifications were made on the 
instrument itself, the stopcock being removed from 
its original position to the upper end of the 
graduated portion of the capillary tube, and the 
hole on the side of the osmometer tube being 
omitted in order to minimize the danger of any 
leakage of serum. 

As the dialyzing agent a modified Ringer’s 
solution consisting of 0.8 per cent sodium chloride 
and 0.042 per cent potassium chloride was used. 
The osmometer was inclosed in a large glass tube 
for sterilization, and autoclaved for 15 to 20 


853 



52 


M. M. WINTROBE AND H. B. SHUMACKER, JR, 


1. Bernheim-Karrer, J., and Grob, M., Zur Prophylaxe 
des Icterus neonatorum gravis. Ztschr. f. Kinderh., 
1931, 50, 672. 

[, Hampson, A. C,, and Warner, E. C., Anemia and 
liver therapy in infancy and childhood. Arch, Dis. 
Child., 1930, 5, 299. 


45. Maurer, S., Greengard, J., and Kluver, C., The value 

of liver extract and iron in the anemia of young 
infants. J. A. M. A., 1932, 98, 1069. 

46. Strauss, M. B., Anemia of infancy from maternal 

iron deficiency in pregnancy. J. Clin. Invest., 1933, 
12, 345. 



COLt.OID OSMOTIC PRESSURE OF SERUM PROTEIN 


855 


TABLE II 


Colloid osmotic pressure of reduced stability in patients scilh lost; serum protein 
(Throtigli the courtesy of Dr. S. W. Clausen 3 pediatric cases are included in this group.) 



Are 

Specific 

1 jiravily 

Total 

1 protein ' 

1 

■i 

i 1 

j Colloid osmotic pnesscrc I 



Name 

and 

tex 

ratio 



liOWCSt ^ 
pressure ! 

SpedSc 

pressure 

Stability 

Remarks 

J.S... 

yeers 

6S 

o' 

i 

i 

1.030 

per cent 

5.20 

2.17 

nn. //jO 

275.5 

rtrt. \ 

53.0 

nm.HrO 

253.7 

rnm.HiO 

48.7 

hours 

8 

Hypertension, cardiac insufBdency 

A.B. . 

68 

9 

12 

9 

1.030 

5.14 

1.74 

252.3 

49.2 

230.3 

44.9 

8 

Arterioscle’rosis, cardiac insufficiency 

E.B.. 

1.027 

5.30 

1.02 

240.1 

45.4 

210.0 

39.6 

7 

Chronic hemorrhagic nephritis 

G.S... 

45 

o’ 

1.026 

5.05 

0.63 

221.5 

43.9 

195.8 

38.8 

6 

Lymphatic leukemia, edema ' 

V.N.. 

o’ 

8 

o’ 

1.026 

4.50 

0.S8 

192.0 

42.7 

138.0 

30.7 

6 

Nephrosis 


1.027 

4.50 

0.79 

184.5 

41.0 

130.2 

29.0 

5 

Nephrosis 


23 

9 

1.025 

4.47 

2.02 

240.0 

53.7 

180.0 

40.3 

5 

j Chronic nephritis 

E.W.. 


1.025 

3.52 

0.91 

209.5 

59.4 

122.0 

34.7 

4 

1 Carcinomatosis 





Average 

48.5 


38.3 




Similar observations have been made by Weech, 
Snelling and Goettsch (12). The difference be- 
tween the values for specific gravit}* given in their 
paper and the values obtained here may be due 
to the fact that in the former plasma was used 
and in the latter serum. Moreover, different 
methods were used. 

Our results on the colloid osmotic pressure of 
serums having concentrations of protein within 
normal limits correspond on the whole to those 
reported by Barath (2), Oelkers (13), Bonsmann 
(14), Tada and Nakazawa (15) and Kylin (5). 
Drinker and Field (17) have reported pressures 
for dog serum agreeing very closely with ours, 
especially in regard to the specific osmotic pres- 
sure of protein in normal dogs’ serum. Identical 
types of pressure curves were obtained for human 
and dog sera during the time of equilibration (see 
Figures I A and B). 

Inspection of Figure 1 shows that the pressure 
usually reaches a maximvun within five or six 
hours, in eight hours at the most, and that it is 
maintained at this level over a period of twenty- 
four hours. These curves may be regarded as 
showing normal stability of colloid osmotic pres- 
sure of serum protein. 


Changes of siabiliiy of pressure in cases of low 
serum protein 

When the content of serum protein was lowered 
considerably the stability of the colloid osmotic 
pressure was found to be markedly reduced. 
Curves obtained from such sera are shown in 
Figure 2. The relation of reduced stability of 
pressure to lowered protein content was confirmed 
in forty determinations, all of which gave the same 
types of curves varying one from another only 
in degree of declirity. The pressure began to 
fall gradually as soon as its maximum height 
was attained, and the rate of falling seems to have 
been quite constant in its whole course. The 
height of the maximal point depended upon the 
total concentration of serum protein, and in cases 
of like protein content it was little affected by 
greater albumin; globulin ratios (Table III). 
The time at which the pressure began to fall and 
the rate of its fall seemed to depend on the total 
protein content but may also have had some rela- 
tionship to the albumin : globulin ratio. In gen- 
eral, the higher the content of protein, the longer 
the period of time before the pressure began to 
decrease and the more slowly it fell. This rela- 
tionship is shown in Figure 2B, in which three 
different cases have been compared. 
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minutes at 120° C. When ready for use, the 
osmometer was filled with sterile serum and im- 
mersed in a water bath kept constantly at 30° C. 
by an electrical thermostat and a mechanical 
stirrer. Care was taken to maintain the room 
temperature at approximately 23° C. 

The pressure reading in the manometer was 
noted every half hour or every hour, adjusting 
the meniscus of the serum to the same point with 
the aid of a microscopic lens. During the night 
when observations were omitted, the stopcock was 
closed in order to cut the connection to the manom- 
eter and yet permit equilibration to continue with- 
out any gross change in the reading of the menis- 
cus. In the morning the stopcock was opened, 
the manometer was readjusted, and the readings 
were continued. In order to calculate the osmotic 
pressure the specific gravity of both the serum 
and the solution in the manometer (12 per cent 
sodium glycocholate in water) were taken into 
consideration. 

Routine examinations for possible sources of 
error in the apparatus were made. Sterilization 
produced no change in the permeability of the 
membrane (DuPont number 300 plain transparent 
cellophane). The difference in time required for 
equilibration of various concentrations of diffusi- 


ble substances was found to have no effect on 
the final result. The hydrostatic pressure of the 
liquid in the capillary tube above the cup holding 
the membrane and the capillary attraction were 
determined, and appropriate corrections were 
made in the computations of pressures. Duplicate 
or triplicate determinations were done except in a 
few cases where material was insufficient. The 
results usually agreed within ten millimeters of 
water with a maximum variation of fifteen milli- 
meters in some cases. 

RESULTS 

Colloid osmotic pressures of serum proteins in 
normal persons determined in this laboratory and 
previously reported by Fellows (10) show values 
ranging from 321 to 380 millimeters of water 
with protein content varying between 6.32 and 
6.81 per cent. Further data obtained on the 
serum of normal dogs and from patients whose 
total serum proteins were within normal limits 
are given in Table I. 

As may be noted, the specific gravity of the 
serum remains quite constant over a wide range 
of protein content, although there is some tend- 
ency for it to vary in the same direction as the 
concentration of protein (see also Table II). 


TABLE I 

Colloid osmotic pressure of normal stability 


Name 

Age 

and 

sex 

Specific 

gravity 

Total 

protein 

Albumin 

Globulin 

HI 

Total 

pressure 

Specific 

pressure 

Remarks 

I.G.. . 

years 

39 

cT 

1.032 

fer cent 

7.04 

fer cent 

5.31 

per cent 

1.73 

3.07 

mm. H-O 

330.0 

mm. HtO 

47.0 

Myxedema 

H.D.. 

28 

9 

1.032 

6.55 

4.84 

1.81 

2.76 

358.0 

54.0 

Chronic hemorrhagic nephritis 

M.P. . 

55 

9 

1.032 

6.36 

4.18 

2.18 

1.92 

332.0 

52.2 

Mitral stenosis 

F.D.. 

54 

9 

1.030 

6.28 

4.15 

2.13 

1.94 

304.5 

48.5 

Arteriosclerosis 

E.B. . 

12 

9 

1.031 

6.20 

3.43 

2.77 

1.24 

279.4 

45.0 

Chronic hemorrhagic nephritis 

W.A.. 

53 

9 

1.031 

5.81 

3.88 

1.93 

2.01 

290.9 

50.1 

Cardiac insufficiency 

A.N. . 

67 

9 

1.031 

5.56 

3.48 

2.08 

1.67 

279.0 

50.2 

Arteriosclerosis 

Dog 1 
Dog 1 
Dog 2 

9 

1.031 

6.17 

4.31 

1.87 

2.30 

323.1 

52.3 

Normal 

9 

1.031 

6.16 

4.28 

1.88 

2.27 

312.3 

50.7 

! Normal 

9 

1.031 

6.08 

4.25 

1.83 

2.32 

308.1 

t 50.8 

Normal 

Dog 2 

9 

1.031 

5.74 

4.24 

1.50 

2.82 

305.1 

53.2 

Normal 

Dog 3 
Dog 3 

9 


5.78 

3.88 

1.90 

2.04 

271.5 

47.0 

Norma! 

9 


5.55 

3.86 

1.64 

2.35 

272.5 

49.6 

Normal 



■I 




Average 

49.9 
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Houts 


Fig. Z-A. The Curve of Reduced Stability of Colloid Osmotic Pressure 
OF Serum Protein in Patient R. P. 

P indicates the total protein content of serum, A/G indicates the albimiin- 
globulin ratio, dots and circles represent duplicate analyses of the same serum. 

Fig. 2-B. The Comparison op Curves op Reduced Stabilitv of Colloid 
Osmotic Pressure in D iffer ent Patients. 

Each point represents the average of duplicate determinations. 

value for both the total and specific pressures, specific pressure. For instance, the average of 

On the other hand, the average of two or three duplicate maximum pressures of serum proteins 

readings at short intervals of time at the highest in Figure 2A were found to be 174.5 millimeters 

part of the curve yields a value for total pressure of water, the concentration of protein was 3.63 

approximating that obtained by multipljnng the per cent, giving a specific pressure of 48 milli- 
protein content by the average value of normal meters of water, which is close to our average 
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Hour* 

Fig. 1. The Curve of Normal Stability of Colloid Osmotic Pressure 
OF Serum Protein in Human (A) and in Dog (S'). 

P indicates the total protein content of serum, A/G indicates the al- 
bumin-globulin ratio, dots and circles represent duplicate analyses of the 
same serum. 


Curves 1 and 2 are from sera having almost 
the same content of protein, and are roughly com- 
parable. Curve 3 rose to the highest point, due 
to the higher content of protein and maintained 
it.s plateau of pressure longer than did Curves 
1 and 2. 

This raises the question as to what should be 
considered the real osmotic pressure of such pro- 


teins. Practically, the readings of the manom- 
eters come so close to each other, even in the 
declining part of the curve, if read several times 
within an hour or two, that taking their average 
at the end of twenty-four hours may seem to be 
justifiable. Under such circumstances, the final 
reading of the pressure at the end of a period 
of twenty hours or longer gives a relatively low 
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Fig. 3. The Change of Stabh,ity of Coelohj Osmotic Pressure of Serum 
Due TO Change in Concentration of Protein. 

Each point represents ^e average of duplicate determinations and gives the 
maximum pressure and the maximum duration of the stable period. P indicates the 
total protein content of serum, AjG indicates the albumin : globulin ratio. 


The effect of dilution of normal serum upon the 
stability of colloid osmotic pressure of 
serum protein 

Govaerts (1) assumed the cause of low osmotic 
pressure in nephrotic patients to be due to the 
dilution of the blood and the fall of the spedfic 
pressure of serum proteins. Vemey (11) re- 
ported that artifidal dilution of serum will cause 
a marked fall of spedfic pressure of serum pro- 
tein. Kjdin (5) recently found that the osmotic 
pressure of albumin or globulin per gram per 
100 cc. of water differed according to the concen- 
tration of the solution used in the determination 


of the pressure. When dilute solutions of these 
protein fractions were used, the specific pressure 
was far less than with higher concentration. 
Gronwall (16) also reported a similar relation 
between the spedfic pressure and the concentra- 
tion of the serum protein. 

Various dilutions of normal dog serum were 
prepared by the addition of 0.9 per cent saline at 
pH 6. All experimental manipulations were car- 
ried out under strictl}- aseptic conditions. After 
the osmotic pressure had been measured the pro- 
tein content of the solution in the osmometer was 
determined by the refractometer. Although this 
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TABLE III 

Total and specific pressure of serum protein obtained at 
the highest part of pressure curve in markedly 
low protein cases 


Name 

Age 

and 

sex 

Total 

protein 

A : G 
ratio 

Total 

pressure 

Specific 

pressure 

Remarks 

L.R. . 

25 

& 

per cent 

3.85 

1.05 

mm. HtO 

199.0 

mm. HiO 

51.7 

Nephrotic stage of 

L.R. . 

25 

& 

3.74 

2.40 

201.2 

53.7 

chronic hemor- 
rhagic nephritis 

Nephrotic stage of 

L.R. . 

25 

& 

3.71 

1 

1.65 

207.0 

55.8 

chronic hemor- 
rhagic nephritis 

Nephrotic stage of 

P.B... 

59 

d- 

3.56 

1.18 

192.3 

54.0 

chronic hemor- 
rhagic nephritis 

M.F.. 

43 

9 

3.58 

0.72 

188.0 

52.5 

I Lipoid nephrosis 
Nephrosis 

M.F.. 

43 

9 

3.56 

0.89 

197.2 

55.3 

Nephrosis 

M.F.. 

43 

9 

3.23 

0.87 

171.0 

53.0 

Nephrosis 

R.P. . 

40 

& 

3.48 

1.17 

182.9 

52.5 

Chronic hemorrhagic 

R.P. . 

40 

& 

3.45 

0.92 

206.1 

59.8 

nephritis 

Chronic hemorrhagic 

J.H... 

23 

9 

3.44 

2.30 

198.3 

57.7 

nephritis 

Chronic nephritis 





Average 

54.6 



normal value of 49.9 millimeters. The average of 
the final readings were 110 millimeters of water 
as total pressure, giving a specific pressure of only 
30.3 millimeters, which is comparable to the usual 
figure reported for hypoproteinemic sera by many 
workers. 

Change of stability of colloid osmotic pressure 
with change of patient’s condition 

In three nephrotic patients and one with chronic 
hemorrhagic nephritis determinations of osmotic 
pressure were made at frequent intervals during 
the course of illness. Data are presented in 
Figure 3. In these charts the average pressure 
from duplicate determinations made at the peak 
of the curve has been plotted as the ordinate, and 
the time at which the pressure began to fall has 
been taken as the abscissa. 

Figure 3**1 gives data from a case of chronic 
hemorrhagic nephritis in the nephrotic stage, 
klaximum pressures were proportional to the con- 
centration of protein in the different samples of 
serum. As usual with hyjxiproteincmia, all pres- 
sure readings were labile. 

Figure ZB presents data from a patient with 


lipoid nephrosis with slight edema, who improved 
steadily while under observation. The osmotic 
pressure increased with the increase of protein in 
the serum. Stability also increased as the con- 
centration of protein increased. The last exam- 
ination (Line 9) showed almost a normal curve 
of stability with a pressure of 270 millimeters of 
water and a concentration of protein of 5.39 per 
cent, giving a specific pressure of 50.2 millime- 
ters. Figure 3C presents a case of nephrosis with 
marked generalized edema. In six examinations 
of the serum the total proteins varied from 3.23 
to 3.89 per cent with reversal of the albu- 
min ; globulin ratio. The maximum pressure 
varied with the protein content, and all pressure 
readings showed a marked and uniformly de- 
creased stability. Figure 3D presents another 
case of chronic hemorrhagic nephritis with low 
serum proteins. The curves of the osmotic pres- 
sure closely resembled those shown in Figure 3C, 
the characteristic features being low A : G ratios 
and decreased stability. 

Other data obtained from several patients with 
lower serum protein which have not been included 
in Table I or the figures will be found in Table II. 
As attention has already been directed to the fact 
that it is difficult to decide what may be the true 
osmotic pressure in such cases of reduced stabil- 
ity, two values are given, one obtained at the 
peak of the curve and the other at the end of 
twenty-four hours. The differences between the 
respective, total and specific pressures at these 
two intervals of time are frequently quite strik- 
ing. Again, if one considers only the maximum 
pressure the specific pressure approaches the nor- 
mal value. Low total proteins when combined 
with low A ; G ratios seem to have been associated 
with the lowest pressure readings at the end of 
24 hours. 

Since the types of cases thus far considered in- 
clude beside various nephropathies, cases of heart 
disease, lymphatic leukemia and carcinomatosis it 
seemed probable that hypoproteinemia itself 
rather than some specific constituent of the ne- 
phrotic serum was responsible for the lack of 
stability of the colloid osmotic pressure. Sonie 
experimental data in support of this hypothesis 
have been obtained. 
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iTielhod of cstimaling conccntrntion of protein 
gives a somewhat higher value than the KJeldahl 
method it was found suftkicntly accurate for com- 
parative purposes. 

Since similar results were obtained whenever 
normal scrum was diluted in the manner de- 
scribed, the discussion has been limited to a typi- 
cal case. In Figure 4A, Cuia'C 1 shows the be- 
havior of the colloid osmotic pressure of the 
undiluted scrums while Curves 2 and 3 show the 
pressures obtained after sufficient saline had been 
added to reduce the concentration of protein to 
4.48 and 3.45 per cent respectively. The pressure 
of the diluted scrum had a distinct tendency to 
fall after about seven hours, the sample with 3.45 
per cent of protein falling more rapidly than the 
less dilute sample. The undiluted serum on the 
other hand maintained a constant pressure from 
the sixth to the twenty-fourth hour. The specific 
pressure of the normal serum was 54.5 milli- 
meters of water, those of the diluted sera 47.5 
and 43.5 millimeters respectively when computed 
at the end of twenty-four hours. However, the 
specific pressures, computed on the basis of maxi- 
mum pressure, proved to be the same in all three 
samples. 

Experiments were also performed, using sterile 
ultrafiltrate® from serum as the diluting agent. 
No difference was noted in the behavior of serum 
diluted with ultrafiltrate and that diluted with 
saline. The curves obtained were similar in all 
respects to those shown in Figure 4A. 

Serum which had been diluted sufficiently to 
reduce its concentration of protein to about three 
or three and a half per cent frequently gave a 
higher specific pressure (computed from the 
maximum pressure) than did the undiluted se- 
rum. This tendency for lower concentration of 
protein to yield high specific pressures was found 
to hold also for abnormal sera having protein 
contents within the same general range (Table 
III). 

Change of stability of osmotic pressure produced 
by concentration of hypoproteinemic serum 

Serum from patients with hypoproteinemia was 
concentrated aseptically by ultrafiltration, and its 
colloid osmotic pressure compared with the orig- 
inal serum. Five experiments using samples from 
different patients gave similar results. The data 


from a single experiment are presented in Figure 
45. Curve 1 represents the original serum con- 
taining 4.3 per cent of protein. Curve 2 that of 
the serum condensed to protein concentration of 
5.4 per cent, and Curve 3 that condensed to a 
concentration of 622 per cent. It w'ill be noted 
that the original serum had a relatively marked 
reduction in the stability of the osmotic pressure 
while the serum condensed to 5.4 per cent had im- 
proved in its stability. Further concentration to 
6.22 per cent produced a curve of normal stabil- 
ity. When one compares the specific pressures 
of these three samples, using the maximum pres- 
sure as the point of reference they are found to 
be almost equal to each other, namely, 50.2, 51.7 
and 50.6 millimeters of water. At the end of 
twenty-four hours Curves 2 and 1 representing 
the less concentrated sera gave specific pressures 
of 44.6 and 37.2 millimeters of water respectively. 
The behavior of the serum on concentratioa again 
suggests that the principal cause of reduced sta- 
bility of colloid osmotic pressure is dilution of the 
serum with respect to protein. 

DISCUSSION 

Inability to maintain a constant level of pres- 
sure for more than a few hours seems to be a 
characteristic of hj’poproteinemic sera, whether 
the lowering of the concentration of protein is 
produced by disease or dilution of normal serum. 
Although the present experiments fail to provide 
a basis for the interpretation of this phenomenon, 
they demonstrate that the maximum pressure de- 
veloped by such sera is about the same as the 
pressure derived by multipty-ing the observed con- 
centration of protein by the average specific pres- 
sure of normal serum. 

The falling of the pressure which was regularly 
observed in hj-poproteinemic sera seems to have 
been due to an unknown change in the protein 
occurring several hours after it had been placed 
in the osmometer. It is probable that a similar 
change does not occur in the body. It seems re- 
markable, however, that concentration of the pro- 
tein -was sufficient to abob’sh lability of pressure in 
such hj-poproteinemic sera. Other factors, such 

® Filtration was carried oat with a Zsigmoadv altra- 
filtration apparatus (Pfaltr and Bauer Inc., Xcw York) 
and an albumin proof ultrafine filter Xo. 1128. The 
filtrate obtained -was water clear, of pH 8 and had a spe- 
cific gravity of l.OK. 
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Fig. 4~A. The Effect of Dilution on the Stabilitv of Colloid Os- 
motic Pressure of Serum Protein. 

Cirn’c 1 represents the pressure of normal serum from dog. Curves 2 
and 3 represent those diluted with saline solution. P indicates the total 
protein content of serum, figures in parentheses give the specific pressure 
obtained at those points, figures in brackets give the predicted total pres- 
sure obtained from the protein content and the specific pressure in Curve 1. 

Fig. 4-P. The Effect of Concentration on the Stability of Colloid 
Osmotic Pressure of Serum Protein. 

Curve 1 represents the serum from a patient, with pressure of re- 
duced stability. Curves 2 and 3 represent those specimens condensed by 
ultrafiltration. Figures in parentheses give the specific pressures obtained 
at those points, P indicates the total protein content of serum. 
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method of cstimRling concentrntion of protein 
gives a somewhat higher value than the Kjeldahl 
method it was found sulTicicntly accurate for com- 
parative purposes. 

Since similar results were obtained whenever 
normal serum was diluted in the manner de- 
scribed, the discussion has been limited to a topi- 
cal case. In Figure 4.-1, Cur%-e 1 shows the be- 
havior of the colloid osmotic pressure of the 
undiluted scrums while Curves 2 and 3 show the 
pressures obtained after sufficient saline had been 
added to reduce the concentration of protein to 
4.48 and 3.45 per cent respectively. The pressure 
of the diluted scrum had a distinct tendency to 
fall after about seven hours, the sample with 3,45 
per cent of protein falling more rapidly than the 
less dilute sample. The undiluted serum on the 
other hand maintained a constant pressure from 
the sixth to the twenty-fourth hour. The specific 
pressure of the normal serum was 54.5 milli- 
meters of water, those of the diluted sera 47.5 
and 43.5 millimeters respectively when computed 
at the end of twenty-four hours. However, the 
specific pressures, computed on the basis of maxi- 
mum pressure, proved to be the same in all three 
samples. 

Experiments were also performed, using sterile 
ultrafiltrate® from serum as the diluting agent. 
No difference was noted in the behavior of serum 
diluted with ultrafiltrate and that diluted with 
saline. The curv'es obtained were similar in all 
respects to those shown in Figure AA. 

Serum which had been diluted sufficiently to 
reduce its concentration of protein to about three 
or three and a half per cent frequently gave a 
higher specific pressure (computed from the 
maximum pressure) than did the undiluted se- 
rum. This tendency for lower concentration of 
protein to yield high specific pressures was found 
to hold also for abnormal sera having protein 
contents within the same general range (Table 
III). 

Change of stability of osmotic pressure produced 

by concentration of hypoproteineniic serum 

Serum from patients with hypoproteinemia was 
concentrated aseptically by ultrafiltration, and its 
colloid osmotic pressure compared with the orig- 
inal serum. Five experiments using samples from 
different patients gave similar results. The data 


from a single experiment are presented in Figure 
4B. Curve 1 represents the original serum con- 
taining 4.3 per cent of protein. Curve 2 that of 
the serum condensed to protein concentration of 
5.4 per cent, and Curve 3 that condensed to a 
concentration of 6.22 per cent. It will be noted 
that the original serum had a relatively marked 
reduction in the stability of the osmotic pressure 
while the serum condensed to 5.4 per cent had im- 
proved in its stabiliU'. Further concentration to 
6.22 per cent produced a curve of normal stabil- 
it}‘. When one compares the specific pressures 
of these three samples, using the maximum pres- 
sure as the point of reference they are found to 
be almost equal to each other, namely, 50.2, 51.7 
and 50.6 millimeters of water. At the end of 
twentj'-four hours Curves 2 and 1 representing 
the less concentrated sera gave specific pressures 
of 44.6 and 37.2 millimeters of water respectively. 
The behavior of the serum on concentration again 
suggests that the principal cause of reduced sta- 
bilit>- of colloid osmotic pressure is dilution of the 
serum with respect to protein. 

DISCUSSION 

Inability to maintain a constant level of pres- 
sure for more than a few hours seems to be a 
characteristic of hj-poproteinemic sera, whether 
the lowering of the concentiation of protein is 
produced by disease or dilution of normal serum. 
Although the present experiments fail to proride 
a basis for the interpretation of this phenomenon, 
they demonstrate that the maximum pressure de- 
veloped by such sera is about the same as the 
pressure derived by multiplring the obser\'ed con- 
centration of protein by the average specific pres- 
sure of normal serum. 

The falling of the pressure which was regularly 
observed in h\-poproteinemic sera seems to have 
been due to an unknown change in the protein 
occurring several hours after it had been placed 
in the osmometer. It is probable that a similar 
change does not occur in the body. It seems re- 
markable, however, that concentration of the pro- 
tein was sufficient to abolish lability of pressure ia 
such hj-poproteinemic sera. Other factors, so'* 

spiltrafion v.-as carried cut with a Zsigmondy 
filtration apparatus (Pfaltz and Bauer Inc Men" 
and an albumin proof ultrafine filter No 
filtrate obtained v.-as water clear, of pH g ® 

dfic gravity of 1.014. 
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as alteration in pH of the serum during the pe- 
riod of equilibration, require further investiga- 
tion in this connection. 

It is evident that measurement of the colloid os- 
motic pressure at the end of twenty or twenty- 
four hours gives only an approximate idea of the 
total pressures which hypoproteinemic sera are 
capable of developing. In general, the lower the 
concentration of protein the less representative 
will be the twenty-four readings. A ; G ratios 
appear to have had little or no effect upon the 
development of maximum pressures. On the 
other hand, ratios below one seem to have been 
more frequently associated with low pressures at 
the end of twenty-four hours than higher ratios. 
However, the number of pathological sera which 
were observed during the full twenty-four hour 
period were too few to permit correct interpreta- 
tion of this finding. 

SUMMARY 

1. The colloid osmotic pressure of serum pro- 
tein has been determined by a type of osmometer 
which permits observations of the pressure to be 
made at any desired interval of time, and which 
insures sterility of the serum. 

2. Once the colloid osmotic pressure of serum 
having a normal concentration of protein was 
developed it was found to remain constant for 
sixteen to eighteen hours. 

3. The colloid osmotic pressures of pathological 
sera with low concentrations of protein were 
found to be unstable. After rising to a maximum 
during the course of three to five hours the pres- 
sure began to fall gradually. 

4. The reduced stability of the colloid osmotic 
pressure of hypoproteinemic sera was reproduced 
experimentally by dilution of normal serum with 
physiological saline or with the ultrafiltrate from 
normal serum. 

5. Concentration of the proteins of hypopro- 
tcinemic sera to 6 per cent or above by ultra- 
filtration resulted in a colloid osmotic pressure 
curve indistinguishable from that of normal 
scrum. 
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The mammary gland has a specific function, 
namely the secretion of milk. In the process of 
elaborating this unique fluid, the gland actually 
manufactures quantities of protein, fat and car- 
bohydrate, as casein, milk fat, and lactose are the 
specific substances produced. Since these con- 
stituents are not found in blood normally, they are 
assumed to be synthesized by the mammarj’ gland 
from the glucose, amino acids and the phospho- 
lipine brought to it by the blood ( 1 ) . My interest 
in the problem is limited to the carbohydrate 
metabolism, and this paper deals with the presen- 
tation of such data. If, as is generally accepted, 
the glucose of the blood is the raw material from 
which lactose is made, the question arises whether 
there is a quantitative relationship between the 
two. Can the concentration of the lactose be 
increased or diminished by altering the glucose 
concentration of the blood? 

There is considerable evidence obtained from 
animal experiments that the glucose of the blood 
is the precursor of the lactose of the milk. There 
are also on record perfusion experiments on ex- 
cised mammary tissue of animals which lend sup- 
port to this view. In addition, there are data 
derived from experiments which go a step further. 
These experiments demonstrate that not only is 
the lactose of the milk s>'nthesized from the blood 
glucose, but that there is a quantitative relationship 
bet^veen them as regards the concentration and 
the total quantity produced. 

In. 1884 Bert (2) removed the mammary glands 
of goats. These animals were then bred and 
after parturition a reducing substance was found 
in the urine. The urine of the control animals 
did- not contain this reducing substance. From 
such findings Bert made the following deductions ; 
First, that a hyperglycemic state occurs after par- 
turition to furnish the lactating gland with more 
material for the production of lactose, and second. 


that since the mammary gland is not present to 
utilize the sugar a mellituria develops. The na- 
ture of this reducing substance found in the urines 
of such experimental animals was not known until 
1909 when Porcher (3) confirmed Bert’s work 
and identified the reducing substance as glucose. 
Both of these investigators stated that the post- 
partum glycosuria of their experimental animals 
was of short duration. These experiments fur- 
nished indirect evidence that the body prepares 
itself for the process of lactation by an elevation 
of the blood sugar and that it is the glucose of 
the blood which is used for the manufacture of 
the lactose. There are other animal experiments 
which have a bearing on the problem, and which 
more definitel)- establish such a relationship. 
Kaufmann and Magne (4) working with cows, 
took samples of blood from the mammary vein 
and also the jugular vein for glucose studies. The 
specimen from the jugular vein was assumed to 
be comparable in composition to that of the mam- 
marj' arteiy-. In lactating animals the blood going 
to the mammaiy- gland as represented by the jugu- 
lar blood had eighteen per cent more glucose than 
the blood leaving it, while in non-lactating animals 
the sugar concentration of the blood showed no 
such difference. Caiy (5),' cited by Meigs, con- 
firmed these results. This investigator was ex- 
tremely careful to obtain specimens simultaneously 
from the jugular and mammarj' veins by means 
of cannulae in each so that the time variable 
would be minimized. 

The above experiments with living animals 
offer strong eridence that glucose is the precursor 
of the milk sugar. An additional clinical obser- 
vation lends further support to this conclusion. 

It is recogm’zed among dairv- men that bezvy milk- 
ing cows develop a condition known as milk fever 
and that this condition may develop acutely during 
the process of milking. The clinical picture and 
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as alteration in pH of the serum during the pe- 
riod of equilibration, require further investiga- 
tion in this connection. 

It is evident that measurement of the colloid os- 
motic pressure at the end of twenty or twenty- 
four hours gives only an approximate idea of the 
total pressures which hypoproteinemic sera are 
capable of developing. In general, the lower the 
concentration of protein the less representative 
will be the twenty-four readings. A : G ratios 
appear to have had little or no effect upon the 
development of maximum pressures. On the 
other hand, ratios below one seem to have been 
more frequently associated with low pressures at 
the end of twenty-four hours than higher ratios. 
However, the number of pathological sera which 
were observed during the full twenty-four hour 
period were too few to permit correct interpreta- 
tion of this finding. 

SUMMARY 

1. The colloid osmotic pressure of serum pro- 
tein has been determined by a type of osmometer 
which permits observations of the pressure to be 
made at any desired interval of time, and which 
insures sterility of the serum. 

2. Once the colloid osmotic pressure of serum 
having a normal concentration of protein was 
developed it was found to remain constant for 
sixteen to eighteen hours. 

3. The colloid osmotic pressures of pathological 
sera with low concentrations of protein were 
found to be unstable. After rising to a maximum 
during the course of three to five hours the pres- 
sure began to fall gradually. 

4. The reduced stability of the colloid osmotic 
pressure of hypoproteinemic sera was reproduced 
experimentally by dilution of normal serum with 
physiological saline or with the ultrafiltrate from 
normal serum. 

5. Concentration of the proteins of hypopro- 
teinemic sera to 6 per cent or above by ultra- 
filtration resulted in a colloid osmotic pressure 
curve indistinguishable from that of normal 
scrum. 
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Sktyzi-.n^ the catisicricy of the triiJk toelose after marked 
blood r.icar elezations 



F.ir.- 

Foncrrini; tl'.c in-resticn cf 

ICO jrarsa of j;iacc**c 



i hour 

I hoar 

2 hears 

i .. 

J 3 »:ours 

Patient J. G. 

Blood sugar, rngm. per 
100 cc 

221 

313 

341 

[ 5S4 

35S 

Lactose of milk, grams 
per 100 CO 

g.O 

7^ 

8.0 

1 

7.S 

Patient R. S. 

Blood sugar, rr.gm. per 
100 cc 

150 

ISO 

! 340 

1 

3S0 

1 

450 

Lactose of miik, grams 
per 100 cc.. .... . 

7.4 

7.7 

1 

i 

7.6 

7,5 

Patient E. K. 

Blood sugar, mgm.per 
100 cc 

102 

206 

213 

238 

189 

Lactose of milk, grams 
per 100 cc 

6.9 

6.2 

1 

5.6 

1 

5.8 

5.0 

Patient M. M. 

Blood sugar, rr.gm. per 
100 cc 

109 

172 

293 

299 

225 

Lactose of milk, grams 
per 100 cc 

7.3 

6.1 

7.0 

6.9 

6-7 

Patient H. 

Blood sugar, mgm. per 
100 cc 

104 

160 

244 

290 

I9I 

Lactose of milk, grams 
per 100 cc. 


5,2 

5,5 

5,6 

5.4 
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per ICO cc.. 
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3i Sours after 20 units cf 
insulin. 
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Patient R. 

B'cee sucar. mgm. Car 
100 ccf. . . . ' 

Lactose of milk, 'grams 
per ICO cc. 
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i 

115 

6.S 

31 hours afmr 20 unics cf 
insuliii. 

.1 i 

i e.5 
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100 cc. 
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per 100 cc. 

L7S 

7.1 
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•fct 
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cose content o f the blood. The results ot the four 
experiments in. v/hidi insulin vv-as administered 
refute such objections. 

It is now n-ell established that Hn dhtbetes., 
instilin aids in the utilihation of carboh^'drates. 
In other vv-ords ft con'verts. at least for the' period 
of its actiA-it].% a diabetic into a non-diil'etic. That 
being the case the four diabetic v.-umen. to vrhom 
insulin was gi'v'en and whose blood sugar and max 
lactose were studied, were for the period of the 
insulin activity normal, as regards their ability to 
utilize glucose. The sharp drop in the blood glu- 
cose follo'wing the administration of icsultn sup- 
port this inference. Yet. in spite of this pro- 
nounced fall in the blood glucose, three hours 
after the patient had receri'ed fnsnlin. the concen- 
tration of the milk sugar was not loa-ered. .-ks a 
matter of fact, it remained remarkably constant 
even though there was progressively less circti- 
lating glucose from which lactose was sv-nthesrrsd. 
This observation thus reveals that the lactanng 
diabetic woman secretes mils:, the lactose content 
of which does not differ from the normal, ar.c 
furthermore, the concentration of the lactose ts 
not irnduenced by variations in the bleed gmccse. 
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the laboratory evidence point to a hypoglycemic 
reaction. To remedy this condition measures are 
directed towards elevating the blood sugar. This 
has been done by either injecting glucose into the 
blood stream or by stopping the production of 
milk by inflating the udder with air. It has been 
inferred that the latter procedure is effective be- 
cause by terminating lactation it enabled the or- 
ganism to retain its glucose and thus maintain the 
concentration of this substance at a normal level 
in the blood and tissues. 

Foa (6), working with excised mammary glands 
of sheep, demonstrated that not only is the blood 
glucose a precursor of the milk lactose, but that 
a quantitative relationship exists between them. 
He perfused excised glands kept in Ringer’s solu- 
tion, and he could definitely increase the lactose 
content of the milk produced by increasing the 
concentration of glucose in the perfusing fluid. 
He also noted that blood and Ringer’s solution as 
the perfusing mixture caused a secretion of milk ; 
that Ringer’s solution and dextrose alone caused 
the secretion of a watery fluid containing lactose; 
that the glucose content of the perfusing fluid 
diminished as the breast continued to produce lac- 
tose, and furthermore that Ringer’s solution alone 
or with galactose did not result in the formation 
of lactose. These experiments offer conclusive 
evidence that the excised mammary glands convert 
glucose to lactose, and that the more glucose in 
the perfusing fluid, the greater was the concen- 
tration of the lactose produced. 

The application of such results to living animals 
might meet with objections because conditions are 
much altered, and furthermore the nervous con- 
trol of the secretory mechanism is removed. It 
would, therefore, be desirable to produce a hyper- 
glycemia in the living animal and note the resulting 
concentration of lactose from such a procedure. 
In the normal living animal Meigs (7) states that 
the concentration of milk sugar is most constant 
and is in no way affected by variations in the diet. 
This statement is not an unexpected finding as it 
is difficult to produce abnormal elevations in the 
glucose concentration in the blood of normal ani- 
mals by increasing the carbohydrate content of 
the diet. Given, however, a lactating diabetic 
patient whose blood sugar can be elevated to mark- 
cdlv abnormal levels, or whose blood glucose can 


also be dropped below the normal concentration, 
what effect will such procedure have, on the lactose 
concentration of the milk? 

In an attempt to answer this question five 
diabetic lactating mothers were employed. All 
were about two weeks postpartum. The severity 
of the diabetes varied but all were controlled 
without much difficulty while in the hospital. The 
control of their diabetes was somewhat more diffi- 
cult while they were cared for in the outpatient 
department during the antenatal period, but at no 
time were they serious problems. One of the 
patients was managed by diet only. The other 
three required insulin to maintain the urine free 
from sugar. The maximum amount used in any 
case was 30 units, the minimum was 15 units. 
The youngest patient was 30 and the oldest 40 
years old. The blood sugar was elevated by the 
administration of glucose by mouth. All of the 
patients were given 100 grams of glucose, before 
breakfast. Blood was drawn before and at 
1, 2, and 3 hours following the ingestion of the 
glucose. The blood specimens were obtained 
from the antecubital vein and discharged into 
tubes containing about 2 mgm. of potassium oxa- 
late for each cubic centimeter of blood. The 
breast milk was obtained at about the same time 
intervals by means of a breast pump. The first 2 
or 3 cc. of milk collected at the times specified 
were discarded. The remainder was used for 
analysis. 

In four of the patients, the blood glucose and 
lactose of the breast milk were studied following 
the administration of insulin. These patients re- 
ported before breakfast at which time a blood and 
milk sample were obtained. Following this, in- 
sulin was administered subcutaneously. The 
amount given varied in each case and depended 
on the height of fasting blood sugar. The exact 
amounts injected are shown in Table II. About 
3^ hours later, when symptoms of nervousness, 
hunger and a feeling of heat became apparent, 
blood and milk samples were again obtained. It 
was felt that the clinical manifestations mentioned 
were early symptoms of a hypoglycemia. During 
this experimental period none of the patients 
received any food or fluids. 

The glucose of the blood was determined by 
the colorimetric method of Benedict (8). The 
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lactose of the milk was clone by the procedure 
of Owen and Gregg: (9). 

From Tables I and II it is obvious that the 
concentration of the milk sugar in the human 
lactating diabetic is constant, and is not influenced 
by the quantity of blood glucose circulating at a 
given time. This fact is not in accord with Foa’s 
conclusions, but the difference might be easily 
accounted for by the clitTerencc in experimental 
conditions. The above data are based on results 
obtained on living diabetic women, while Foa's 
conclusions were drawn from results of perfusion 
experiments in which excised breasts of non- 
diabetic animals were used. 

The validity of the foregoing conclusions might 
also be questioned as far as their applicability to 
normal non-diabetic women is concerned. The 
carbohydrate metabolism in the latter is normal, 
and it may therefore be argued that in healthy 
non-diabetic women, the lactating breast may varj- 
its lactose concentration with changes in the glu- 


TABLE r 

Skoii-iiig the constancy of the milk lactose after marked 
blood sugar elevations 



Fast- 

ing 

Follcnrins the inrestion of 

100 grams of glucose 


i hour 

1 hour 

2 hours 

5 hours 

Patient J. G. 

Blood sugar, mgm. per 
100 ec 

221 

313 

341 

384 

358 

Lactose of milk, grams 

8.0 

7.5 

8.0 

8.2 

7.8 





Patient R. S. 

Blood sugar, mgm. per 
100 cc 

! 

i50 

1 

ISO 

340 

380 

450 

Lactose of milk, grams 

1 

' 7.4 

7.7 

7.6 

7.6 

7.5 





Patient E. K. | 

Blood sugar, mgm. per 

102 

206 

213 

238 

189 

Lactose of milk, grams 

6.9 

6.2 

5.6 

5.8 

S.O 


1 

1 

1 


Patient M. M. 

Blood sugar, mgm. per 

109 

172 

293 

299 

225 

Lactose of milk, grams 

7.3 

6.1 

7.0 

6.9 

6.7 





Patient H. 

Blood sugar, mgm. per 

104 

160 

244 

290 

191 

Lactose of milk, grams 

5.3 

5.2 

5.5 

5.6 

5.4 
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Showing the constancy of the milk lactose after marked 
lowering of the blood sugar 



j Fast- 
in?: 


Patient J. G. 

Blood sugar, mgm. per 
100 cc 

277 

31 hours after 30 units of 
insulin 

85 

Lactose of milk, grams \ 
per JOO cc 

7.9 


7.9 



Patient H. 

Blood sugar, mgm. per 
100 cc 

147 

31 hours after 20 units of 
insulin 

s-J 

Lactose of milk, grams 
per 100 cc 

6.0 


5.8 



Patient R. 

Blood sugar, mgm. per 
100 cc 

II9 

3J- hours after 20 units of 
insulin 

44 

Lactose of milk, grams 
per 100 cc 

6.3 


6.5 



Patient S. 

Blood sugar, mgm. per 

OQ 

I"-. 

3| hours after 25 tinits of 
insulin 

A4 

Lactose of milk, grams 
per 100 cc 

1 

7.2 1 


6.9 




cose content of the blood. The results of the four 
experiments in which insub’n was administered 
refute such objections. 

It is now well established that in diabetes, 
insulin aids in the utilization of carbohydrates. 
In other words it converts, at least for the period 
of its activit}-, a diabetic into a non-diabetic. That 
being the case the four diabetic women, to whom 
insulin was given and whose blood sugar and milk 
lactose were studied, were for the period of the 
insuh’n activity normal, as regards their abilitv- to 
utilize glucose. The sharp drop in the blood glu- 
cose following the administration of insulin sup- 
port this inference. Yet, in spite of this pro- 
nounced fall in the blood glucose, three hours 
after the patient had received insulin, the concen- 
tration of the milk sugar %vas not lowered. As a 
matter of fact, it remained remarkably constant 
even though there was progressively less dreu- 
lating glucose from which lactose was smthesized. 
This observation thus reveals that the lactating 
diabetic woman secretes milk, the lactose content 
of which does not differ from the normal, and 
furthermore, the concentration of the lactose is 
not influenced by variations in the blood glucose. 
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SUMMARY AND CONCLUSIONS 

Five diabetic, lactating women were studied to 
determine whether a quantitative relationship 
exists between the concentration of glucose in the 
blood and of lactose in the milk. The blood 
sugar was elevated by means of glucose ingestion 
and lowered by varying doses of insulin. It was 
found in every instance that the concentration of 
lactose in the breast milk remained remarkably 
constant in spite of very marked elevations or 
depressions of the blood glucose concentration. 

My thanks are due to Dr. Henricus J. Stander 
of the Department of Obstetrics and Gynecology 
for the opportunity of studying the cases. Mr. 
J. Francis Cadden performed the milk analyses. 
This is gratefully acknowledged. 
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Amoiio the evidence ui)fni wliicli the clcctro- 
cardio"raphic localization of Innulle branch block 
depeiuLs i.s the experiment iierfornied by Lewis on 
a Rhesn.s monkey. 'I'hi.s re.^iilt he considered to 
he crucial, and it formed in larjte jtart the basis 
from which he derived his views regarding the 
levocardiogram and dc.xtrocardiogram f 1 ) . Since 
his findings are in direct conflict with so much 
other convincing evidence it was decided to re- 
I)cat this work. It is the purpose of the present 
communication to present the electrocardiographic 
changes consequent to transection of the main 
branches of the Bundle of His in a series of 
Rhesus monkeys. 

METHOD 

Twelve adult Rhesus monkeys were used, the 
anesthesia being ether by inhalation. German 
silver wire electrodes were inserted under the skin 
of the extremities. The chest was opened in the 
anterior axillary line on the left side following 
the institution of artificial respiration, and a verti- 
cal slit was uTiide in the pericardium in order to 
expose the heart. Control electrocardiograms, 
using the three standard leads, were taken before 
and after the chest cavity was entered. 

The branches of the Bundle of His were cut 
with a Knapp knife needle, the method used be- 
ing a slight modification of that employed in a 
previous investigation ( 2 ). If electrocardio- 
grams taken after the initial attempt remained 
normal, the knife was reinserted and the opera- 
tion repeated. Following the production of the 
desired lesion, as manifested by electrocardio- 
graphic alterations, tracings were recorded at in- 
ter\’als to note the permanency of the change. 

After one or the other branch was cut, pre- 
mature contractions were produced by single in- 
duction shocks applied to the outer walls of the 
heart. At the completion of each experiment the 

' Read by title at the Proceedings of the American So- 
ciety for Clinical Investigation, Atlantic City, May 6, 


heart was examined and the position and extent 
of the cut observed. In most specimens the main 
branches could be seen macroscopically directly 
beneath the endocardium, and without difficult}' 
the location of the section could be ascertained. 
For further confirmation histologic studies were 
made on two of the hearts. 

RESULTS 

In two successful experiments the left branch 
was cut and in a similar number the right. In 
several other instances repeated attempts were 
necessary before successful transection of a divi- 
sion was accomplished. Xone of these was in- 
corporated in the results because the electro- 
cardiographic alterations were complicated by ex- 
tensive injury to the myocardium or to the bundle 
itself. Also, none was used in which there was 
damage to the septum of the opposite ventricle. 
However, no data generally inconsistent with re- 
corded results were obtained. 

Of the two experiments in which the left 
branch was definitely cut, the subsequent electro- 
cardiograms in both instances showed an initial 
main deflection in Lead I which was upwardly di- 
rected and widened with a terminal wave down- 
wardly directed. Lead III presented a widened 
negative ORS complex with the terminal wave 
opposite in sign. The curves were therefore of 
the discordant t}-pe (in the sense employed by 
Lewis) (Figure 1). 

In the two instances of successful transection 
of the right branch, the QRS complex was wid- 
ened and downwardly directed in Lead I with a 
terminal upward wave. In Lead III the main 
deflection was upright in one instance and the 
reverse in the other, the terminal wave always 
being opposite to the main deflection. On tran- 
section of the right branch, therefore, the curve.s 
were either concordant or discordant, with the 
main deflection in Lead I being consistently nega- 
tive (Figures 2 and 3). 
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Fic. 3. Transection of Right Branch of Bundle of His. 
normal standard three leads. B. following transection, concordant type of 
curves produced. 


In the in.stances in whicli e.xtra.systoles were 
obtained from one or tlie otlier ventricle, the re- 
sults coincided with the above data. On stimu- 
lating the anterior wall of the right ventricle mid- 
way between ape.x and base, the initial main 
deflection in Lead I was upwardly directed (Fig- 
ure 1), while a similar procedure applied to the 
left ventricle produced e.xactly opposite results. 
In other words, activation of the right ventricle 
before the left, either because of transection of 
the left main branch or direct stimulation of the 
right ventricle itself, affected Lead I so as to 
cause the main deflection to be positive, A cor- 
responding relationship was found to be present 
also in the case of transection of the right branch 
and stimulation of the left ventricle. 

COMMENT 

The uncertainty concerning the electrocardio- 
graphic distinction between right and left bundle 
branch block still exists, although the new termi- 


nology- has come to be widely accepted. On the 
other hand, some authors have either adhered to 
the older viewpoint or else have stated that pres- 
ent data will not permit a definite decision. 

In the efiort to settle tlie difficulty a great deal 
of discussion and some very substantial evidence 
have been presented, all of which has been ade- 
quately reviewed in recent publications. In sup- 
port of the classical terminology no e.xperiment 
has been more widely cited than that of Lewis in 
which he compressed the right branch of the 
Bundle of His in a single Rhesus monkey. His 
original report does not include the actual records, 
but a chart representing the temporal and quanti- 
tative relationships of the initial ventricular de- 
flections is illustrated ( 5 ). This chart shows an 
upwardly directed chief initial deflection in Lead 
I and a downwardly directed corresponding de- 
flection in Lead HI, Lewis called this the levo- 
cardiogram. and from this data calculated a curve 
representative of the effects of left branch block 
in which the initial deflection is downward in 
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Lead I and upward in Lead III; this he called 
the dextrocardiogram. 

So far as we know this experiment has been 
repeated but twice. Wilson and Hermann cut 
the right branch in one monkey but unfortunately 
obtained concordant curves (4). Subsequent 
transection of the left branch resulted in com- 
plete heart block. Since the completion of our 
experiments Kountz and his associates reported 
the effects of transection of the right branch in 
two monkeys and of the left in one (5). In the 
former, discordant curves were obtained which 
were down in Lead I and up in Lead III. In the 
latter, a curve was produced that was up in Lead 
I and down in Lead III. Their results and ours 
therefore are the direct opposite of those re- 
ported by Lewis. 

SUMMARY 

Following division of the left main branch of 
the His Bundle in the Rhesus monkey, the chief 
initial deflection of the electrocardiogram is up- 
right in Lead I and downward in Lead III. 

Division of the right branch results in initial 


deflections downwardly directed in Lead I and 
either upward or downward in Lead III. 

Stimulation of the ventricle contralateral to the 
lesion produced complexes, the deflections of 
which corresponded in direction to those of the 
bundle branch block. 

The recorded data are further evidence in sup- 
port of the new terminology of bundle branch 
block localization. 
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The comparatively few accurate studies of the 
nitrogen balance which have been made during 
- chronic active stage of nephritis have been 
rerned chiefly with the quantitative aspect of 
1 protein requirement (17)- Little attention 
has been given to the kind of protein fed and its 
effect upon hypoproteinemia. proteinuria and the 
storage of protein in the tissues.^ The problem 
of hypoproteinemia is of especial interest, since no 
satisfactorj- means of increasing the concentration 
of the serum proteins of the nephritic has been 
discovered. Recently a systematic attempt has 
been made by Whipple and collaborators ( 10, 20) 
to ascertain factors governing the regeneration of 
plasma proteins. By repeated plasmapheresis of 
the dog they have shown the existence of a reserve 
depot containing precursors of the serum proteins. 
The quantit}' of protein released by the depot under 
the stimulus of depletion was often two or three 
times greater than the total amount of plasma 
protein originally present in the circulation. 
When the reserve had been exhausted the effect of 
different food proteins on the rate of regeneration 
was measured. The most satisfactor)- responses 
in order of decreasing potency were given by beef 
serum, smooth muscle, lactalbumin, boiled white 
skeletal muscle and liver. Owing to the 
excellent response of the experimental animal it 
seemed logical to test the effect of some of these 

^ Aided by a grant from the Fluid Research Fund 
contributed by the Rockefeller Foundation. 

■ A paper published by Liu and Chu ( J . Clin. Invest., 
1935, 14, 293) after the completion of this manuscript 
has come to our attention. Problems dealt with in their 
report are similar to some of those mentioned here. Since 
their findings do not appear to invalidate any of our 
observations the reader is referred to their article- with- 
out further comment. 


proteins on the hypoproteinemia of nephritis. The 
general scheme has been to superimpose the test 
protein on standard diets with the object of deter- 
mining whether the ingestion of the supplementary 
protein would increase the concentration of the 
serum proteins, either directI}' by increasing the 
rate of regeneration, or indirectlj' by first re- 
pairing losses from the tissue proteins. In one 
case the experiment was continued for seven 
months in order that ample time might be provided 
for replacement of lost body protein, while in 
another instance the utilization of protein was 
studied at different levels of caloric intake. 

EXPEP-rilENTAL PEOCEDDRZS 

Subjects. The major part of the report is devoted to 
an investigation of tv/o patients. The first was in the 
degenerative stage of chronic hemorrhagic Bright’s dis- 
ease. The second was a man whose illness was of shorter 
duration, and closely resembled a true nephrosis. Both 
patients were studied in the metabolism division of the 
hospital, where their diets were prepared and sampled 
in a manner previously described (I). 

The third patient, also in the degenerative stage of 
chronic active hemorrhagic Bright’s disease, was studied 
on the general medical division. His diets were pre- 
pared in the special diet kitchen of the hospital but were 
not sampled or analyzed. 

Diets. The plan of varying the constituents of the 
diet differed with each subject, which necessitates a sep- 
arate discussion of each case. In general the plan was 
to keep each patient on a control (basal) diet, from time 
to time superimposing the protein to be tested or addi- 
tional calories in the form of carbohydrate and fat. 

To provide some variety three menus were prepared 
for each dieL These varied slightly but had the same 
caloric and protein content, and vyre fed consecutively 
during each three day period. The patients thus ate the 
same food every third day. All of the diets were pre- 
pared without salL 

Protein supplements. With one exception, wnich is 
discussed under the case of L, R-, the protein supplements 
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were superimposed on the basal diet, giving an increase 
in caloric intake corresponding to the amount of the 
supplement. The supplements were divided into three 
equal portions and given together with the meals. 

Laclalbuinin was obtained from the Harris Labora- 
tories. Its nitrogen content as given by the manufacturer 
was confirmed by analysis. 

Serum protein was prepared from the serum of cattle. 
That given to the first patient was precipitated by the 
addition of one and a half volumes of 'alcohol, that given 
to the second patient by coagulation with heat at 80° C. 
In each case the precipitate was washed with 95 per cent 
alcohol, dried in a vacuum oven at 50° C., and reduced 
to a powder in a ball mill. 

Liver protein was given in the form of the dried com- 
mercial residue remaining after the factors potent in the 
treatment of primary and secondary anemias had been 
extracted from fresh liver. Before feeding, the material 
was treated with hot alcohol in a Bloor extractor for 
about 48 hours, thus removing some pigments and rancid 
fats which gave the unextracted product an unpleasant 
odor and taste. The purified and dried residue, containing 
about 82 per cent protein, was reduced to a fine powder 
in a ball mill. 

Egg white. The quantity of boiled egg white required 
to supply the desired amount of protein was computed 
from data published by Rose (21), and this amount was 
fed daily with the basal diet. The supplementary feed- 
ings were sampled with the other items of food and the 
difference between the average total nitrogen intake of 
these periods and the basal nitrogen intake was taken to 
be the amount in the supplement. 

Methods. The nitrogen content of the diets, the stools 
and the daily urine was determined by a macro-Kjeldahl 
method (19). The protein content of the diets was com- 
puted as diet nitrogen X 6.25, no allowance being made 
for the presence of nitrogen extractives in the food. 
Because of the many steps involved in preparing, sam- 
pling and analysing, it was found that the most reliable 
estimate of the amount of nitrogen eaten in each period 
was derived by taking the mean of all analyses for the 
diet concerned. The protein of the urine was determined 
by the micro-Kjeldahl method described by Peters and 
Van Slyke (19). Serum proteins were determined by 
the method of Howe (19). Blood for these determina- 
tions was drawn without stasis in the morning, about 
fourteen hours after the previous meal, and while the 
patients were still recumbent. Plasma volumes were de- 
termined by the dye method of Keith, Rowntree and 
Geraghty (12) as modified by Hooper, Smith, Belt and 
Whipple (11). The patients were weighed at the same 
time each morning after emptying the bladder and prior 
to the ingestion of food. The stools were separated by 
means of carmine given at the beginning of each meta- 
bolic period (1). 

Calculalior. of nitrogen and protein balances. Peters 
and Bulger (17) have shown that it is impossible to 
obtain an accurate estimate of the protein balance without 


taking account of the changes in concentration of non- 
protein nitrogen in the body fluids. 

The following example is cited to illustrate the method : 

In the first patient the greatest change in nonprotein 
nitrogen took place during Period 9. At the end of 
Period 8 the nonprotein nitrogen of the patient’s blood 
was 32 mgm. per 100 cc. and he weighed 69.7 kilograms. 
The nonprotein nitrogen stored in his body was estimated 
as being 69.7 X 0.7 X 0.32 = 15.6 grams.® During Pe- 
riod 9 the protein in his diet was increased and at the end 
of the three day period the blood nonprotein nitrogen was 
52 mgm. per 100 cc. His weight being 69.8 kilograms, 
the nonprotein nitrogen content of the body was estimated 
as being 69.8 X 0.7 X 0.52 = 25.4 grams. Therefore, the 
nonprotein nitrogen content of the body was estimated 
to have increased 9.8 grams during this period. 

The balance of the calculations were as follows : 

Intake 85.70 grams 

Urine N.P.N 38.6 grams 

Stool N ^ 3.66 grams 

Increase of body N.P.N. . . 9.8 grams 


N from catabolized protein 52.06 grams 
N lost as urine protein .... 7.9 grams 


59.96 grams 

Subtracting this sum from the intake .... 59.96 grams 


N deposited as protein 25.74 grams 

N of urine protein 7.9 grams 


N equivalent to total amount of protein 
synthesized by the body 33.64 grams 

The term “ total protein synthesized ” has been used to 
include the protein deposited and protein lost in the urine. 
The latter was either made from the diet or withdrawn 
from the protein stores of the body. In either case the 
ability of the body to recapture food protein was partly 
expended in counterbalancing proteinuria. 

The same method of computation was used when there 
was a decrease of body protein either because of catabo- 
lism or proteinuria. In such instances a negative value 
is found in the columns designated “ deposited protein." 
(Tables I and IV, Figures 1 and 2.) 

3 This approximation may be made by assuming that 
the body water constitutes 70 per cent of the body weight, 
its nonprotein nitrogen concentration being the same as 
that found in the blood. Edema fluid, when present, was 
considered to contain 90 per cent water (17). 

^ The consideration of all of the nitrogen of the stools 
as catabolic is probably not correct in all instances. For 
calculating the biological values of proteins the method 
of Mitchell (15) which involves the deduction of unab- 
sorbed nitrogen from the intake is more accurate. In the 
present instance the deduction of unabsorbed nitrogen 
from the intake is not necessary since the purpose of the 
experiment was to determine the utilization of the foods 
as eaten. 
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A slight error was probably involved in the correction 
for changes in the stores of nonprotcin nitrogen, and for 
this reason periods which came at the time of such read- 
justment were never used as controls. For the most part, 
the calculations of nitrogen balances were not complicated 
by the presence of edema. 

ransF-NTATiOK of pata 

Case Kumher 1. Degenerative stage of chronic hemor- 
rhagic Bright’s disease. L. R. was a 25 year old ac- 
countant who developed edema in /Xpril, 1933, eight or 
ten d.ays after a severe upper respiratory infection. He 
v.as found to have proteinuria, hematuria, and cjdindruria. 
The edema disappeared on restricting salt, but general 
malaise persisted until entrance to the hospital on July 
31. 1933. 

Physical examination at that time showed a well de- 
veloped man. There was no edema. The eyegrounds 
were normal. The systolic blood pressure was 120 mm. 
Hg, the diastolic was 75 mm. Hg. Purulent material 
could be expressed from the left tonsil. Other foci of 
infection were not found. Tonsillectomy was performed 
on August 8th, and revealed bilateral tonsillar abscesses 
from which hemolytic streptococci were grown. Recov- 
erj- from the operation was uneventful, and at discharge 
he was advised to take a diet containing approximately 
100 grams of protein and low in salt. 

He returned for observation several times during the 
summer, and on October 6th, 1933 was admitted to the 
metabolism division of the hospital for study. The 
physical examination at this time revealed evidence of 
very slight edema of the ankles which disappeared during 
the first few days on a salt free diet. The systolic and 
diastolic blood pressures were 115 and 75 mm. Hg 
respectively. 

During the seven months of residence in the metabolism 
division he remained in excellent spirits and improved 
physically, but there was little change in the status of his 
renal disease. In April, a repetition of the roentgeno- 
grams of the teeth suggested periapical absorption around 
a lower right molar which was e.xtracted on April 24th. 
Temporary increase in albuminuria followed this pro- 
cedure as indicated in Table I, Period 67. Cultures of 
the extraeted tooth yielded only diphtheroids. 

Laboratory findings: Urine : August 3, 1933. About 10 
grams protein in 24 hours. Addis sediment counts: 


Fonned elements in millions 
per 12 hours 



R.B.C. 

Epithelial 1 
and 

W.B.C. ! 

Casts 

Aug. 3, 1933 

18 

29 

7.4 

Sept. 19, 1933 

28 

35 

1.3 

Dec. 28, 1933 

13 

8 


Apr. 26, 1934 

15 

12 

1.2 

May 15, 1934 

9.5 

10 

.6 


Urea clearance tests: 


per cent 


Aug. 2, 1933 
Sept. 22, 1933 
Oct. 18, 1933 
Xov. 15, 1933 
Dec. 29. 1933 
May 14, 1934 


42 

47 

43 

64 (high protein diet) 
60 (high protein diet) 

48 


Blood hemoglobin content: 

grams per 100 cc. 

July 31, 1933 12 

Oct. 20, 1933 13.4 

Jan. 9, 1934 13J 

Mar. 10, 1934 13.5 

Scrum protein: Aug. 1, 1933, 4.3 per cent (colorimetric 
method) ; September 19, 1933, 4.2 per cent (colorimetric 
method). Subsequent determinations (done by the 
method of Howe) are recorded in Table II. 

The blood Wasserman reaction, blood sugar, blood non- 
protein nitrogen, and CO; capacity of the serum were 
normal. A culture of the blood remained sterile. 

Diet. The daily basal diet given in all periods except 
numbers 9 to 27 inclusive (Table I and Figure 1) con- 
tained 399 grams of carbohydrate, 119 grams of fat and 
67.5 grams of protein, with an energy value of 3020 
calories. The sources of protein (in grams) were as fol- 
lows: Vegetable, 24.3; milk, 11.6; egg, 8.1; meat, 23.5; 
total, 67.5. Of the meat protein 55 per cent was derived 
from ground beef steak, 28 per cent from ground veal 
steak and 17 per cent from tuna fish. Fluid intake was 
fixed at 2500 ml. 

In Periods 9 to 27 inclusive the patient received a high 
protein diet containing 249 grams of carbohydrate, 134 
grams of fat and 185 grams of protein, giving a caloric 
intake of 3030. 

The protein (in grams) came from the following 
sources: Vegetable, 25.9; milk, 42.9; egg, 37.1; meat, 
79.1 ; total, 185. The meat fraction consisted of 79 per 
cent ground beef steak and 21 per cent ground veal steak. 

Following Period 27 there was a series of periods 
during which the patient received the basal diet plus 
various protein supplements. These supplementary pe- 
riods were alternated with a series of control periods 
when the basal diet alone was given. The exact order in 
which these followed each other is indicated in Table I 
and Figure 1. 


Explanation of tables. In Table I and Figure 1 ■ 
are given the significant data from the nitrogen 
balances. Periods in which an obvious change in 
the metabolism of nitrogen was taking place have 
been listed separately, while those in which condi- 
tions were found to be essentially constant have 
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TABLE I 


Case 1, L.R. — Protein metabolism 


Period 

Protein intake 

Calories 

per 

diem 

Weight 

In- 

take 

Pn 

Catabolizec 

protein 

otein metabi 

1 Urine 
protein 

5lism 

Deposited 

protein 

Total 

protein 

syntlie- 

sized 

S days each 

grams per diem 



grams N 

grams N 

grams N 

grams N 

grams N 





per period 

per period 

per period 

per period 

per period 




68.6 






1 



67.9 

33.83 

21.65 

4.82 

7.21 

12.18 


Basal diet 70 

3020 







2 to 8. . . 



69.7 

33.83 

• 21.58 

5.27 

6.71 

12.25 

9 



69.8 

85.70 

52.06 

7.90 

25.74 

33.64 

10 



70.1 

85.70 

61.32 

7.35 

17.03 

24.38 

11 

Diet 180 

3030 

70.0 

85.70 

63.69 

7.26 

14.75 

22.01 

12 



70.5 

85.70 

66.93 

7.03 

11.74 

18.77 

13 to 27. . 



73.3 

85.70 

70.90 

6.09 

8.71 

14.80 

28 

Basal diet 70, lactalbumin 50 

3225 

73.7 

56.13 

45.30 

5.03 

5.80 

10.83 

29, 30 . . . 



74.7 

56.13 

44.87 

5.07 

6.19 

11.26 

31, 32. . . 

Basal diet 70, lactalbumin 100 

3430 

75.4 


60.84 

6.54 

11.05 


33, 34... 

1 


75.6 


63.26 

6.76 

8.41 


35, 36... 



76.2 

33.83 

30.24 

5.31 

- 1.72 

3.59 

37 

Basal diet 70 

3020 

75.7 

33.83 

29.42 

5.18 

- 0.77 

4.41 

38 



75.8 

33.83 

27.34 

5.16 

1.33 

6.49 

39 



75.9 

54.87 

34.92 

6.15 

13.80 

19.95 

40 

Basal diet 70, egg white (cooked) 

3005 

75.4 

54.87 

38.10 

7.70 

9.07 

16.77 

41, 42.. . 


1 

75.8 

54.87 

39.90 

7.47 

7.50 

14.97 

43, 44... 


3200 

77.1 

54.87 

40.72 

6.58 

7.57 

14.15 

45 to 47 . . 

Basal diet 70, egg white 23 

3100 

75.9 

44.71 

31.90 

5.68 

7.13 

12.81 

48 

Basal diet 70 

3020 

76.2 

33.83 

26.65 

5.65 

1.53 

7.18 

49, 50... 



76.0 

33.83 

26.51 

5.74 

1.58 

7.32 

51 

Basal diet 70 

3060 

76.0 

38.63 

28.91 

4.91 

4.81 

9.72 

52 

Serum protein 10 


75.9 

38.63 

28.68 

6.22 

3.73 

9.95 

53 



75.8 

38.63 

28.87 

6.10 

3.66 

9.76 

54 

Basal diet 70 

3120 

76.0 

45.83 

32.73 

6.54 

6.56 

13.10 

55 

Serum protein 25 


75.7 

45.83 

35.81 

6.26 

3.76 

10.02 

56 



75.8 

45.83 

36.10 

6.17 

3.56 

9.73 

57 

Basal diet 70 

3225 

mm 

57.83 

42.81 

6.82 

8.20 

15.02 

58 

Serum protein 50 



57.83 

47.43 

6.10 

4.30 

10.40 

59 




57.83 

49.06 

5.97 

2.80 

8.77 

60 to 62 . . 

Basal diet 70 

3020 

75.2 

33.83 

29.43 

5.30 

- 0.90 

4.40 

63 



75.2 

33.83 

28.75 

4.59 

0.49 

5.08 

64 

Basal diet 70 


75.6 

57.83 

41.80 

6.18 

9.85 

16.03 

65 

Liver residue protein 50 

3225 

75.0 

57.83 

44.79 

7.64 

5.40 

13.04 

66 



75.0 

57.83 

46.49 

7.54 

3.80 

11.34 

67 



74.7 

57.83 

46.47 

10.04 

1.32 


68, 69 . . . 

Basal diet 70 

3000 

75.5 

33.83 

29.60 

5.63 

- 1.40 

4.23 

70; 71... 



75.3 

33.83 

28.02 

4.54 

1.27 

5.81 
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Fig. 1. Case 1, L. R. 
Protein Metabolism. 


been grouped together, and average values have 
been recorded. 

In Table II a comparison has been made of the 
utilization of the various proteins or mi.Ktures of 
proteins. The percentage utilization of the total 
amount of protein ingested was computed as 
follows ; Average nitrogen intake. Periods 1 to 8, 
33.83 grams; average protein nitrogen in urine, 
5.21 grams; average nitrogen deposited as protein, 
7 .03 grams ; nitrogen converted into protein 
(5.21 + 7.03), 12.24 grams; 12.24^33.83 X 100 
= 36.2 per cent of the intake reconverted into 
protein. 

As an illustration of the computation of the 
utilization of a supplement. Periods 39 to 42 in 
which 44 grams of egg white were fed dail}- may- 
be taken. Average nitrogen content of the supple- 
ment, 21.04 grams ; average nitrogen of total pro- 
tein synthesized, 16.67 grams; average nitrogen 
synthesized to protein in proximate basal periods 


(38, 49, 50) / .04 grams. The nitrogen of the 
supplement converted into protein is estimated as 
(16.6/ — /.04)=9.63 grams. Percentage of 
nitrogen of egg white resj-nthesized to protein is 
9.63 -1-21.04 X 100 = 45.7 per cent. 

Protein metabolism 

Basal periods. During the first series of pe- 
riods on the basal diet the patient deposited protein 
and lost protein in his urine at a fairly constant 
rate as indicated in Table I and Figure 1. In 
these twenty-four daj's he lost 260 grams of pro- 
tein in his urine, in spite of which his body gained 
338 grams of protein. The total amount of pro- 
tein formed in each period was about 36 per cent 
of his intake as shown in Table II. During sub- 
sequent basal periods less protein was sj-nthesized. 
The main decrease was in the amount deposited, 
while, except for the effect of lag, the amount 
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TABLE I 


Case 1, L.R. — Protein metabolism 


Period 

1 

Protein intake 

Calories 

per 

diem 

Weight 

In- 

take 

Pr 

Catabolizec 

protein 

otein metabc 

i Urine 
protein 

}lism 

Deposited 

protein 

Total 

protein 

synthe- 

sized 

S days each 

grams per diem 



grams N 

grams N 

grams N 

grams N 

grams N 





per period 

per period 

per period 

per period 

Per Period 




68.6 






1 



67.9 

33.83 

21.65 

4.82 

7.21 

12.18 


Basal diet 70 

3020 







2 to 8. . . 



69.7 

33.83 

• 21.58 

5.27 

6.71 

12.25 

9 



69.8 

85.70 

52.06 

7.90 

25.74 

33.64 

10 



70.1 

85.70 

61.32 

7.35 

17.03 

24.38 

11 

Diet 180 

3030 

70.0 

85.70 

63.69 

7.26 

14.75 

22.01 

12 



70.5 

85.70 

66.93 

7.03 

11.74 

18.77 

13 to 27. . 



73.3 

85.70 

70.90 

6.09 

8.71 

14.80 

28 

Basal diet 70, lactalbumin 50 

3225 

73.7 

56.13 

45.30 

5.03 

5.80 

10.83 

29, 30. . . 



74.7 

56.13 

44.87 

5.07 

6.19 

11.26 

31, 32... 

Basal diet 70, lactalbumin 100 

3430 

75.4 

78.43 

60.84 

6.54 

11.05 

^1 

33, 34. . . 



75.6 

78.43 

63.26 

6.76 

8.41 


35, 36... 



76.2 

33.83 

30.24 

5.31 

- 1.72 

3.59 

37 

Basal diet 70 

3020 

75.7 

33.83 

29.42 

5.18 

- 0.77 

4.41 

38 



75.8 

33.83 

IIM 

5.16 

1.33 

6.49 

39 

1 


75.9 

54.87 

34.92 

6.15 

13.80 

19.95 

40 

Basal diet 70, egg white (cooked) 

3005 

75.4 

54.87 

38.10 

7.70 

9.07 

1 

16.77 

41, 42... 



75.8 

54.87 

39.90 

7.47 

7.50 

14.97 

43, 44... 


3200 

77.1 

54.87 

1 1 

40.72 

6.58 

7.57 

14.15 

45 to 47. . 

Basal diet 70, egg white 23 

3100 

75.9 

44.71 

31.90 

5.68 

7.13 

12.81 

48 

Basal diet 70 

3020 

76.2 

33.83 

26.65 

5.65 

1.53 

^1 

49, 50... 



76.0 

33.83 

26.51 

5.74 

1.58 


51 

Basal diet 70 

3060 

mm 

38.63 

28.91 

4.91 

4.81 

9.72 

52 

Serum protein 10 



38.63 

28.68 

6.22 

3.73 

9.95 

53 




38.63 

28.87 

6.10 

3.66 

9.76 

54 

Basal diet 70 

3120 

76.0 

45.83 

32.73 

6.54 

6.56 

13.10 

55 

Serum protein 25 


75.7 

45.83 

35.81 

6.26 

3.76 

10.02 

56 



75.8 

45.83 

36.10 

6.17 

3.56 

9.73 

57 

Basal diet 70 

3225 

■SI 

57.83 

42.81 

6.82 

8.20 

15.02 

58 

Serum protein 50 



57.83 

47.43 

6.10 

4.30 

10.40 

59 




57.83 

49.06 

5.97 

2.80 

8.77 

60 to 62 . . 

Basal diet 70 

3020 

75.2 

33.83 

29.43 

5.30 

- 0.90 

4.40 

63 



75.2 

33.83 

28.75 

4.59 

0.49 

5.08 

64 

Basal diet 70 


75.6 

57.83 

41.80 

6.18 

9.85 

16.03 

65 

Liver residue protein 50 

3225 

75.0 

57.83 

44.79 

7.64 

5.40 

13.04 

66 



75.0 

57.83 

46.49 

7.54 

3.80 

11.34 

67 



74.7 

57.83 

46.47 

10.04 

1.32 


68, 69 . . . 

Basal diet 70 

3000 

75.5 

33.83 

29.60 

5.63 

- 1.40 

4.23 

70, 71... 



75.3 

33.83 

28.02 

4.54 

1.27 

5.81 
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Laclalbumii. .'\Uhough there was considerable 
diftercncc in the alisolute amount of protein s\-n- 
thesir.cd when lactallnimin was fed in quantities 
of 50 and 100 grams (Table I and Figure 1), it 
will he noted from Table II that there was no dif- 
ference in the percentage of utilization at the two 
levels. This is of considcraiilc interest in view 
of the entirely different result obtained with egg 
albumin and serum protein. Unfortunately, the 
comparison of these supplements is open to some 
criticism since control periods did not precede the 
ingestion of lactalbumin. However, the percent- 
age utilization of the total protein intake was the 
same at both levels, and furthermore, the results 
are still the same when the last two periods at 
each level are compared. The effects of lag in 
nitrogen and protein e.xcrction, which might have 
given an erroneous result in the first two periods 
(28 and 31) are thus excluded. 

Egg iL'hitc. Cooked egg white proved to be a 
very efficient protein for the manufacture of 
serum and tissue protein as is indicated in Tables 
I and II. Better utilization was again noted in 
the earlier than in the later periods. 

A slight variation in the usual method of ad- 
ministration was adopted in this group. During 
Periods 39 to 42 inclusive, enough carbohydrate 
and fat was withdrawn from the basal diet to off- 
set the extra calories furnished by the supplement, 
so that the caloric intake was kept at the basal 
level. In Periods 43 and 44 these 200 calories 
were again added to the diet. By comparing Pe- 
riods 41 and 42 with 43 and 44 in Table I it may 
be noted that there was no change in the utiliza- 
tion. It is possible that the difference in caloric 
intake was not sufficiently large, but it is more 
likely that with a sufficiently high intake of carbo- 
hydrate and fat a maximum effidency of utiliza- 
tion of protein is obtained which cannot be im- 
proved upon by an additional supply of nonprotein 
calories. Von Hoesslin’s (23) data on the nitro- 
gen balances of malnourished individuals are in 
agreement with this observation. 

Comparison of proximate Periods 43 and 44 
with 45 to 47 demonstrates that 23 gram supple- 
ments of egg white were more effidently utilized 
than those of 44 grams (Table II). 

Serum protein was added to the basal diet in 
three increments of 10, 25 and 50 grams daily. 


With the addition of 10 grams, utilization was the 
same for the three periods, 51, 52 and 53 (Table 
I and Figure 1). With the 25 grams and 50 
gram additions, the percentage of utilization de- 
clined from period to period. 

The utilization at the different levels of intake, 
gir’en in Table II, is again of interest. A defi- 
nitely better utilization was obtained when the 
smaller supplement was given, as was the case 
with cooked egg white. 

Protein of liver residue. Successive periods 
had the same decrease in degree of utilization as 
in the case of other substances previously given 
as supplements. Proteinuria was greatly in- 
creased in Period 67, but apparently this was not 
the result of increased formation of serum pro- 
tein. On the last day of Period 66 a tooth had 
been drawn. .Although it was thought to be in- 
fected, cultures of the root failed to demonstrate 
the presence of pathogenic micro-organisms. On 
the day of e.xtraction and for three days follow- 
ing, there was a marked increase in proteinuria, 
probably due to a transient increase in the perme- 
ability of the glomerular capillaries. 

Thirtj'-one per cent of the liver protein supple- 
ment was utilized for building protein. This was 
not as good utilization as that observed when egg 
white was fed, yet it was better than the utiliza- 
tion of beef serum protein or lactalbumin. 

Absorption of supplements. The average ni- 
trogen content of the stools in basal periods was 
4 grams, and during the feeding of liver protein 
8.13 grams. If the increase in fecal nitrogen 
was due to non-absorption of a portion of the sup- 
plement, then the available supplementary- nitrogen 
was actually 4.13 grams less per period than esti- 
mated. Introduction of this correction would 
make the utilization of the “ absorbed portion ” 
of the liver residue 37 per cent. The amounts of 
egg white, serum protein and lactalbumin which 
remained unabsorbed were insignificant. Correc- 
tions for non-absorption of these proteins changed 
the values given for their utilization less than 1 
per cent. 

Blood nonprotein nitrogen, serum proteins, arid 
proteinuria. The direction and extent of change 
in blood nonprotein nitrogen, serum proteins, and 
proteinuria are given in Table III. The level of 
blood nonprotein nitrogen at the end of each group 
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TABLE II 


Case 1, L.R . — Utilization of dietary and supplementary proteins 


1 

Description 
of periods 

Calories 
per 
fcgra. 
per day 

Per cent 
of total 
calories 
furnished 
by 

protein 

Average 

nitrogen 

of 

food 

Average 
nitrogen 
of sup- 
plement 

Average 

total 

nitrogen 

intake 

Average 

nitrogen 

synthe- 

sized 

into 

protein 

Per cent 
of intake 
synthe- 
sized 
into 
protein 

Per cent 
of sup- 
plement 
synthe- 
sized into 
protein 

Basal (1 to 8) 

44 

per cent 

9 

grams per 
period 

33.83 

grams per 
period 

grams per 
period 

33.83 

85.70 

85.70 

grams per 
period 

12.24 

24.78 

14.80 

per cent 

36 

29 

17 

per cent 

Mixed high protein (9 to 12) 

43 

25 

85.70 


24 

Mixed high protein (13 to 27) 

43 

25 

85.70 



Basal (38, 49, 50) 

40 

9 

33.83 


33.83 

7.04 

21 


Lactalbumin, 50 grams per diem (28 
to 30) 

43 

15 

33.83 

22.3 

56.13 

1 11.12 I 

20 

18 

Lactalbumin, 100 grams per diem (31 
to 34) 

45 

20 

33.83 

44.6 

78.43 

16.18 

' 21 



Basal (38, 49, 50) 

40 

9 

33.83 


33.83 

7.04 

21 


Egg white, 44 grams per diem (39 
to 42) • 

40 

15 

33.83 

21.04 

54.87 

16.67 

30 

46 

Egg white, 44 grams per diem (43 
to 44) 

42 

15 

33.83 

! 21.04 

54.87 

14.15 

26 

34 

Egg white, 23 grams per diem (45 
to 47) 

41 

12 

t 

33.83 

1 

10.88 

44.71 

12.81 

29 

53 




Basal (49, 50, 63) 

40 

9 

33.83 


33.83 

6.57 

19 


Serum protein, 10 grams per diem 
(51 to 53) 

40 


33.83 

4.8 

38.63 

9.81 

25 

68 

Serum protein, 25 grams per diem 
(54 to 56) 

41 


33.83 

12.0 

45.83 

10.95 

24 

37 

Scrum protein, 50 grams per diem 
(57 to 59) 

42 


33.83 

24.0 

57.83 

11.40 

20 

20 






Basal (63, 70, 71) 

‘ 40 

9 

33.83 


33.83 

5.54 

16 


Liver residue protein, 50 grams per 
diem (64 to 67) 

1 

i 

42 

15 

33.83 

24.0 

57.83 

12.94 

22 

31 








of protein lost in the urine remained the same 
as in earlier basal periods. 

This behavior was probably due to the fact that 
in the beginning the undersaturation of the tissue 
depots with protein permitted those reactions con- 
cerned with the formation of protein to proceed 
more rapidly than the reactions leading to its 
breakdown. During the later basal periods the 
tissues seem to have been more nearly saturated, 
and an equilibrium between incoming building 
stones and outgoing end products was approached. 

Mixed high protein diet. Ingestion of the high 
protein diet led to deposition of considerably larger 
quantities of protein and the loss of more protein 
in the urine. In the first period of this diet (Pe- 
riod 9) about 39 per cent of the intake was uti- 
lized in formation of body protein. This was 
about the same proportion that was utilized with 
the basal diet; however, it must be pointed out 
that the correction for stored nonprotein nitrogen, 


which was calculated as 9.8 grams, may have been 
too small, and this would make the calculation of 
39 per cent too high. In the second period which 
was not subject to this possibility of error, 28 per 
cent was utilized. Thereafter, there was a de- 
crease in utilization for several periods until depo- 
sition and loss in the urine took place at a fairly 
even rate (Periods 13 to 27). 

The fact that the urinary protein as well as 
the amount deposited increased suggests a greater 
formation of both tissue and plasma proteins. 
The interesting, as well as disconcerting thing, is 
that in spite of this increased rate of manufacture 
and the deposition of 1150 grams of protein in 
81 days, there was no apparent change in the 
total amount of serum protein nor in its concentra- 
tion (Table III). In fact, serum proteins appear 
to have been lost from the circulation as rapidly 
as they were supplied to it from the depots or 
places of manufacture. 
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Lactalbuiuii:. Although there was considerable 
dilTcrcncc in the absolute amount of protein syn- 
thesized when lactalbumin was fed in quantities 
of 50 and 100 grams (Table I and Figure 1), it 
will be noted from Table II that there was no dif- 
ference in the percentage of utilization at the two 
levels. This is of considerable interest in view 
of the entirely different result obtained with egg 
albumin and serum protein. Unfortunately, the 
comparison of these supplements is open to some 
criticism since control periods did not precede the 
ingestion of lactalbumin. However, the percent- 
age utilization of the total protein intake was the 
same at both levels, and furthermore, the results 
are still the same when the last two periods at 
each level are compared. The effects of lag in 
nitrogen and protein excretion, which might have 
given an erroneous result in the first two periods 
(28 and 31) are thus excluded. 

Egg Tvhilc. Cooked egg white proved to be a 
very efficient protein for the manufacture of 
serum and tissue protein as is indicated in Tables 
I and II. Better utilization was again noted in 
the earlier than in the later periods. 

A slight variation in the usual method of ad- 
ministration was adopted in this group. During 
Periods 39 to 42 inclusive, enough carbohydrate 
and fat was withdrawn from the basal diet to off- 
set the extra calories furnished by the supplement, 
so that the caloric intake was kept at the basal 
level. In Periods 43 and 44 these 200 calories 
were again added to the diet. By comparing Pe- 
riods 41 and 42 with 43 and 44 in Table I it may 
be noted that there was no change in the utiliza- 
tion. It is possible that the difference in caloric 
intake was not sufficiently large, but it is more 
likely that with a sufficiently high intake of carbo- 
hydrate and fat a maximum efficiency of utiliza- 
tion of protein is obtained which cannot be im- 
proved upon by an additional supply of nonprotein 
calories. Von Hoesslin’s (23) data on the nitro- 
gen balances of malnourished individuals are in 
agreement with this observation. 

Comparison of proximate Periods 43 and 44 
with 45 to 47 demonstrates that 23 gram supple- 
ments of egg white were more efficiently utilized 
than those of 44 grams (Table II). 

Serum protein was added to the basal diet in 
three increments of 10, 25 and 50 grams daily. 


With the addition of 10 grams, utilization was the 
same for the three periods, 51, 52 and 53 (Table 
I and Figure 1). With the 25 grams and 50 
gram additions, the percentage of utilization de- 
clined from period to period. 

The utilization at the different levels of intake, 
given in Table II, is again of interest. A defi- 
nitely better utilization was obtained when the 
smaller supplement was given, as was the case 
with cooked egg white. 

Protein of liver residue. Successive periods 
had the same decrease in degree of utilization as 
in the case of other substances previously given 
as supplements. Proteinuria was greatly in- 
creased in Period 67, but apparently this was not 
tlie result of increased formation of serum pro- 
tein. On the last day of Period 66 a tooth had 
been drawn. Although it was thought to be in- 
fected, cultures of the root failed to demonstrate 
the presence of pathogenic micro-organisms. On 
the day of extraction and for three days follow- 
ing, there was a marked increase in proteinuria, 
probably due to a transient increase in the perme- 
ability of the glomerular capillaries. 

Thirty-one per cent of the liver protein supple- 
ment was utilized for building protein. This was 
not as good utilization as that obser\-ed when egg 
white was fed, yet it was better than the utih'za- 
tion of beef serum protein or lactalbumin. 

Absorption of supplements. The average ni- 
trogen content of the stools in basal periods was 
4 grams, and during the feeding of liver protein 
8.13 grams. If the increase in fecal nitrogen 
was due to non-absorption of a portion of the sup- 
plement, then the available supplemental^ nitrogen 
was actually 4.13 grams less per period than esti- 
mated. Introduction of this correction would 
make the utilization of the “ absorbed portion ” 
of the liver residue 37 per cent. The amoimts of 
egg white, serum protein and lactalbumin which 
remained unabsorbed were insignificant. Correc- 
tions for non-absorption of these proteins changed 
the values given for their utilization less than 1 
per cent. 

Blood nonprotein nitrogen, serum proteins, end 
proteinuria. The direction and extent of change 
in blood nonprotein nitrogen, serum proteins, and 
proteinuria are given in Table III. The level of 
blood nonprotein nitrogen at the end of each group 
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TABLE III 


Case 1, L.R. 




Blood 

Serum proteins * 

Total 

Urine nrotein 

Period 

Diet 

non- 

protein 



circulating 







serum 





nitrogen * 

Total 

A : G ratio 

protein * 

Total 

A : G ratio 

S days each 


mgm. 

Per cent 

per cent 


grams 

grams Per 
period 




33 

4.06 

1.1 

112 






(Period 

4) 

4.06 


(Period 4) 



1 to 8 

Basal 

32 

1.4 

105 

32.6 

3.7 

9 to 27 

High protein 

50 

4.0 

1.9 


39.6 

2.7 

28 to 30 

Lactalbumin, 50 grams per day 

32 

3.95 

1.4 

124 

' 31.6 

3.1 

31 to 34 

Lactalbumin, 100 grams per day 

45 

3.85 

1.6 


41.6 

2.9 

35 to 38 

Basal 

29 

3.99 

2.2 

128 

33.7 

3.6 

39 to 44 

Egg white, 44 grams per day 

38 

3.9 

1.8 

121 

43.7 

7.0 

45 to 47 

Egg white, 23 grams per day 

30 

3.89 



35.5 

7.5 

48 to 50 

Basal 

27 

3.86 

1.7 

119 

35.7 

4.6 

51 to 59 

Serum protein 

40 

3.80 

1.2 

135 

39.3 

7.0 

60 to 63 

Basal 

29 

3.85 

1.1 

116 

32.0 

8.3 

64 to 67 

Liver protein 

40 

3.54 

1.4 

114 

49.1 

5.5 

68 to 71 

6 months after 

Basal 

25 

3.69 

1.3 


31.8 

6.5 

discharge 


35 

3.9 

2.2 





* Blood nonprotein nitrogen and serum protein determinations were made at end of each group of periods. 


of periods was roughly parallel to the protein in- 
take. Not all of the determinations which were 
made for the purpose of calculating the protein 
metabolism have been recorded in the table. 

The concentration of serum proteins, as well 
as the total amount in circulation, remained nearly 
constant, and was uninfluenced either by giving 
large amounts of mixed proteins or by adding spe- 
cific protein supplements to a basal diet. With- 
drawals of blood for the first four determinations 
of serum proteins were made while the patient 
was semi-recumbent in bed. At that time the in- 
fluence of posture (25) was not fully realized, 
so it is probable that the concentration of protein 
is slightly above the true basal level. With the 
increased loss of serum protein in the urine which 
followed the extraction of a tooth there seems 
to have been a slight decrease in its concentration 
in the blood, a value of 3.54 per cent obtained at 
the end of Period 67 being the lowest observed at 
any time during the patient’s stay in hospital. 
By the end of the next group of basal periods 
there was again a slight rise which continued after 
his discharge. Serum obtained under basal condi- 
tions three months later contained 3.9 per cent 
protein. 

Proteinuria increased whenever the protein of 
the diet was increased. Ingestion of egg white 


caused a greater increase in proteinuria than any 
other protein except liver residue. However, in 
the case of the latter the average value given in the 
table is unduly weighted by the presence of 
marked proteinuria in Period 67. We believe 
that this should be attributed to temporarily in- 
creased permeability of the glomerular capillaries 
to protein caused by extraction of the tooth. If 
this surmise is correct, the protein of egg white 
should probably be regarded as more effective in 
the production of proteinuria and by inference in 
the formation of serum protein than the other 
proteins. 

The increase of the albumin: globulin ratio of 
the urinary proteins during the egg white periods 
indicates that formation of albumin was especially 
rapid. This is in keeping with the observations of 
Pomerenke, Slavin, Kariher and Whipple (20). 
The ratio and total amount excreted remained high 
during subsequent control periods. To account 
for this, one might infer that increased reserves 
of albumin were being discharged. Although 
there was a certain uniformity of the albumin : 
globulin ratio of the urine when entire periods 
or groups of periods were considered, values ob- 
tained on successive days on the same regime 
showed extremely great variation and were of 
doubtful clinical significance. 
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Casr 2, P. B., DcRcncralivc Bright's disease. The pa- 
tient was an iinusnnlly well preserved man aged 59 years, 
a cabinet maker by trade, who had always had good 
hc.ilth until the onset of the present illness. He entered 
the hospital on April 4. 1934 because of gradually in- 
creasing edema of the face, the lower portion of the 
trunk, the genitalia, and the lower e,xtrcmities. His 
symptoms were of five weeks' duration. Insofar as 
could be ascertained there was no hematuria at the onset 
of his illness, nor any acute infection preceding it. From 
the history given, his dropsy had apparently become much 
worse after subsisting on a milk diet and drinking large 
quantities of water for the three weeks immediately prior 
to his admission. His blood pressure was 145/93 mm. 


Hg. There was no evidence of cardiac failure. The 
face was slightly puffy; there was generalized edema of 
the subcutaneous tissues as high as the costal margin and 
moderate ascites. The teeth were poorly preserved; sev- 
eral were devitalized, and there was moderately severe 
pyorrhea. The specific gravity of the urine after restric- 
tion of fluid was 1.032. The excretion of urinar 5 ' pro- 
tein approximated 12 grams in 24 hours. The sediment 
obtained after centrifugalization contained many hyalin 
casts, a few granular casts and large numbers of epi- 
thelial cells and leukocytes. The sediment also contained 
a few cells resembling red blood cells, birt these did not 
exceed 170,000 in twelve hours by Addis count. The 
standard urea clearance was 83 per cent of the normal 


TABLE IV 


Case 2, P.B. — Protein metabolism 






1 

Protein metabolism 

1 



Calories 

Weight 






Period 

Protein intake 

per 

In- 

Catabolized 


Deposited 

Total 


diem 


Urine 

protein 





take 

protein 

protein 

protein 

s^Tithe- 




t 





stred 


trems per diem 


kgm. 

grCTKS iV 
fer period 

grarzs iV 
Per Period 

graris A’ 
Per period 

grems y 
Per period 

grems y 
Per period 




69.7 






Diet 51 

1520 

64.4 

24.61 

34.62 

4.33 

-14.34 

0 

2 


61.3 

24.61 

29.1 

3.58 

- 8.07 

0 

3 



59.8 

24.61 

25.1 

2.91 

- 3.40 

0 

4 



59.8 

25.66 

22.76 

2.44 

0.46 

2.90 

S 

Basal diet S3 

1 

1930 

59.7 

25.66 

22.23 

2.08 

1.35 

3.43 

6 


59.6 

25.66 

22.03 

1.60 

2.03 

3.63 

7 



59.4 

49.66 

43.09 

1.91 

4.66 

6.57 

8 

Basal diet 53 


59.4 

49.66 

42.00 

2.27 

5.39 

7.66 

9 

Liver residue protein 50 

2133 

59.1 

49.66 

42.21 

2.36 

5.09 

7.45 

10 


58.8 

49.66 

43.02 

2.20 

4.44 

6.64 

11 



60.2 

51.19 

38.97 

2.50 

9.72 

12.22 

12 

Basal diet 56 

2814 

60.4 

51.19 

40.22 

2.34 

8.63 

10.97 

13 

Liver residue protein 50 


60.8 

51.19 

40.48 

2.48 

8.23 

10.71 

14 



60.0 

25.66 

23.79 

2.07 


1.87 

15 

Basal diet 53 

1930 

59.9 

25.66 

24.27 

1.86 


1.39 

16 


59.4 

25.66 

22.68 

1.48 


2.98 

17 



59.5 

25.66 

23.48 

1.23 

0.95 

2.18 

18 



59.5 

51.19 

39.50 


10.18 


19 


2814 

59.7 

51.19 

38.74 


10.60 


20 

Serum protein 50 


59.9 

51.19 

39.02 

■m 

10.40 


21 


59.9 

51.19 

40.39 

1 1.86 

8.94 

IBI 

22... 


j 

60.2 


23.95 

1.68 

1.56 

3.24 

23 

Basal diet 56 

2609 1 

60.1 

BtwEl 

23.23 

1.45 

2.51 

3.96 

24 

i 

60.1 


21.70 

1.31 

4.18 

5.49 

25.. 



60.2 

75.19 

48.44 

1.50 

25.25 

26.75 

26.. 



60.0 

75.19 

56.08 

1.88 

17.23 

19.11 

27 



60.4 

75.19 

59.19 

1.94 

14.06 

16.00 

28 

29 

Liver residue protein 100 

3019 

60.4 

60.0 

75.19 

75.19 

1 59.14 
55.77 

1.97 

1.79 

14.08 

17.63 

16.05 

19.42 

30 



60.5 

75.19 

58.33 

1.96 

14.90 

16.86 

31.. 



60.4 

27.19 

31.95 

1.52 

- 4.76 

0 

32 

Basal diet 56 

1 

2609 

60.2 

27.19 

26.72 

1.30 

— 0.S3 

0.47 
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average. The concentration of the serum protein was 
reduced, total protein 3.6 per cent with an A : G ratio 
of 1. The serum contained 652 mgm. per cent of fatty 
acid, 4S2 mgm. per cent of cholesterol and 122 mgm. per 
cent of lecithin. There was no anemia. The basal meta- 
bolic rate was 8.0 per cent below the normal average 
( Aub-DuBois) . 

Diets. During the first six days in the hospital his 
daily diet provided approximately 1800 calories, and con- 
tained 110 grams of protein, 1500 ml. of fluid, and a 
minimum of salt. There was practically no change in 
his condition during this time. On the seventh day 
(April 10, 1934) the protein of the food was increased 
to ISO grams ; the caloric and fluid intake remained the 
same. On April 13th and 14th one and one-half grams 
of theocin were administered, and a marked diuresis fol- 
lowed. On April 20th he was transferred to the metabo- 
lism division for study. 

During the first three periods he received a diet which 
furnished 1520 calories, contained 157 grams of carbo- 
hydrate, 72 grams of fat and protein (in grams) as fol- 
lows: Vegetable, 11.5; milk, 15.1; egg, 7.1; meat, 16.3; 
Total, 50. Analyses showed that the food contained 


24.61 grams of nitrogen per period or 51 grams of pro- 
tein per day (see Table IV). Fluid intake was fixed at 
2000 ml. 

Beginning with Period 4, orange juice, grape juice, 
sucrose and cream were added in amounts sufficient to 
furnish 300 calories from carbohydrate and 110 calories 
from fat, leaving the protein content practically undis- 
turbed. Actual analysis showed that there was an in- 
crease of two grams of protein daily from the added 
cream. This diet has been designated the 1930 calorie 
basal diet. A supplement of 50 grams of liver residue 
protein was added to the above diet during Periods 7 to 
10 (see Table IV and Figure 2). 

During Periods 11 to 13 and 18 to 32 the caloric value 
of the diet was further increased, by addition of 440 calo- 
ries from carbohydrate and 240 calories from fat. This 
has been termed the 2610 calorie basal diet. Analysis 
for nitrogen showed an increase above the 1900 calorie 
diet equivalent to 3 grams of protein daily. Fifty grams 
of liver residue protein were superimposed on this diet in 
Periods 11 to 13, and 100 grams in Periods 25 to 30. 
Fifty grams of beef serum protein were added during 
Periods 18 to 21 (see Table IV and Figure 2). 
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Fig. 2. Case 2, P. B.— Proteix Met.abolism. 
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Proicir, inclabolisiii 

Periods 1 lo 5. Diuresis .md loss of edema 
which began prior to admission to the metabolism 
division continued during the first three periods. 
The total decrease in weigiit amounted to 23 kgm. 
of wliich 10 kgm. were lost in Periods 1 to 3. 
The proteinuria accompanying the diuresis was 
much greater than that of subsequent periods. In 
part, this may have been due to a residual effect 
of the previous high protein feeding, and in part 
to an increased rate of glomerular filtration. 
During these three periods in wliich the total cal- 
ories given were 1500 per diem the apparent catab- 


Figure 2 and Table V show that more protein 
was deposited with twice than with one and a half 
times the basal caloric requirement. The utiliza- 
tion of this protein with the higher caloric intake 
was practically the same as in the case of Patient 
Number 1 (compare Tables II and V). 

The fact that the liver residue protein, when 
added to the 2600 calorie diet, was equally well 
utilized in quantities of 50 or 100 grams was en- 
tirely une.Kpected and similar to the utilization of 
lactalbumin by Patient L. R. 

Beef serum protein was utilized with about the 
same efficiency by this patient as by the first, per- 
haps \'ery slightly better. The amount stored did 


TABLE V 

Case 2, P.B. Ulilizaiion of dietary and supplementary proteins 


Description 
of diets 

Calories 
per 
kfrm. 
per day 

1 Per cent 
of total 
calories 
furnished 
by 

protein 

Average 
nitrogen 
of 1 

food 1 

i 

Average 
nitrogen 
of sup- 
plement 

1 

Average 

total 

nitrogen 

intal:e 

i 

Average 

nitrogen 

s^Tithe- 

sized 

into 

protein | 

Per cent , 
of intake . 
sjTithe- 
sized 
into 

protein | 

Per cent 
of sup- 
plement 
s>Tithe- 
sized into 
protein 




grams per 

grertr per 

grams Per 

1 

grams per 






period 

period 

Period 

period 



Basal, 1930 calorics (3, 6, 16, 17). . . . 

32 

11 

25.66 


25.66 

3.05 

12 


Liver residue protein, 50 grams per 



1 






diem (7 to 10) 

35.5 

20 

25.66 

24.0 

49.66 

7.08 

14 

17 

Basal, 2610 calories (23 to 24) 

43.5 

9 

27.19 


27.19 

4.72 

17 


Liver residue protein, 50 grams per ; 









diem (11 to 13) 

47.0 

15.5 

27.19 

24.0 

51.19 

11.30 

22 

27 

Serum protein, 50 grams per diem 
, (18 to 21) 

47.0 

15.5 

27.19 

24.0 

51.19 

11.77 

23 

29 

Liver residue protein, 100 grams per 



1 






diem (25 to 30) | 

50.0 

20.5 

! 27.19 

1 

4S.0 

75.19 

1 

1 17.49 

i 

23 

27 


olism of protein was considerably in e.xcess of 
the intake. 

Basal periods. The basal caloric requirement of 
this patient, as determined by oxygen consump- 
tion, was 22.5 calories per kilo daily. Body 
weight during Periods 5 and 6 was practically 
constant, and activity was very moderate. The 
1930 calorie diet, which furnished 32 calories per 
kilo per diem was sufficient for dynamic purposes 
and also for deposition of protein, tyffien the 
caloric intake of the basal diet was increased to 
43.5 calories per kilo per diem by the addition 
of carbohydrate and fat, the utilization of protein 
was increased (Table V). 

Liver residue protein. Just as with the basal 
diet, a better utilization of the same amount of 
this protein was obtained when more carbohydrate 
and fat were available for djnamic purposes. 


not decline from period to period as it did in the 
first patient. This may indicate that the tissues 
of Patient Number 2 were more depleted at the 
time serum protein was fed. 

The nonprotein nitrogen of the blood, scrum 
proteins and proteinuria {Table VI). The non- 
protein nitrogen of the blood followed the ex- 
pected course, rising with the increase in the in- 
take of protein, and falling when protein was again 
restricted. Disappearance of edema was attended 
by a rise of about 0.5 per cent in the concentration 
of serum proteins, and another increase of 0.56 
per cent occurred when 50 grams of liver protein 
were added to the basal diet. Increase in the 
A : G ratio accompanied the rise of serum pro- 
tein. It is not at all certain that the higher pro- 
tein intake (liver supplement of 50 grams) ef- 
fected the second increase in serum protein. Dis- 
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TABLE VI 


Case 2, P.B. 




Blood 

Serum proteins * 

Total 

Urine orotein 

Period 

Diet 

non- 

protein 



circulating 







serum 





nitrogen * 

Total 

A : G ratio 

protein * 

Total 

A : G ratio 

3 days each 


tngm. 
per cent 

per cent 


grams 

Srams -per 
period 




31 

3.56 

1.2 



1 to 3 

1500 calories 

27 

4.08 

4.20 

1.3 

1.4 

106 

107 

22.9 

12.9 


4 to 6 

Basal 1900 calories 

18 

o.u 

8.6 

7 to 10 

Basal 1900 calories-}-S0 grams 

11 to 13 

liver protein 

Basal 2600 calories-k50 grams 

28 

4.76 

1.6 

117 

13.6 

5.6 

14 to 17 

liver protein 

30 

4.61 

1.6 

1 124 

15.4 

7.0 

1 Basal 1900 calories 

20 

4.68 

1.7 

131 

10.4 

4.8 

18 to 21 

Basal 2600 calories-[-50 grams 



22 to 24 

serum protein 

23 

4.75 

' 1.97 

124 

10.8 

' 4.2 

Basal 2600 calories 

19 

4.72 

1 1.7 


9.1 

4.7 

25 to 30 

Basal 2600 calories-f-lOO grams 






liver protein 

30 

4.64 

2.1 


11.5 

8.1 

31, 32 

Basal 2600 calories 

25 

4.92 

5.08 

1.8 

1.7 


8.8 

10.2 

3.0 

3.6 

33i 34 

Mixed high protein 3000 calories 

27 


3 months after dis- 


charge 


33 

5.4 

1.8 




6 months after dis- 





charge 


28 

5.8 

2.2 










* 


Blood nonprotein nitrogen and serum protein determinations were made at end of each group of periods. 


tinct clinical improvement was noted before the 
feeding of liver protein was started, and inspec- 
tion of successive series of basal periods shows a 
tendency for less and less protein to be lost in the 
urine. Decrease in proteinuria combined with 
adequate caloric intake and a reasonably abundant 
supply of protein of good quality was probably 
sufficient to permit a rise in the level of serum 
protein. 

After the heavy loss of protein in the urine 
during the initial diuresis, the addition of extra 
protein to the diet was accompanied by increased 
proteinuria over proximate control periods (Table 
VI). This tendency was somewhat indistinct ow- 
ing to the gradual decrease of proteinuria during 
the control periods, and was more marked in the 
previous patient (L. R.). The A:G ratios of 
the urinary proteins varied greatly and are of 
doubtful significance. 

Cojc Number 3. Degenerative stage of chronic hemor- 
rhagic Bright’s disease. R. P. was a 40 year old janitor 
who gave a history of having had hematuria 20 years 
before admission and a cystitis of many years’ duration. 
During the two weeks before admission he had developed 
edema of the ankles and legs and had gained ten pounds 
in weight. For one week he had had pain in the epi- 


gastrium, which gradually became more severe. Physical 
examination on admission revealed a subcutaneous mass 
in the epigastrium which was tender and not reducible. 
The blood pressure was 140/80. The heart was slightly 
enlarged to the left and there was edema of the legs. 
The urine contained a large amount of albumin, and the 
sediment contained red blood cells, epithelial and white 
blood cells, and many casts. The blood contained 14 
grams of hemoglobin per 100 cc., 4.5 million red cells 
and 6300 leukocytes per cubic millimeter, and 50 mgm. 
per cent of nonprotein nitrogen. 

The epigastric hernia was repaired under local and 
gas-oxygen anesthesia. After the operation, the urinary 
protein was found to range from 15 to 20 grams daily, 
and seven days after operation the total serum proteins 
were 4.05 per cent. He was placed on a high protein 
diet but because of nausea was unable to take the pre- 
scribed amount of food for about 10 days. On August 
28th, twenty-one days after operation, his serum proteins 
w'ere 3.1 per cent. The standard urea clearance was 63 
per cent on September 2nd and 60 per cent on December 
4th. 

Diets. Beginning September 1st he was given a salt- 
free diet which furnished 3200 calories and contained 
100 to 120 grams of protein. Period 1 in Table VII rep- 
resents the last three days of this diet. During Periods 
2 to 20 he received a basal diet which contained 60 grams 
of protein, and had an energj- value of 3200 calories. 
Fifty grams of liver residue protein per diem were added 
to the diet during Periods 15 to 17 and 100 grams of the 
same protein during Periods 18 to 20. Fluid intake was 
fixed at 2000 ml. 
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TABLE \TI 


Case 3, R.P. 




Sfirum proteins 


Urine protein 







Dalccrp^^ricx} 







Blood non- 


Approxi- 

Total 

Body 

weight 







protein 

matenitro- 

urine 

Edema 


TQt.vI 

nnni 


Total 

A: G 
ratio 

nitrosea 

gen intafcc 

nitrogen 




fa- 


grant fer 


trrgTTt. 

grams per 

grams per 

kilo: 




crrl 



cum 


fer C£r.t 


diem 

diem 


.\ugust 11... 


4.05 

0.5 




44 






August 28... 

As tolerated 

3.06 

1.0 



mH 

38 





-i — £--£ u 

September 1. 
September 


3.14 

1.0 




34 


H 


H 

68.8 

"TT — r~r 

IS 




1 

13-18 



1 

H 



57.8 

0 

October 15.. 

Calorics 3200 

3.17 

1.0 

1 



33 

1 


60.5 

0 

October 27. . 

Protein 100 to 120 grams 
Salt free 

3.10 


1 



38 

1 

■1 


Hi 

65.0 

0 

Ftriod 3 dsy! 















ercru {tr 



rrems Per 

grams Per 



ez:k 





period 




period 

period 



1 


3.1 



56.8 

4.0 

35 


50 

27.9 

65.4 

0 

2 to 5... 


2.95 

1.9 


44.3 

4.0 

29 


28.0 

19.8 

64.2 

0 

6 





• 

• 



28.0 

* 

64.8 

0 

7 

Basal diet 




42.2 

4.7 



28.0 

22.6 

65.0 


8 to 10 . , 

Calorics 3200 








28.0 


65.6 

-f- 

11 





42.9 

6.0 



28.0 

20.1 

65.4 


12. 13 

Slit free 




* 




28.0 

* 

64.8 


14 

2.9 

1.3 


40.5 

4.7 

32 


28.0 

22.2 

64.6 

t 

15 to 17. . 

Basal plus liver residue 





5.5 








protein 50 grams 

3.0 

1.4 


56.4 

36 


52.8 

34.2 

63.8 

0 

18 to 20.. 

Basal plus liver residue 

III 


68.4 

HI 

45 




III 



protein 100 grams 

m 

1.6 

Bi 


76.8 

50.1 

HI 

0 


* Figures for these periods not available. 


Protein metabolism 

The decrease in serum proteins following the 
operation has already been mentioned. Several 
factors may have been responsible for this, the 
most obvious of which was the inability to take 
an adequate diet. The operative procedure and 
the anesthetic may have been responsible either 
for additional capillary damage and consequent in- 
creased renal permeability with loss of more pro- 
tein in the urine, or a decrease in the ability to 
manufacture serum proteins. 

With the ingestion of an adequate diet ( Septem- 
ber 1st) he was able to store protein. The exact 
amount deposited is not known, but the difference 
between the nitrogen intake and urinary output 
in the presence of a stationary blood nonprotein 
nitrogen was sufficient to indicate a positive pro- 
tein balance. The loss of 11 kgm. in weight after 
September. 1st was associated with loss of edema. 
Subsequent gain in weight was not associated with 
evidence of edema, giving further proof that pro- 


tein was stored. In spite of this there was no 
rise in serum proteins. 

The diet of Periods 2 to 14 inclusive contained 
60 grams of protein, which, in view of the heavy 
proteinuria, was intended to be insuffident to 
maintain the concentration of serum protein at its 
previous level. The object of giving the lower 
amount of protein was to deplete the body’s store 
of plasma protein, but the nitrogen balance ob- 
served in these periods did not point to a loss of 
body protein. The protein-sparing action of the 
high caloric diet (3200 calories) evidentlj* per- 
mitted efficient utilization of the food protein and 
maintenance of nitrogen equilibrium. Proteinuria 
fell considerably below the previous lev'el, and 
there was a very slight decrease in the concentra- 
tion of serum protein. This was accompanied by 
slight but definite edema. 

When the protein intake was increased by the 
addition of " liver residue ” protein to the diet in 
Period 15, nitrogen was deposited and there was 
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a marked increase in proteinuria. Edema disap- 
peared after 3 or 4 days but the serum proteins 
failed to rise above 3 per cent. 

DISCUSSION 

The relation of tissue protein to serum protein. 
The filling of tissue reservoirs with protein did 
not influence the quantity of circulating serum 
protein in the nephritic patient. During seven 
months, Case Number 1 retained nitrogen equiv- 
alent to 2.8 kilograms of protein, yet there was 
no increase in the level of serum proteins, and at 
a given level of protein intake, proteinuria was 
no greater at the end than at the beginning of the 
experiment. The total amount of protein which 
can thus be deposited in the body is not known. 
Rubner and other investigators (3, 6, 14) have be- 
lieved it to be relatively large. Deuel et al. (6) 
noted the loss of 1.6 kilo of protein while subsist- 
ing for 81 days on a nearly protein-free diet. 
Part of the deposit appeared to be in the form of 
a labile fraction which was readily broken down 
when the intake of protein fell below an optimum 
level. Further evidence that deposit protein may 
consist of more than one fraction has been given 
by Pomerenke, Slavin, Kariher and Whipple (20). 
Their observations on the regeneration of plasma 
proteins in the dog indicates the necessity of 
drawing a distinction between the total reserve 
or deposit protein and that fraction of it which 
is readil)^ available for conversion into plasma 
protein. Using the data which they have given 
one may estimate that an average sized man might 
have as much as 500 grams of serum protein held 
in special reservoirs. It is to be recognized, of 
course, that species differences may invalidate 
such a computation. The observations made on 
the nephritic patient give us no definite evidence 
that any of the retained protein was used to build 
up a reserve to protect the body against further 
depletion of serum proteins. On the other hand, 
there is no proof that all or part of the reserve 
set up in Case 1 could not have been used to help 
maintain the existing level of the serum proteins. 

The ability of nephritic patients to synthesise 
serum protein. In a discussion of the problem 
of hypoproteincmia Bloomfield (2) has cited ar- 
guments in favor of an impaired or injured mech- 
anism for regeneration of serum protein in the 


nephritic. On the basis of available information 
Weech, Goettsch and Reeves (24) are inclined 
to agree with Bloomfield that the loss and lack 
theory is insufficient to account for hypoprotein- 
emia, but they consider it hardly justifiable to as- 
sume that there is an injury to the blood protein- 
forming mechanism. Although from the observa- 
tions at hand one can not tell whether any of the 
protein being deposited in the tissues of Patients 
1 and 2 served as a defense against further deple- 
tion of the serum proteins,, it is possible by meas- 
urement of proteinuria to produce evidence of 
a very active regenerative process in Patients 1 
and 3. To refer again to Case 1, it will be noted 
that during 213 days the patient was able to pro- 
duce 5.5 kilograms of protein, beside meeting the 
ordinary requirements of his protein metabolism. 
Of this amount 2.8 kilograms were held in the tis- 
sues, and 2.7 kilos escaped in the urine. Since 
a considerable degree of undersaturation of the 
tissues with protein is indicated in the initial pe- 
riods, it is probable that any reserve stores of 
serum protein had been depleted before these 
studies were begun. As a consequence the regen- 
erated serum protein appears to have come from 
the protein of the food. During the stated in- 
terval of time the construction of new serum pro- 
tein, therefore, amounted to about thirteen times 
the total quantity of circulating serum protein in 
a normal individual of similar weight. As the 
patient’s total circulating serum protein was only 
about half as great as that of the normal, regen- 
eration in his case was sufficiently rapid to have 
replaced all of his serum protein within ten days. 
Likewise Case 3, who had marked hypoprotein- 
emia, was able to regenerate about 14 grams of 
scrum protein per diem. The diet in the latter in- 
stance contained only 60 grams of mixed protein 
daily, and after the requirements of metabolism 
and proteinuria had been met there was little pro- 
tein available for deposition in the tissues. At no 
time was there a negative nitrogen balance, and 
no appreciable decrease in the concentration of 
serum protein occurred. The catabolism of pro- 
tein was 0.72 gram per kilo per day showing an 
efficient utilization of food protein. 

The hypothesis of defective regeneration of 
serum proteins in nephrotic states seems to have 
been substantiated to a certain extent in Case 2. 
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The diet appears to have furnished the calories 
and protein required for cfTcctive replacement of 
tissue protein, and the losses of protein in the 
urine gradually hecanic much less than in Cases 
1 and 3, yet the increase in circulating scrum pro- 
tein was exceedingly slow. Before ascribing the 
.small increase in cirailating protein to faulty re- 
generation, a number of other possibilities must be 
considered. As Whipple and his collaborators 
have shown (10. 20), a reserve depot of serum 
protein or readily available precursors exists in 
the body. It is hardly possible to conceive of 
replacement of scrum protein without some re- 
placement of parent material. That such depo- 
sition occurred is suggested by delayed increase 
in proteinuria following addition of supplementary 
protein to the diet and by excess excretion of 
urinarj' protein for a varj’ing number of days 
after the supplement was discontinued. A sim- 
ilar lag has been noted in the dog (10). 

Little as yet is known of the mechanisms which 
stimulate the formation of serum protein. Evi- 
dently artificial lowering of the concentration by 
removal of the protein is an effective stimulus to 
the regenerative process in the normal dog (10). 
The increased catabolism of protein incident to 
starvation in one of Weech's dogs (24) suffering 
from nutritional hypoproteinemia seems to have 
provided the requisite stimulus for regeneration 
of serum protein. This result is diametrically 
opposed to the result obtained in a somewhat sim- 
ilar experiment reported by Pomerenke, Slavin, 
Kariher and Whipple (20). In the latter in- 
stance, the reserves of plasma protein had been 
depleted prior to fasting, and only minimal forma- 
tion of new plasma protein occurred. One might 
suspect, therefore, that in the case of Weech’s dog, 
reserves of the precursors of serum protein still 
existed, and that the utilization of body protein 
for dynamic purposes in some way liberated them 
to replace losses from the blood. 

Qinical observations have shown that the pro- 
teinuria accompanying a concentration of serum 
protein of 3 per cent is generally much greater 
than that accompanying a concentration of 5 per 
cent (9). One might conjecture that one of the 
reasons that a particular degree of hypoprotein- 
emia is maintained over a considerable period of 
time is because the stimulus to regeneration is just 


sufficient to offset the losses in the urine. Until 
the rate of escape of protein decreases either as a 
result of improvement in the renal lesion or be- 
cause the number of functioning glomeruli has 
been greatly reduced (renal failure) little change 
in the circulating serum protein is to be expected. 
Nevertheless, it is difficult to reconcile this view 
with other known facts. It has already been 
shown that different kinds of food protein cause 
different rates of regeneration in the dog (10, 20). 
The evidence submitted here appears to point quite 
definitely to an increased rate of formation of 
serum protein in the periods in which the intake 
of protein was increased, but with respect to the 
animal proteins tested, quantity seems to have 
been fully as important a factor as quality in in- 
creasing proteinuria. If the production of serum 
protein can be increased by the means indicated, 
it is remarkable that an increased rate of manu- 
facture should have been completely offset by 
the increased rate of escape of protein in the 
urine. It is extremely doubtful whether the 
greater proteinuria can be attributed to further 
injury to the kidney. Tests of renal function as 
well as general improvement in the clinical condi- 
tion of these and other patients (8, 13) do not 
point to increased renal damage. 

Since the albumin fraction appears to have been 
relatively more depleted than the globulin, it might 
be supposed that high protein diet would lead to 
a greater formation of albumin than globulin and 
hence to a greater escape of the smaller albumin 
molecule in the urine. Were this true, the urinary 
ratio of albumin to globulin should have risen in 
high protein periods. Actually, variations in the 
ratio were so inconsistent that they failed to lend 
any support to this hj-pothesis, some of the high- 
est ratios being observed when the protein intake 
and proteinuria were the least. The diuretic 
effect of high protein diets has been shown to 
cause increased renal blood flow (22) and is prob- 
ably a real factor in increasing the output of pro- 
tein in the urine. Some preliminary experiments 
with diuretin and urea in Case 3 shovred that pro- 
teinuria definitely increased when these substances 
were administered. While it does not seem fea- 
sible at present to attribute the hj’poproteinemia 
of nephritis to any single influence, the amount of 
protein lost in the urine seems to have had an im- 
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portant effect on the degree of hypoproteinemia. 
The two patients (Cases 1 and 3) who showed a 
high grade of proteinuria had persistently low 
concentrations of serum protein and were unable 
to increase the amount of blood protein in circula- 
tion. The increase in serum protein in Case 2 
was apparently closely related to decreasing losses 
of protein in the urine. Again there was no 
obvious relationship between high protein intakes 
and the level of the serum proteins. 

Lag in excretion of nitrogen and protein re- 
quires brief mention. Falta and others (7, 4, 14) 
have found that in normal individuals considerable 
lag in the excretion of nitrogen may follow 'the 
superposition of certain proteins on a standard 
diet. Lag has been attributed to the manufacture 
of deposit protein and its subsequent utilization in 
metabolism when the supplementary protein feed- 
ing was stopped. Of the proteins tested, egg 
white was found to produce the longest lag. 
This is of interest in connection with the ingestion 
of cooked egg white by Case 1. The greatest 
delay in return of proteinuria to the basal level 
occurred after feeding this protein. 

The efficiency of utilisation of supplementary 
protein at different levels of intake varied consid- 
erably, It has already been mentioned that in- 
creasing increments of egg white and serum pro- 
tein were less well utilized, while the efficiency of 
utilization of 50 and 100 gram supplements of 
either lactalbumin or liver protein remained con- 
stant. The lack of uniformity in these results 
suggests, that, providing the energy furnished by 
carbohydrate and fat is sufficient, the utilization 
of dietary proteins depends upon the nature of 
the protein required by the body and the quantity 
and relative proportions of the amino acids fur- 
nished by the metabolic mixture. 

Mitchell (15, 16) found that there was a de- 
crease in the biological value of protein for grow- 
ing rats when the concentration in the diet was 
increased from 5 to 10 per cent. He attributed 
this decrease partly to less effective utilization for 
growth than for maintenance, the maintenance re- 
quirements being met first and such of the avail- 
able amino acids as were left then being employed 
to form body protein. In addition, when higher 
concentrations of protein were fed, the concentra- 
tion of amino acids in the nutrient mixture sur- 


rounding the cells was thought to have increased, 
and thus led to greater utilization of protein for 
dynamic purposes. 

The data of von Hoesslin (23) on malnour- 
ished individuals are more comparable to the 
results obtained in nephritis than are animal ex- 
periments. He found in most instances that in- 
creasing increments of food protein were less 
effectively utilized but cites at least one example 
where the percentage of nitrogen retained when 
187 grams of protein were fed daily was greater 
than the percentage retained when only 97 grams 
were fed. Each diet provided nearly the same 
number of calories in the form of carbohydrate 
and fat. 

As Mitchell has suggested, one can hardly ex- 
pect the biological value of a protein to be the 
same for all functions and the phenomena ob- 
served in our patients may not be true of other 
conditions. The ability to utilize some proteins 
more effectively than others may have depended 
upon the large demand' for a mixture of amino 
acids suited to the formation of plasma protein 
and its precursors. Those proteins, then, which 
were most effectively utilized provided in addition 
to the amino acids needed for regeneration of 
plasma protein a suitable mixture of building 
stones for formation of deposit protein. 

SUMMARY 

The protein balances of three patients with de- 
generative Bright’s disease, heavy proteinuria and 
hypoproteinemia have been measured. The 
method of procedure was to superimpose on 
basal diets different proteins or additional calories 
in the form of carbohydrate and fat. 

When the caloric and protein contents of the 
diet were sufficient, all of the patients stored large 
amounts of protein, an indication of previous de- 
pletion of their tissue proteins. 

In the case of Patient 2, when the intake of 
protein approximated 0.8 gram per kilo daily, a 
diet with a caloric content of one and one-half 
times the basal requirement permitted some stor- 
age of protein. Further additions of carbo- 
hydrate and fat sufficient to raise the caloric con 
tent of the diet to twice the basal requirement 
appreciably increased the deposition of protein. 

The sum of the protein stored plus protein lost 
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in the urine was taken as the total amount of 
protein spithesir.cd in the body from food. The 
percentage utilisation of the proteins of the food 
was computed on this basis (Tables II and V). 

Small supplementary feedings of egg white and 
scrum protein (supplements of 10 to 25 grams) 
were more ctlicicntly utilized than supplements of 
50 grams. l.actalbumin and the protein of liver 
residue were utilized equally well when either 50 
or 100 grams were fed daily. 

When the protein intake was increased, pro- 
teinuria increased. This has been considered as 
c\-idcncc pointing to an increased rate of synthesis 
of serum protein. The escape of a larger amount 
of protein in the urine may have been due to the 
increased rate of blood flow through the kidneys 
resulting from the diuretic action of the high 
protein diet. 

While ingesting a high protein diet, two of the 
patients failed to show any increase in the total 
amount of circulating serum protein although 
the}' were able to deposit large amounts of pro- 
tein in the body. In both instances the intensity 
of the renal disease, as indicated by the character 
and amount of formed elements in the urinary 
sediment, remained stationar}'. 

The concentration of the serum proteins of the 
third patient (Case 2) increased apparently be- 
cause the renal lesion improved. 

Experimental evidence has been adduced to 
show : 

(1) That the ingestion of supplementary pro- 
tein leads to an increase in proteinuria, but only 
after a latent period of several days. 

(2) That the increased proteinuria persists for 
a few days after the high protein diet has been 
discontinued. 

These facts suggest a partial equilibrium be- 
riveen serum protein and that part of the deposit 
protein which serves as a reservoir of serum pro- 
tein. 
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Many tests have been clone to evaluate renal 
function in the toxemias of pregnancy and in- 
vestigators (I, 2, 3, 4, 5) arc agreed that the most 
accurate is the blood urea clearance. Addis (6, 
7) has studied the urinary sediment in both nor- 
mal and nephritic patients and is able by this 
means to classify the nephritides more accurately. 
These two tests are the most sensitive and accu- 
rate of any used to determine the character and 
e.xtent of damage of the kidneys. However, there 
is a scarcity of Addis count values in normal 
pregnant women. Both tests have been used in 
this clinic to find the limits of variation in normal 
women in the last trimester of pregnancy, as a 
means of obtaining a better basis for comparison 
of values obtained in cases of toxemia, which have 
their onset during this period. 

METHOD 

On the first day the patient was admitted to 
the hospital after the usual breakfast including 
tea, coffee or milk. The patient was instructed 
not to drink more fluids or eat more fruit than 
usual for breakfast. The patient remained in 
bed until the completion of all tests and no fluids, 
" Axythixc That Can Be Poured,” were given 
for hvent}'-four hours. The regular house diet 
exclusive of tea, coffee, milk or ice cream was 
given, but no more fruit than usual even if the 
patient complained of thirst. The bladder was 
emptied at 7.30 p.m. and the urine discarded. 
The patient was encouraged not to void after this 
time. 

On the second day the following routine was 
carried out: breakfast was delayed until the com- 
pletion of all tests. The patient was catheterized 
at 7.30 a.m. and the catheter retained in the blad- 
der until the completion of all tests. The speci- 
men of urine obtained at 7.30 was put in a bo^e 
specially prepared for the Addis count. During 
the next two hours one liter of water was given to 


insure obtaining a suffident volume of urine for 
measuring the urea clearance. At 9.30 a.m, the 
bladder was completely emptied, the urine dis- 
carded, and the patient was given 500 cc. more 
water. At 10.30 a.m. and again at 11.30 a.m. the 
bladder was completely emptied, both specimens 
of urine saved and the catheter removed. After 
the 10,30 catheterization a venipuncture was done 
and the patient was given 500 cc. more water. It 
is e.xtremely important that the bladder be com- 
pletely emptied on time and that the patient drink 
all of the water designated. 

LABORATORY PROCEDURE 

The urinary sediment count was done accord- 
ing to the method of Addis (6, 7). The urea of 
the blood and urine was determined by Van 
Slyke’s method (8), and the blood urea clearance 
was calculated (9). The total proteins of the 
urine were determined in the supernatant urine 
in the Addis tube, according to the method of 
Shevky and Stafford (10). 

RESULTS 

In the accompanying table are the obseiwations 
made of nineteen normal women in the last tri- 
mester of pregnancy, three of whom were multi- 
paras and sixteen primiparas. The tests were 
done from 1 to 83 days antepartum. The blood 
pressures of these women were all within normal 
limits. The average values of the urea clearances 
for the first and second hours varied from 60 to 
118 per cent of the average normal as established 
by Moller, McIntosh and Van Slyke (9), six be- 
ing below 80 per cent. The total protein content 
of the urine was within normal limits. The cast 
count varied from 0 to 10,000, except one case 
which showed a count of 14,000. This patient 
had had acute pyelitis one year previously, a fact 
which may account for the high value. The red 
blood cell count ranged from 47,000 to 1,900,000 
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TABLE I 


The Addis urinary sediment count and blood urea clearance of normal pregnant women 


Case 

num- 

ber 

Age 

Para 

Days ante- 
partum 

Blood 

pressure 

Urea clearance 

Protein- 

uria 

Addis count 

1st hour 

2nd hour 

Total casts 

R.B.C. 

W.B.C. 


years 



mm. ffg 

per cent normal 

per cent normal 

grams 


thousands 

millions 

1 

18 

0 

33 

120/70 

64.3 

79.6 

.36 

7,500 

1,192 

2.30 

2 

18 

0 

31 

105/60 

68.2 


.25 

0 

285 

0.60 

3 

35 

V 

55 

120/60 

87.7 


.36 

14,000** 

500 

0.50 

4 

20 

0 

32 

122/80 



.18 

0 

367 

3.18* 

5 

21 

0 

18 

130/70 



.36 

7,400 

22,230 

6.00* 










Trauma 


6 

20 

0 

60 

120/80 

122.8 

96.8 

.18 

9,900 

8,300 

2.30* 










Trauma 


7 

17 

0 

25 

115/70 

85.5 

78.3 

.20 

0 

1,943 

0.11 

8 

22 

0 

30t 

130/90 


105.0 

.36 

0 

510 

2.00* 

9 

32 

0 

42 

120/62 

51.2 

86.8 

Trace 

0 

1,000 

3.15 

10 

20 

0 

24 

120/60 

85.9 

75.0 

Trace 

0 

670 

0.50 

11 

24 

0 

30 

118/74 


68.0 

.36 

10,000 

570 

0.62 

12 

18 

0 

7 

90/60 

85.9 

74.6 

.36 

9,702 

525 

0.53 

13 

23 

0 

42 

100/50 

62.5 

57.9 

.40 

0 

440 

0.55 

14 

26 

0 

3 

116/60 



.36 

0 

254 

0.27 

15 

18 

0 

16 

118/80 

88.4 

49.2 

.72 

0 

4,810 

12.90* 










Trauma 


16 

25 

II 

1 

110/50 

119.0 

103.0 

.30 

1,000 

102 

0.03 

17 

24 

III 

3 

130/60 



0 

8,800 

310 

0.62 

18 



1 

Not done — labor 

began 

.36 

0 

342 

2.00 

19 

22 

0 

83 

100/60 


84.0 

.03 

3,200 

47 

0.10 


* Bacteriuria. 

t 21 days following test, developed toxemia. 

** Acute pyelitis 1 year ago. 

except in those cases in which there was known to 
be definite trauma in catheterization. The white 
blood cell count ranged from 25,000 to 6,000,000. 
In several instances there was a definite bacteri- 
uria. 

DISCUSSION 

The values of the urea clearance established by 
Moller, McIntosh and Van Slyke (9) for non- 
pregnant normal subjects ranged from 80 to 120 
per cent of the average normal clearance. We 
have found that the values ranged from 60 to 118 
per cent of the average normal clearance in nor- 
mal women in the last trimester of pregnancy, 
with one-third between 60 and 80 per cent. 
Therefore 60 per cent is probably the low limit 
of normal. 

Addis found the urinary sediment of normal 
non-pregnant individuals to contain: casts 0 to 
5,000; red blood cells 0 to 425,000; and white 
blood cells 32,000 to 1,000,000. Our observations 
showed casts varying from 0 to 10,000, with half 
of the cases having a count greater than 5,000, 
which is above the upper normal limit observed 


by Addis. The red blood cell count varied from 
47,000 to 1,900,000 except in three cases where 
there was definite trauma by the catheter. Among 
the remaining 16 cases, 5 showed an erythrocyte 
count greater than 500,000. The cell count of 
leukocytes and epithelium ranged from 25,000 to 
6,000,000 with 8 instances in which it was greater 
than 1,000,000. 

The wider limits of variation may be explained 
by the changes in the physiology and anatomy of 
women in the last trimester of pregnancy. Re- 
cently Courts et al. (11) have demonstrated by 
aortograms of 12 women in the last trimester of 
pregnancy that the aorta is displaced to the leR, 
that the renal arteries course upward and that the 
circulation in the common iliac arteries is altered. 
These facts suggest that pressure of the gravid 
uterus may alter the renal circulation. We have 
noted that patients after dehydration and cathe- 
terization usually secrete very little urine for the 
next 2 hours. This is in accordance with the find- 
ings of Dieckmann (5) who has called attention 
to the small volume of urine obtained antepartum 
with the larger volume obtained postpartum. 
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ureters may become dilated by the pressure of the 
gravid utcnis, thus giving rise to stasis, and pos- 
sibly to bactcriuria and to an elevated leukocyte 
count in the urinary sediment. In view of these 
changes, it seems reasonable to suppose that renal 
function may be secondarily altered, thus ac- 
counting for the lower values of the urea clear- 
ance and the larger number of formed elements 
in the urinary sediment of normal women in the 
last trimester of pregnancy, when compared with 
the values previously obtained by others in non- 
pregnant normal indi%-iduals. 

CONCLUSIONS 

In nineteen normal women during the last tri- 
mester of pregnancy, counts were made of the 
number of formed elements in the urinary sedi- 
ment, and measurements made of the urea clear- 
ance. 

1. In the urinary sediment, using the technique 
of Addis, casts varied from 0 to 10, OCX); the red 
blood cells from 47,000 to 1,900,000; and the cell 
count of leukocj'tes and epitltelium from 25,000 
to 6,000,000. These values are higher than the 
corresponding values hitherto obseia'ed in normal 
non-pregnant individuals. 

2. The values of the urea clearance varied from 
60 to 118 per cent of the average normal standard 
established by Van Slyke and coworkers. From 
this it is apparent that the lower limit of normal 
urea clearance is somewhat less than in non- 
pregnant individuals. 
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The development of a practical technique by 
^filler and .Abbott ( 1 ) for the prompt collection 
of jejunal and ileal contents from the normal hu- 
man subject, using a double-lumcned apparatus so 
arranged as to obstruct passage beyond the point 
of aspiration, has rendered possible for the first 
time a direct investigation of the chemical nature 
of these intestinal fluids comparable to the studies 
previously made on gastric and duodenal juices. 
The method permits, in addition, a more complete 
collection of duodenal contents than can be ob- 
tained with a single-Iumened tube. Thus an op- 
portunity is now available to make observations 
on material obtained in a satisfactory' manner 
from any part of the small intestine of man. 

In this presentation we report the results of 
chemical determinations made on contents from 
the duodenum, the jejunum and the ileum of in- 
dividuals with apparently normal digestive tracts. 
They show the range in reaction, bicarbonate con- 
centration and osmotic pressure, under fasting 
conditions and after the oral administration of 
hydrochloric acid, of sodium bicarbonate and of 
water. Some data on the chloride, calcium, phos- 
phorous and total nitrogen concentrations are in- 
cluded. An attempt has been made to correlate 
the various observations. The results will be 
used as a basis of comparison for work now in 
progress in this Clinic on problems of intestinal 
secretion and absorption. 

METHODS 

1. Subjects. The observations are based on fif^'-one 
intestinal intubations carried out on thirtj' individuals, 

^ Aided by a donation from Mr. Samuel S. Eels and 
by grants from the Faculty Research Committee and 
from Smith, Kline and French Laboratories. 


some of whom were patients whose gastro-intestinal 
tracts were considered to be normal and some, paid 
healthy subjects. Each subject took the tube in the 
morning after a 14 to 16 hour fasL The specimens in- 
cluded samples obtained consecutively at one intubation 
as well as samples from repeated intubations of the 
same individual. 

2. Intubation. The method (1, 2) involved the use of 
a double-lumened tube with a thin rubber balloon at- 
tached over the distal end of one lumen. This balloon, 
when distended in the duodenum by the injection of air, 
stimulates peristalsis sidiidently to sweep the apparatus 
rapidly along the intestine, and then, when in the de- 
sired position and somewhat less tense, serves as a dam 
to facilitate aspiration of the contents above it through 
fenestrations in the second lumen. The efneienej- of 
the balloon in checking the flow of contents was clearly 
established by roentgen examination after the oral intro- 
duction of barium sulphate suspensions. The specimens 
were aspirated by a negative pressure of 70 cm. of wa- 
ter, which is suflident to conduct through a single lumen 
of a nine foot tube ISO cc. of intestinal juice per minute. 
As the end of the tube frequently reached the terminal 
ileum in the course of three hours after traversing the 
pylorus, the entire length of the small intestine was 
available for study. 

Although both measurement of the length of the tube 
beyond the pylorus and fluoroscopy were employed, the 
exact point in the small intestine from which material 
was being aspirated was difncult to determine, except 
when near the cecum. Even when the tube was checked 
at the mouth and no more of it allowed to enter we 
observed that nevertheless more and more of the in- 
testine tended sIowl 3 - to assume a position above the 
balloon, thus causing the tube from time to time to reach 
an actually deeper level in the bowel. On one occasion, 
for instance, a balloon on a tube extending orjy four and 
a half feet beyond the pjdorus lay in the upper ileum 
within three hours after it was swallowed, but after six 
hours, without any more tube being allowed to enter, it 
was found to be in the cecum. For this reason, and be- 
cause we have found no abrupt change in the character 
of the contents or in the roentgen picture m different 
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taking place, collections of gas appeared inter- 
spersed between columns of fluid. The material 
in its gross appearance conformed, with slight 
variation, to the description of Miller and Abbott 
(2), being a somewhat viscid fluid, of amber to 
greenish color, and it usually contained fine flecks 
of mucus and other debris which settled on 
standing. 

(b) Reaction. The pH was very variable, 
ranging from 2.64 to 7.80. There was a tendency 
for the contents to become more alkaline lower 
in the intestine, though distinctly acid specimens 
(pH 4.8) were occasionally recovered even from 
the ileum. 

(c) As would be anticipated from the wide 
range of pH, the bicarbonate concentration was 
variable, our extremes being 1.3 and 45.5 m.eq. 
per liter. 

(d) Osmotic pressure. The contents, espe- 
cially from the upper intestinal tract, were often 


TABLE III 


Concentrations of calcinm, nitrogen and phosphorus in 
the intestinal contents of fasting subjects at 
various levels 

Distance beyond 
the pylorus 

j Calcium 

1 

Total 

phosphorus 

Total 

nitrogen 

cm. 

Duodenum. . . 
Duodenum. . . 
Duodenum. . . 
30 i 

mgm. per 100 cc. 

12.4 

mgm. per 100 cc. 

5.5 

4.7 

mgm. per 100 cc. 

61 

33 

63 

30 

8.0 


30 

5.2 

10.0 

56 

30 

5.6 

13.2 

30 

11.6 

7.1 


30 

45 

60 

12.S 

7.2 

45 

60 

5.4 

7.3 

73 

60 

8.0 


60 i 


55 

60 

5.8 1 

7,1 

50 

90 


109* 

90 

5.4 



90 

5.2 

5.9 

54 

90 


40 

90 


7.1 


90 


4.5 


J 26 

12.8 


1 200 * 

126 

5.0 

6.3 

S3 

120 

5.8 

7.3 


ion 


! 4.5 


120 


4.7 

86 

ISO 

5.0 

! 6.3 

53 

ISO 

9.8 


34 

ISO 

i 


45 


I 



Average 

7*7 

6.8 

53 


* Not averaged. 


hypotonic as compared with blood plasma. In 
their passage down the tract, however, isotonicity 
was usually attained, but never exceeded. The 
chloride concentration was in reciprocal relation- 
ship with the bicarbonate content, thus maintain- 
ing the osmotic pressure. The chloride ranged 
from 50.6 to 150.6 m.eq. per liter (296 to 880 
mgm. NaCl per 100 cc.). 

(e) Calcium, phosphorus and nitrogen. The 
calcium concentration was usually below the nor- 
mal blood level. A few analyses indicated that 
practically all of the phosphorus was in the in- 
organic form, its concentration was usually above 
that of blood plasma. Both calcium and phos- 
phorus tended to be more concentrated in the 
upper intestine. As the few analyses indicated 
that about one-half of the total nitrogen was pre- 
cipitable by zinc hydroxide, the fasting protein 
content was very low, 

2. .e^fter hydrochloric acid and sodium bicar- 
bonate administration 

When hydrochloric acid solution (0.16 N), 
isotonic with blood plasma, was introduced into 
the stomach by tube in 50 cc. quantities the re- 
sultant influence on the chemistry of the intestinal 
contents at various levels is sliown in Figure 2. 
Hydrochloric acid of this concentration is appar- 
ently held in the stomach, and released into the 
intestine in small quantities so that neutralization 
is rapidly attained. No immediate increase in 
rate of flow was observed, but in two cases an 
increase occurred about one hour after giving the 
acid. No decrease in the pH but rather a tend- 
ency to an increase was noted, showing that the 
alkaline intestinal fluids are present in excess. 
Isotonicity with the blood plasma was maintained. 

The response to isotonic sodium bicarbonate so- 
lution was in marked contrast to that which fol- 
lowed the administration of isotonic hydrochloric 
acid (Figure 3), The bicarbonate left the stom- 
ach very rapidly as is shown by the immediate in- 
crease in the rate of flow, in the bicarbonate con- 
tent and in the alkalinity of the intestinal contents. 
Sodium bicarbonate in 5 per cent solution also left 
the stomach relatively rapidly. That it was not 
held until isotonicity was established is indicated 
by the osmolar concentration of the intestinal fluid 
rising appreciably above 300 milliosmolcs, hen 




Fig. 2. Ci:r.\xs to Snow the Effects of the Or.«. Abmin-isteation- of Isotonic Hydp.ochlokic 
Acid Solution (0.16 N) on the Contents of the Duodenum and of the Ileum (120 and ISO cm. 
Below the P^-lorus). 


Dotted lines indicate normal ^lues for blood plasma. Arrows indicate time of administration. 
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Fig. 3. Curies to Show the Effects of the Oilil ADMrNiST?.ATioN of Isotonic and Hypertonic 
Solutions of Sodium Bicarbonate on the Contents of the Intestinal Tp.act 
Dotted lines indicate normal values for blood plasma. Solutions were admim'stered at zero time. 
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in a single experiment a stronger solution of so- 
dium bicarbonate (10 per cent) was given it was 
retained by the stomach until diluted. This is 
definitely indicated by the absence of an appreci- 
able increase in the bicarbonate ion of the duodenal 
fluid. In the latter instance, furthermore, bicar- 
bonate was present in the stomach three and one- 
half hours after its administration, in contrast to 
some experiments with isotonic bicarbonate solu- 
tion in which the gastric juice again became acid 
within thirty minutes. 

3. After water 

The data obtained on specimens from three dif- 
ferent levels in the intestine after the subject had 
drunk 400 cc. of water are plotted in Figure 4. 
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Fig. 4. Corves to Show the Effects of the Oral 
Abministration of Water on the Contents from Five 
Fasting Subjects. 

Each subject is represented by a different type of line. 
The water was administered at zero time. 

In four out of five cases, as shown by the prompt 
increase in the rate of flow, the water left the 
stomach rapidly. With this sw'eeping out of the 
basal.acid secretions of the stomach the pH of the 
intestinal fluid decreased. The osmotic pressure 


of the fluid also was lowered until approximate 
equilibrium was established after a variable in- 
terval. In one case in which only a slightly in- 
creased rate of flow occurred within the first half 
hour, the influence of the alkaline intestinal fluid 
predominated as indicated by the increase in bi- 
carbonate, the higher pH and the maintenance of 
isotonicity. 

DISCUSSION 

The data covered in this report are based en- 
tirely on a chemical study of intestinal contents 
as they normally occur, and not of pure intestinal 
secretion. Chemical analyses of intestinal juices 
per se, without an admixture of substances from 
above, secured by the use of a three-lumened 
double-ballooned apparatus (12) that allows the 
fluid to be collected from an isolated segment of 
bowel, will be reported separately by Abbott and 
Karr (13). 

Since the contents at any one point are a mix- 
ture of saliva, gastric juice, bile, pancreatic secre- 
tion and succus entericus originating above the 
point of collection, the composition depends pri- 
marily upon the ingredients of these separate se- 
cretions and secondarily upon the chemical reac- 
tions that occur among them. Gastric juice is 
hypotonic with respect to blood plasma. The acid 
gastric juice enters the duodenum and there comes 
in contact with secretions of alkaline reaction and 
of isotonic composition (8). The fasting con- 
tents of the small intestine beyond the duodenum 
are essentially a mixture of two fluids, gastric 
and duodenal, and they have a tendency to assume 
the characteristics of whichever may predominate 
at the time. 

The great variation in the pH of the fasting in- 
testinal contents is associated with a marked varia- 
tion in the motility of the stomach and the intes- 
tine and, to a less extent, with a variation in the 
acidity of the fasting stomach contents and in 
the amount of pancreatic secretion. If the acid 
gastric juice while fasting leaves the stomach rap- 
idly and is carried down the intestine by active 
peristalsis, the pH at any level tends to be low. 

If the progress of the contents is slower, complete 
neutralization occurs and sometimes, when intes- 
tinal secretions are in excess, an alkaline reaction 
results. Roentgenological examination supports 
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tills relationship to motility. Such observations as 
apply to tile duodenum arc in keeping with the 
results of many similar studies previously made 
on man. With regard to the jejunum and ileum, 
only McClendon and his associates (14) have re- 
corded the reaction in intact subjects, none of 
whom was in the fasting state. The most nearly 
comparable studies on animals are those of Mann 
and Bollman (15), who have showed in fistula 
dogs that the reaction of the intestinal content 
raries approximately in the same manner as that 
reported in this paper. 

The studies of osmotic pressure of the intes- 
tinal contents show a wide variation from hypo- 
tonicit}' to practical isotonicity with the blood 
plasma. Two factors tend to produce a low os- 
motic pressure in the duodenum: the presence of 
h\-potonic solutions from the stomach and neutral- 
ization. The following equation shows the neu- 
tralization of isotonic hydrochloric acid by isotonic 
sodium bicarbonate: 

'HQ NaHCO. XaO 

1 L , 1 L ' _ 2 L a. CO, 

160m.eq. I60m.eq. ~ SOm.eq. ' (absorbed) 

per liter per liter per liter 

The carbon dioxide is very readily absorbed (16) 
and the resultant state of hj-potonidty persists 
until equilibrium is established by the absorption 
of water or the diffusion of salt into the fluid. 
In any event osmotic equilibrium is usually at- 
tained, although if motilitj* is very rapid, fluids 
with an acid pH and a low osmotic pressure may 
■ be found in the lower small intestine. When the 
motility is slow the fluids are neutral or alkaline 
and isotonic with blood plasma. 

The bicarbonate content obviously varies with 
the hydrogen ion concentration. When the in- 
testinal pH is in the neighborhood of / .4 the bi- 
carbonate content often approximates that of 
blood plasma. Variations are probably due to 
greater variations in the carbon dioxide tension. 
How much of the bicarbonate for neutralization 
comes from the pancreatic juice and how much 
through the intestinal wall is unknown. In the 
duodenum the pancreatic bicarbonate is probably 
the more • important factor. In intestinal seg- 
ments which have been blocked off, however, as 
will be shown in a subsequent presentation (13), 
certain stimuli may provoke a secretion or bi- 


carbonate greatly in excess of its concentration 
in the blood plasma. 

The chief function of the chloride ion in its 
reciprocal relationship to the bicarbonate ion 
would seem to be that of maintaining osmotic 
pressure. That it is present in the intestinal fluid 
in greater concentration than in blood plasma may 
not indicate a spedfic secretory* action of the in- 
testinal wall but rather an equilibrium of the only 
anion available to maintain osmotic pressure. 

It is fully realized that the presence in the in- 
testinal tract of the tube and the inflated balloon 
may disturb to some extent its normal chemical 
physiolog}*. The variations in the chemical data 
on an individual intubated on different occasions, 
however, would seem to be due to functional 
variations beyond control and occurring in spite 
of the fact that the apparatus always, in our work, 
has been introduced and maintained under con- 
stant conditions. 

SUMMARY 

(1) A technique of intubation which makes 
practical the recovery of contents from approxi- 
mately any desired portion of the intact human 
small intestine has been employed in a study of 
the chemical characteristics of the normal bowel 
under varying conditions. 

(2) Under fasting conditions it has been dem- 
onstrated (a) that the flow of contents into an}* 
part of the small intestine is usually less than 1 
cc. per minute; (b) that the addity of the con- 
tents is greatest in the duodenum, diminishing 
gradually torvard a neutral or even a slightly alka- 
line reaction in the lower ileum; (c) that the bi- 
carbonate concentration is related to the reaction 
of the contents, and (d) that the duodenal con- 
tents if add and in the process of neutralization 
are uniformly hj’potonic, but that if neutral or 
alkaline they approach closely the osmotic state 
of the ileal contents which are essentially in 
equilibrium with the blood plasma. 

(3) After the oral administration of a solution 
of hydrochloric add isotonic with the body fluids, 
the contents of the stomach usually pass slowly 
into the duodenum, where they are completely 
neutralized by the bicarbonate content of the lat- 
ter and attain osmotic equilibrium with the bod>. 

(4) After the administration of an isotonic 
solution of sodium bicarbonate, a very rapid ei-ac- 
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uation of the stomach occurs; but after a 5 per 
cent solution, the discharge is less rapid though 
still sufficient to produce distinctly alkaline and 
hypertonic duodenal and intestinal contents. Af- 
ter a 10 per cent solution, however, gastric reten- 
tion occurs to such an extent that within two 
hours no increase in the bicarbonate content or 
alkalinity of the duodenal contents can be demon- 
strated. 

(5) After the administration of 400 cc. of wa- 
ter, the gastric contents pass into the duodenum 
with sufficient rapidity to render the intestinal 
fluids acid, and to lower their osmotic pressure. 
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.A.ccording to the usually accepted concept, the 
urea removed from the blood by the kidneys is 
e.\-crctcd in tvvo forms, chiefly as urea itself, but 
partly as ammonia. That the ammonia of the 
urine is formed in the kidneys was demonstrated 
by Nash and Benedict (1921), in work which has 
been confirmed by other authors (cf. Peters and 
Van Slyke, I, p. 373). Evidence from animal 
e.xperiments in vho has indicated urea as the 
probable chief source of the ammonia formed by 
the kidney (cf. Peters and Van Slyke (1931) p. 
373). Krebs’ recent work (1933) with kidney 
tissue in vitro has indicated the possibilitj’ that 
blood amino acids ma}' also be a direct source of 
the ammonia formed by the kidney, but whether 
an important part of the ammonia actually ex- 
creted comes from them has not been demon- 
strated. 

If urinary ammonia is entirely or chiefly 
formed from the blood urea, the urea cleared 
from the blood per minute by the kidneys is rep- 
resented more accurately by the excretion of urea 
+ ammonia rather than of urea alone. It appears 
possible, therefore, that urea clearances calculated 
from the excretion of urea -f- ammonia may 
measure the work of the kidneys in excreting urea 
from the blood more accurately than clearances 
calculated in the usual manner from the output 
of urea alone. 

It therefore appears to be a problem of physi- 
ological interest to ascertain whether, when the 
mnmonia:urea ratio in urine varies markedly, 
more consistent values for the urea clearance are 
calculated from the excretion rate of urea alone, 
or of urea ammonia. 

For clinical interpretation, as ahead}' pointed 
out by Bell, Gilmour and Cameron (1934), it 
would seldom make a serious difference if, in the 
formula for calculating the urea clearance (M6I- 
ler, McIntosh and Van Slyke (1928, a)), urine 


urea nitrogen were replaced by urea -t- ammonia 
nitrogen. Since the ammonia m’trogen ordinarily 
equals 1 to 10 per cent of the urea nitrogen, the 
clearance calculated from urea ammonia would 
be from 1 to 10 per cent higher than that cal- 
culated from the urea excretion alone. In nephri- 
tis the proportion of nitrogen excreted as am- 
monia is likely to be less than in normal subjects, 
because the damaged kidney turns a smaller pro- 
portion than normal of the urinar}' nitrogen into 
ammonia (see literature quoted by Peters and 
Van Slyke (1931), p. 378; also data in Table III, 
present paper). 

Conditions do occur, however, in which the 
ammonia : urea ratio may be unusually high. 
Such are the addoses of diabetes and starvation, 
and the depression of urea output caused by very 
low protein, high calor}-, diets. If the urea dear- 
ance is measured in such a condition, it is of in- 
terest to know whether more consistent values 
may be expected when the calculation is based on 
the output of urea, or of urea -f- ammonia. 

Aside from this, and the physiological interest 
of the problem, the question has some practical 
bearing on the convenience of procedures for de- 
termining the urea dearance. If a method for 
determim’ng urinary urea is used which depends 
upon estimation of the ammonia formed when 
the urea is hydrolyzed by heat or urease, it is 
simpler to determine urea -f- ammonia than urea 
alone, since thereby one avoids an extra operation 
to remove or determine the preformed ammonia. 
Likewise, if the h}pobromite gasometric method 
is used, it is simpler to determine urea -f ammo- 
nia, since the reagent gives practically the same 
^-ields of N. from both. Furthermore, if, by 
bladder infection or delay in analyzing urine, part 
of the urea is decomposed into ammonia befo»e 
analysis, no error is introduced into the figure 
representing the sum of urea -j- ammonia. 
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We have sought to solve the proposed problem 
by ascertaining whether, when the ammonia : urea 
ratio in the' urine is greatly increased, calculation 
of urea clearances with, or without, inclusion of 
the excreted ammonia gives values more con- 
sistent with those yielded by the same subjects 
under ordinary conditions. In order to obtain 
maximal increase in the ammonia: urea ratio, the 
numerator was increased by inducing acidosis 
with ammonium or calcium chloride administered 
by mouth, while the denominator was decreased 
by putting the subjects on low protein diet. By 
these means the ratio could be raised from its 
average usual value of about 0.05 to as high as 
1.0. Unless such means are taken to increase the 
ratio, the effect of adding the ammonia to the 
urea for calculation of the clearance is likely to 
be small (averaging about 5 per cent) in com- 
parison with normal spontaneous variation in the 
clearance, which may be ± 20 per cent, so that 
it would be difficult to ascertain, except by sta- 
tistical data, whether the inclusion of the am- 
monia increased or decreased the constancy of 
the clearance. 

We have also determined the clearances of urea 
with and without inclusion of the urinary am- 
monia in normal subjects and nephritics on ordi- 
nary diets, in order to obtain data, in addition to 
those of Bell, Gilmour and Cameron (1934), in- 
dicating the usual range of the effect of including 
the ammonia. 

Finally, led by the extreme rapidity and sim- 
plicity of the approximate gasometric determina- 
tion of urea -j- ammonia with hypobromite, we 
have, in a series of nephritic subjects with renal 
function varying from normal to that of terminal 
nephritis, compared urea clearances with “h3^o- 
bromite nitrogen ” clearances. These were calcu- 
lated by substituting, in place of the urine urea 
nitrogen in the clearance formula, the urinary 
nitrogen determined by the hypobromite method, 
which is approximately 0.95 X (urea nitrogen 
-f- ammonia nitrogen). 

METHODS 

Blood urea was determined by the gasometric urease 
method (Van Slyke, 1927). Urea its urine was deter- 
mined by the gasometric urease method (Van Slyke, 
1927). Arr.inonia in urine was determined by the aera- 
tion technique of Van Slyke and Cullen (1914, 1916). 


Creatinine in blood and urine was determined by tl 
methods of Folin (Peters and Van Slyke, 1932, pp. 61 
to 604). 

For the approximate hypobromite determination i 
ammonia -f urea in urine, the manometric procedure c 
Van Slyke (1929) was used, with the modification th: 
the removal of ammonia by treatment with permutit w£ 
omitted. The urine was simply diluted 10- or 20-fol( 
according to its concentration, and a sample was tran; 
ferred to the manometric apparatus for the analysi; 
The improved hypobromite reagent of Van Slyke an 
Kugel (1933) was used. Twelve to IS determination 
could be done in an hour, and the procedure is so simp! 
that the loss of an analysis, or failure of duplicates t 
check within 0.5 per cent, was a rarity. 


CALCULATIONS 

Urea clearance. The urea clearance was calculate! 
by Formula 1 or 2, depending on the urine volume, a 
described by Moller, McIntosh and Van Slyke (1928, o) 
(see also Peters and Van Slyke (1932), pp. 564 to 570) 


1 II TTV 

(1) Cut - - , when F>2. 


(2) Cur 


B 

1.85 WF 
B 


, when F < 2. 


^Ur ~ clearance, in per cent of average normal ; 
U = urine urea nitrogen, in mgm. per 100 cc.; B = blood 
urea nitrogen, in mgm. per 100 cc.; V — urine volume in 
cc. per minute. V was corrected for body size, as de- 
scribed by McIntosh, Moller and Van Slyke (1928). 
(See also Peters and Van Slyke (1932), p. 569.) 

Clearance of urea -f- ammonia, Cy,, ^ . The clear- 

ance of urea + ammonia, also in percentage of average 
normal urea clearance, was calculated by Formulae 1 and 
2, but with U representing urea -f- NH^ nitrogen, instead 
of only urea nitrogen, in the urine. 

Hypobromite nitrogen clearance, Cjjy This clearance 
was calculated by the same formulae, but with the urinary 
nitrogen determined by the hypobromite method sub- 
stituted for 17. In this case U represents approximately 
95 per cent of the urea + ammonia nitrogen. 

Creatinine clearance was determined after giving 5 
grams of creatinine, the calculation being like that of 
urea clearance by Formula 1, with 0.68 replacing the fac- 
tor 1.33. 

RESULTS 

Obsemaiions in zuhich the ammonia: urea ratio 
in the urine was increased by induced acidosis and 
loiv protein diet. It is obvious from Table I> 
dates April 23 to April 26, and Table II, dates 
June 7 to June 11, that when an important part 
of the urea -}- ammonia nitrogen %vas in the form 
of ammonia, the clearances calculated from the 
excreted urea alone were much below the usual 
urea clearance shown by the same subject. When 
the clearances were calculated from the excretion 
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TABLE I 

Ccr:fiariscn cf dr.ircr.efs r/ tircj crJ urea + ctr.mor.ia in subjects before and during induced acidosis. Subjects vritk normal 

ttruil function 


Dale 
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in diet 

Aciiiifylne 
f aU t.iWcn 

Urine 

volur.e 

corrected 

for 

body 

site 

Urine 

urea 

Urense 

method 

Urine 

ammonia 

nitrogen 

VanSlyke- 

Cullen 

aeration 

Blood 

urea 

nitrogen. 
Urease 
on whole 
blood 

Urea 

dear* 

ance 

Urea-fNHi 

dearance 

^Ur-rNB, 

^ Ratio of 

to 

^CTr 

1 Excretion 
rate of 
[ urea-fXH: 
calculated 
as 

nitrogen 

Ve- 
t nous 
plas- 
ma 
CCh 





rtm. 

rrgrt. 

men. 

per ccrU 

Per cer.t 


ZTons 

r-M. 




tfT 


ter 

ter 

of 

of 


per 

Per 




rr.ir.ule 

100 cc. 

100 cc. 

100 cc. 

r.orvw 

Kormal Cjj, 


SJi kovTS 

liter 

Fcbaiarv 26 

Unlimited 

0 i 

4.6 

I S3 


10.2 

112 







1 

1 

9.3 

92 


10.2 

112 





March 17 

Unlimited 

1 

0 

5.4 

166 


12.8 

93 








2.7 1 

280 


12.8 

SO 





March 19 

Unlimited 

0 

1.9 

435 

14.4 

12.8 

87 

90 

103 

12.2 





1.9 j 

401 i 

10.2 j 

12.8 

81 

83 

102 

11.2 i 


.March 29 

Unlimited 

NH/Clt 

2.8 

251 j 

45.7 

12.8 i 

74 

88 

118 

12.0 

22.1 




4.5 

177 1 

30.4 

12.8 

85 

100 

- 117 

13.4 


March 30 

Unlimited 

NH*C1 

3.5 

235 

51.6 

12.9 

84 j 

103 

! 122 

14c A 

! 20.0 




5.1 

150 

31.2 

12.9 

so 

96 

[ 120 

13.2 

1 

-■^pril 2 

Unlimited 

NH.CI 

1.8 

329 

96.7 

12.2 

68 

88 

129 

11.1 

15.4 




1.7 

354 

104.5 

12.2 

70 

1 91 

129 

11.4 


-■^pril 16 

20* 

0 

1 

3.4 

104 

7.3 

6.6 

70 

75 

107 

5.4 





2.8 

114 

\ 7.5 

6.6 

65 

69 

107 

4.9 


April 23 

20 

CaCljf 

1 

; 

123 

34.8 

5.1 

53 

69 

128 

3.2 

24.2 




1.0 

! 148 

52.4 

5.1 

55 

74 

135 

3.0 


April 25 

20 

CaCl; 

4.2 

34.5 

27.0 

3.8 

50 

90 

180 

3.7 


April 26 

20 

CaCIs 

3.8 

42.8 

35.9 

4,3 

SO 

93 

186 

4.1 

18.3 




2.5 

53.1 

54.0 

4.3 

42 

85 

202 

2.8 



* Diet with onlv 20 crams protein, April 15 to 25, inclusive. Total ralories 2500.^ 
t Administration of 10 grams NH,C1 daily, March 2/ to ApnU2 inclusive (= 18/ m^eq ). 

t Administration of 10 ^ams Caa 3 - 2 H.O daily, Apnl 21 to 26, inclusive, eqwvalent to /.55 grams CaCl. (= 13/ m.eq.). 


of ammonia -f- urea nitrogen, on the other hand, 
the values were within or near the range 

of clearances obtained from the subject under 
ordinarj- dietary conditions. The creatinine clear- 
ances (Table II) indicated, like the ammonia 
-f- urea clearances, no significant decrease of 
renal function during the periods of high am- 
monia; urea ratios in the urine. 

It therefore appears that, when acidosis in- 
creased ammonia excretion until it was impor- 
tant in comparison with urea excretion, the state 
of renal function w'as more accurate!}' indicated 
hy the urea clearance calculated on the assumption 
that the ammonia -{- urea of the urine represent 
the urea cleared from the blood. Calculation on 
the basis of excreted urea alone in this condition 
gave clearance values which were abnormally low 
for the subjects. 


Comparison of clearances of urea and of urea 
-{- ammonia in normal subjects and nephriiics, 
without induced acidosis. Table III gives the re- 
sults obtained from a series of subjects on ordi- 
nary diets. The nephritic • patients are dirided 
into trvo groups, according to whether their clear- 
ances were above or below 20 per cent of average 
normal. It is evident that the ammonia: urea ra- 
tio in the urine tends to decrease as renal destruc- 
tion becomes greater. The ammonia nitrogen 
averaged 5 per cent of the urea nitrogen in the 
normal subjects, 3.5 per cent in those nephritics 
who showed clearances above 20 per cent of nor- 
mal, and only 1 per cent in the terminal cases, 
with clearances less than 10 per cent of normal. 
The highest ammonia: urea nitrogen ratio in the 
entire series was 1.09 in normal subject Num- 
ber 2. 
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TABLE II 

Comparison of clearances of urea, urea + NHi, hypobromite nitrogen, and creatinine, before and during induced acidosis. 

Subject G. Hypertension, with normal clearance 


Date 

Protein 
in diet 

Acidifying 
salt taken 

Urine 

volume 

corrected 

for 

body 

size 

Nitrogen per 100 cc. urine 

Urea 

nitrogen 

per 

100 cc. 
blood by 
urease 
on whole 
blood 

Clearances, calculated 
in percentages of mean 
normal urea clearance 

Plasma 

creat- 

inine 

clear- 

ance 

E.xcretion 
rate of 
urea -f-NHj 
nitrogen. 
Average 
of 2 periods 

Ve- 

nous 

plas- 

ma 

COj 

NHj by 
Van 
Slyke- 
Cullen 
aeration 

Urea 

by 

ureaSe 

Hypo- 
bromite 
nitrogen i 

^Ur 

^Ur+NH,' 

^Hy 

1 

1 

grams 

i>er 

S4 hours 


cc. 

per 

minute 

mgm. j 

1 

tngm. 


fngm. 

per 

cent 

Per 

cent 

per 

cent 

per 

cent* 

grams 

per 

S4 hours 

mM. 

per 

liter 


No acidosis 


May 30 

Ad. lib. 

None 

1.21 

22.1 

892 

885 

19.9 

91 

94 



16.9 




3.55 

6.1 

341 

342 


81 

83 




May 31 

Ad. lib. 

None 

4.09 

8.4 

269 

253 

16.1 

91 

94 

86 

88 

12.9 




4.44 

4.3 

143 

147 


53 

54 

54 

53 


June 1 

Ad. lib. 

None 

8.08 

4.4 

163 

165 

15,2 

116 

119 

117 

101 

11.7 



2.22 

12.4 

421 

419 


82 

85 

82 

79 


June 2 

Ad. lib. 

None 

8.88 

3.5 

77 

78 

8.5 

107 

112 

109 

108 

9.3 



4.78 

2.5 

114 

108 


85 

87 

81 

72 


June 3 

20 

NH4CI 

9.06 

3.6 

59 

62 

7.9 

90 

95 

95 

119 

8.0 



4.44 

4.1 

115 

120 


86 

89 

90 

95 



Acidosis 


June 5 

20 

NH4CI 

4.80 

20.4 

109 

126 i 

9.5 

73 


85 

106 

8.9 

20.4 



3.38 

28.6 

151 

175 


71 


83 

75 



June 7 

20 

NH«C1 

4.63 

29.1 

99 

122 

11.2 

55 

71 

68 

93 

7.9 

17.8 



4.09 

30.1 

92 

116 


44 

60 

57 

57 



June 10 

20 

NHiCI 

1.16 

175.9 

373 

522 

11.1 

67 

99 

94 

105 

9.8 

16.4 



3.20 

64.2 

163 

212 


63 1 

88 

83 

74 



June 11 

20 

NH4CI 

1.96 

116.7 

237 

340 

12.3 

61 

74 

71 

81 

10.1 


1 

1 

1 

1,69 

1 



403 


56 

81 

79 

66 



Mean and standard deviation of clearances May 30 to June 3 

88 

91 

89 

89 











±15 

±16 

±15 

±21 



Mean and standard deviation of clearances June 5 to June 11 

61 

81 

78 

82 











±10 

±12 

±11 

rfc 18 




* For plasma creatinine clearance 148 cc. per minute is taken as 100 per cent of mean normal. 


If, in calculating the Ct/r + j///, values, the fac- 
tors 1.33 and 1.85 in Formulae 1 and 2 were re- 
duced by 5 per cent, to 1.26 and 1.76 respectively, 
the Cvr+h’iii values, calculated from excretion of 
urea ammonia, would in no case in Table III 
deviate by more than 4 per cent from the true C ut 
values, calculated from the excretion of urea 
alone. 

Comparison of iJtc urea clearance ndfh the 
clearance of nitrogen determinable by hypo- 


bromite, in nephritic patients with varying de- 
grees of renal impairment. Table IV shows that, 
in the 54 urines analyzed, the nitrogen deter- 
minable by hypobromite in the urine averaged ex- 
actly the same as the urea nitrogen determined 
■with urease. In all but 2 urines the two methods 
of analysis gave within 5 per cent the same values. 
In one case the hypobromite method gave 6 per 
cent more, and in one 12 per cent more than the 
urea nitrogen. 
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These arc the results to he expected. As 
sliown in tlic original description of the mano- 
mclric hypohromitc method (Van Slyke (1929)), 

TAKX III 

Ccir.fr.rison cj elcaraiicfs of urea and 0} urea + ammonia 
in normal suhjeets and in nef-hrities rntli ivrying 
degrees of renal imf'airmenl 
Urea in blood .and urine by pasomctric urcasc-CO: 
method (Van Slyke (1927)). .Ammonia in urine by 
aeration and titr.ation (Van Slyke and Cullen (1914)). 


TABLE in — con I in tied 


Number 


Urea 

Urea-fNH. 

Ratio of 

Initials 

clearance 

clearance 

CUr-f-^'E, 



CVr 


to Cur 



Per cer.t of 

Per cent of 




noTvicl Cijf 

normcl Cxjr 



Nephritic patients with clearances below 20 per cent 


Number 

Initials 

1 

Urea 

clearance 

Cur 

Urca+NH, 

clearance 

cut-yEi 

Ratio of 
CVr+SEt 
to CUr 

j 


per cent rf 
rnyrnol Clff 

per cent of 
r.crrrcl CUf 



Normal subjects 


1 

E.K. 

130 


1.06 



164 


1.03 

2 

B. 

65 


1.06 



100 

102 

1.02 



101 

110 

1.09 

3 

J.M. 

118 

12s 

1.06 


117 

124 

1.06 

1 


111 

115 

1.03 

Average 

l.OS 


1 

FI. 

9.00 

9.20 

1.02 



8.30 

8.30 

1.00 



7.70 

7.80 

1.01 



8.20 

8.40 

1.02 



9.20 

9.40 

1.02 



9.10 

9.20 

1.01 

2 

Car. 

8.65 

8.78 

1.01 



8.65 

8.78 

1.01 



9.65 

9.78 

1.01 

3 

1 

Jo. 

7.50 

7.67 

1.02 


7.20 

7.39 

1.03 

4 

Wein. 

5.79 

5.88 

1.02 



5.79 

5.91 

1.02 

5 

Cap. 

5.30 

5.41 



6.88 

6.92 




5.20 

5.24 




3.69 

3.70 




3.74 

3.75 

1.00 

Average 

1.01 


TABLE TV 


Nephritic patients with clearances above 20 per cent Comparison of clearances of hypobromile nilrogen and of 


— 





urea nitro. 

gen m nephritic 

patients mtl 

1 varying 

1 

A.Ch. 

72 

70 

83 

53.6 

55.4 

37.lt 

74 

72 

1.03 

1.02 


degrees of renal impairment 


2 

A.Co. 

85 

55.0 

56.0 

38.0 

33.1 

47.4 

24.8 

77.1 

51.5 

34.4 

35.1 

34.0 

29.4 

1.03 

1.03 

1.01 

1.02 

1.02 

1.06 

1.06 

1.01 

1.06 

1.08 

1.08 

1.06 

1.04 

Number 

Ratio of 
urea nitrogen to 
hypobromite 
nitrogen 
in urine* 

Urea 

clearance 

CUr 

Hypobromite 

nitrogen 

clearance 

CH3 

3 

McG. 

32.6t 

44.6t 

23.31 

75.9 

48.4 
31.8 
32.6 
32.0 

28.4 

1 

2 

3 

1.01 

1.01 

1.01 

1.00 

0.96 

Per cent of 
normal Cxj^ 

151 

129 

188 

110 

i 

106 

per cent of 
ncrm.cl Cpfr 

153 

130 

190 

no 

103 

4 

Ra. 

28.4 

38.9 

28.9 

39.9 

1.02 

1.02 

4 

1.04 

1.04 

112 

112 

117 

117 

5 

Cal. 

29.1 

24.5 

29.4 

24.8 

1.01 

l.OI 

5 

1.02 

0.97 

90 

107 

92 

104 

6 

Or. 

18.7 

22.0 

19.5 

22.6 

1.04 

1.03 

6 

0.94 

0.97 

1.00 

0.99 

93 

84 

83 

65 

88 

82 

83 

64 



Average 

1.035 

7 


! Low protein diet, 20 grams per da5’. 
tHigh protein diet, 130 grams per day. 


•This urine concentration ratio is also the clearance 
ratio, Cur : Chj. 
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TABLE IV — continued 


Number 

Ratio of 
urea nitrogen to 
hypobromite 
nitrogen 
in urine* 

Urea 

clearance 

CUr 

Hypobromite 

nitrogen 

clearance 

^£ty 

! 


Per cent of 

per cent of 



normal CUf 

normal Cuf 

8 

0.97 

89 

85 


0.97 

71 

69 

9 

0.96 

87 

84 


1.02 

67 

68 

10 

1.01 

95 

96 


1.00 

75 

75 

11 

0.98 

72 

71 


0.94 

73 

69 

12 

1.01 

69 

71 


1.00 

69 

69 

13 

1.05 

55 

58 


1.12 

56 

63 

14 

1.01 

47 

47 


1.02 

57 

58 

15 

0.98 

48 

47 


0.99 

41 

41 

16 

0.98 

44 

43 


1.01 

40 

40 

17 

0.97 

30 

30 


0.96 

33 

30 

18 

1.05 

26 

27 


1.02 

37 

38 

19 

0.99 

27 

27 


1.00 

33 

33 

20 

1.00 

23.1 

23.0 


1.03 

22.4 

23.1 

21 

0.97 

15.8 

15.4 


1 0.97 

18.6 

18.1 

22 

1.01 

17.2 

17.3 


0.98 

16.0 

15.8 

23 

0.97 

15.3 

14.8 


0.98 

15.9 

15.6 

24 

i 1.01 

13.3 

13.4 


1 1.03 

14.1 

14.5 

25 

1.02 

12.8 

13.0 


1.02 

14.2 

14.4 

26 

1.00 

14.6 

14.6 


1.01 

10.3 

10.4 

27 

0.95 

9.4 

8.9 

1.06 

10.2 

10.8 

2S 

0.9S 

2.2 

2.2 

Averape ratio 

I.OO 




the nitrogen yielded by it from urea, under the 
conditions prescribed for urine analysis, is 95 per 
cent of theoretical. With ammonia the yield is 
almost the same, 96 per cent (VanSlyke (1927)). 
As the ammonia nitrogen in the urine ordinarily 
averages about 5 per cent of the urea nitrogen 
(see for example Table II), one could expect 
that, when the hypobromite reagent is applied 
with the urinary ammonia present, the Nj gas 
yielded by the ammonia would, on the average, 
make up the 5 per cent deficit in the N 2 yielded 
by the urea. 

Hypobromite clearances less than 95 per cent 
of the urea clearance cannot occur, except as the 
result of analytical error, because the hypobromite 
reagent gives 95 per cent of theoretical No from 
pure urea. (It also evolves some N, from other 
urinary substances, such as uric acid and crea- 
tine, but their effect on the result in human urine 
appears to be ordinarily slight.) 

Hypobromite nitrogen clearances above 105 per 
cent of the urea clearance will occur when the 
ammonia nitrogen exceeds 10 per cent of the urea, 
e.g.. Number 13, Table IV. In such cases the 
hypobromite nitrogen clearance will approximate 
(95 per cent or a little more) the clearance of 
urea ammonia nitrogen, which has been shown 
above to be a more consistent measure of renal 
function than the clearance of urea alone. 

It appears that the comparative significance of 
the urea clearance and the hypobromite nitrogen 
clearance may be summarized as follows. 

1. The average normal values yielded by both 
are identical, hence the same standard normal 
values, heretofore used for the urea clearance, 
apply without change to the hypobromite nitrogen 
clearance. In calculating percentages of normal 
values for the hypobromite nitrogen clearance, the 
factors 1.33 and 1.85, of Formulae 1 and 2, can 
therefore be used without change, also the nomo- 
grams for graphic calculation of the clearance. 
(Moller, McIntosh and Van Slyke (1928, c) ; 
Peters and Van Slyke (1932), pp. 566 and 567.) 

2. The hypobromite nitrogen clearance will al- 
ways be 95 per cent or more of the urea clearance. 

3. When, by reason of an unusually high am- 
monia : urea ratio in urine, the hypobromite nitro- 
gen clearance significantly exceeds the urea clear- 
ance, the hypobromite nitrogen clearance may be 
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taken as (lie tnorc accurate measure of renal 
function, since it approximates the urea -f ani- 
monia clearance, which has heen found to be more 
consistent than tlic sim{)lc urea clearance. 

From these conclusions it appears that the hy- 
pobromite nitrogen clearance can be taken not 
only as a technically convenient, but also as an 
accurate measure of renal function, practically 
equalling for this purpose the true urea clearance 
when the ammonia: urea ratio in the urine is 
within ordinary limits, and excelling the urea 
clearance when the relative ammonia excretion is 
exceptionally great. 

Present urea clearance procedure in this Clinic 

Experience accumulated since the details for 
determining the urea clearance were first pub- 
lished (Moller, McIntosh and Van Slyke (1928, 
o) ) has somewhat more completely indicated the 
conditions desirable for the procedure, and we 
will briefly outline the manner in which it is now 
carried out. 

Preparation of the subject. E.xcept in fairly 
advanced cases of nephritis, it ordinarily makes 
no significant difference whether the subject lies 
down during the test or walks about. Van Slyke, 
Alving and Rose (1932) found that it made no 
difference in any subject examined by them who 
showed more than 50 per cent of normal clear- 
ance, but that 3 out of 12 nephritics with less than 
50 per cent normal function showed lower clear- 
ances if they were up and about. It is therefore 
desirable that nephritics, who have advanced to 
less than 50 per cent of normal clearance, rest in 
a reclining posture during the test, but in other 
subjects it is not essential. 

It is desirable to promote a fairly free flow of 
urine during the test, in order to diminish the rela- 
tive error caused by retention of urine in the 
bladder at the voidings. For this purpose we 
routinely give two glasses of water, one at the 
beginning of the test, and another an hour later, 
nfter the first spedmen of urine has been col- 
lected. This is the only spedal preparation of 
the subject which we routinely follow. It may 
be omitted when for any reason it is desirable to 
do so. 

The gain in constancy of results caused by increasdg 
the urine volume is indicated by the follo^ving res ts- 


MoIIer, McIntosh and Van Slyke (1928, o) found that 
the mean probable deviation, in a given subject, from the 
average clearance of that subject, was +9.2 per cent 
when the urine volume was under 2 cc. per minute, and 
+ 7.0 per cent when the volume exceeded 2 cc. Addis 
(1922) obtained routinely a great diuresis by giving one 
liter of water, with 15 grams of urea, 2 hours before the 
test, and tv/o glasses (about 400 cc.) each hour thereafter 
until the test was completed. Under these conditions the 
mean probable deviation of the clearance in an individual 
was reduced to + 2.7 per cent. 

Some of the earlier studies of urea excretion indicated 
that coffee affected the results (Addis and Drury 
(1923)), and that clearances taken in the morning might 
be more consistent than those taken at other times of the 
day. Page (1933) has found, however, that the amount 
of caffeine in an ordinary cup of coffee has no measar- 
able effect on the clearance. And general experience in 
this hospital has shown that the time of day also has no 
significant effect The clearance may therefore be taken 
whenever it is most convenient, and it is not necessary to 
forbid the tal:ing of a single cup of coffee or of ordinary 
amounts of food before the test 

Addis and Watanabe (1916) and Addis (1922) gave 
15 grams of urea routinely, except in cases with blood 
urea already high, with the idea that the increased load 
of urea would put the kidney under a strain and reveal 
functional deficits that might otherwise be missed. Fow- 
weather (1934) also recommends urea administration oa 
the basis of his experience, but for exactly the opjposite 
reason; giving the urea appeared to pre^'ent an occasional 
erroneously lov/ clearance which was encountered when 
urea was not given. Cope (1934), apparently influenced 
by Fowweather's results, advises the giving of urea. 
Moller, McIntosh and Van Slyke (1923, a and b), how- 
ever, found that the urea administration had no influence, 
either in raising or lowering the clearance, either in nor- 
mal or in nephritic subjects. Later, Van Slyke, Alving 
and Rose (1932) again tested the question carefully, and 
likewise concluded that urea administration was without 
effect on the clearance values. It is the writers' belief 
that the administration of urea increases the accuracy of 
the clearance determinations only when, bj' increasing 
the blood urea content (Fowweather found an average 
increase of 16 mgm, urea nitrogen per 100 cc. blood after 
giving 15 grams of urea), it augments the accuracy of 
the blood urea determinations. When a technique lor 
blood urea is used which gives satisfactorily accurate 
results with the concentrations of blood urea naturally 
present, there appears to be nothing gained by urea ad- 
ministration. It complicates the p.-ocedure, and the 
methods for rapid blood analysis notv available are 
sufficiently accurate to make the addition unnecessary. 
One of the advantages of the urea clearance as a renal 
test is that it is not necessary to complicate it by ad- 
ministration of anything. 

Collecting the urine. It is desirable to collect 

two specimens of urine, each over a measured 
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period, for which about an hour is a satisfactory 
time. A single specimen of blood for analysis 
drawn near the middle of the two-hour interval 
serves for comparison with both urine specimens. 
In consequence, two clearances are measured with 
only one drawing of blood. 

To start the first period, the subject, after drink- 
ing his first glass of water, empties his bladder 
completely, without saving the specimen, and a 
stopwatch is started. At the end of approx- 
imately an hour the subject again voids completely 
and the specimen is saved (Period 1). 

At the moment when the subject finishes void- 
ing, the time on the stopwatch is recorded, as the 
first period, and the watch is immediately re- 
started for the second period. The subject then 
drinks his second glass of water. 

At approximately the end of the second hour he 
again voids completely, the time of this period is 
accurately recorded, and the specimen is saved 
(Period 2). 

It is not necessary that the time of each period 
shall be exactly an hour ; it may without harm 'be 
longer, up to several hours; or it may be shorter 
than an hour, provided enough urine (preferably 
over 50 cc.) is voided to prevent undue error from 
the volume retained. The essential things are, 
that the time be exactly recorded, that the approx- 
imately complete urine content of the bladder be 
obtained, and that the blood urea determined rep- 
resent approximately the average for the period. 

In some patients it is impossible to obtain urina- 
tion at will. In such cases one may continue the 
collection period for several hours until spontane- 
ous urination occurs, provided the time is accu- 
rately recorded. Especially in young children, it 
is frequently necessary to wait for spontaneous 
urination. For these the automatic recording de- 
vice described in the accompanying paper by Farr 
(1935) is a great advantage. 

Urine measurement. The urine from each pe- 
riod is measured within 1 per cent. Accurate 
graduated cylinders of 25, 50, 100 and 200 cc. are 
kept at hand, and the smallest is used which will 
contain the specimen. 

Collecting blood. At about the end of the first 
hour of the usual 2-hour test, a sample of blood 
is drawn for analysis. Ordinarily, when no urea 
has been administered, the change of blood urea 


content is slow, so that a matter of 10 or 15 min- 
utes time, or. even more, sooner or later, is not im- 
portant. We usually draw 2 cc. or more of blood 
from a vein into a syringe, thereby obtaining suf- 
ficient for duplicates by the usual gasometric 
methods. When, however, economy of blood is 
desirable, 0.2 cc. is taken from a finger or ear, or, 
for small children from the heel as described by 
Drucker and Cullen (1925), and the urea is de- 
termined by micro-analysis. 

Urine analysis. The rapid hypobromite urea 
method with the manometric apparatus is used 
(Van Slyke (1929), Peters and Van Slyke 
(1932), p. 379). The treatment zvith perniutit 
to remove ammonia, included in the original de- 
scription of the method, is omitted for reasons de- 
veloped in this paper. The urine is merely diluted 
10 or 20-fold, a sample is measured into the 
manometric chamber, hypobromite is added, the 
chamber is shaken 1.5, 2 or 3 minutes at 25°, 20°, 
or 15°, respectively, and the analysis is finished by 
taking the reading. The improved hypobromite 
reagent of Van Slyke and Kugel (1933) is used. 

Analysis of blood. The manometric hypobro- 
mite method is also routinely used for blood urea. 
It is applied, as described by Van Slyke and 
Kugel (1933), to the blood filtrate obtained by 
deproteinization with zinc hydroxide according to 
the procedure of Somogyi (1930). The correc- 
tion of 1.2 mgm., recommended by Van Slyke and 
Kugel for N, evolved from non-urea substances 
in the Somogyi blood filtrate, is applied. As 
found by Van Slyke and Kugel, the maximum er- 
ror by this method is 0.5 mgm. of urea nitrogen 
per 100 cc. of blood. The method is simpler, with 
regard to reagents and procedure than the urease 
methods, and is as accurate as the urease procedure 
recommended for routine analyses (“Procedure 
A, for determinations in a series of blood fil- 
trates,” p. 703, Van Slyke (1927)). 

For micro-analyses of blood drawn from skin 
puncture, the micro-gasometric urease method 
(Van Slyke (1927)) has until lately been em- 
ployed. However, a micro-hypobromite modifica- 
tion has been developed by Farr, and is described 
in his accompanying paper (1935). 

Calculation. When the urinary hypobromite 
nitrogen is determined as above described, the 
clearance is calculated by Formulae 1 or 2, with 
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the urine nitrogen determined by llie h\-pobroniite 
rcprc«cntinj: U in the lonmilae. The same nomo* 
prams (Mollcr, Mclntosli and Van Slykc 
(192S, a) ; Peter? and Van Slykc (1932), pp. 566 
and 567) iiscd for facilitating calculation of the 
clearance from exact urinary urea values are used 
also with the hyix)bromitc nitropen values. 

If laboratory convenience.? should make it easier 
to determine urea -f- ammonia nitrogen (e.g., by 
the urease method, with determination of the pre- 
formed ammonia together with the ammonia 
formed from urea) one would use the formulae 
vrith the constant? 1.26 and 1.76 substituted for 
1.33 and 1,85. 

Clearance by dirrei cohrsinclrsc comparison of 
blood end urine urea. (Van Sl 3 'kc and Cope 
(1932).) This method is convenient where lab- 
oratorj’ facilities make colorimetr}’ more prac- 
ticable than manometric analysis. Because the re- 
verse is the case in this laboratorj’, the colorimetric 
procedure has not been used routinely by the 
writers. However, it has given satisfactory 
routine service in the clinic of one of our col- 
leagues (Prof. L. H. Newburgh). 

In the light of results in the present paper, the 
colorimetric clearance maj' be simplified by omit- 
ting the preliminarj’ treatment of the urine %vith 
permutit to remove ammonia, and by making the 
urine dilutions to 1.05 times the volumes indicated 
by the graph of Van S^-ke and Cope. 

SUMMARY 

Experiments with human subjects show that 
when the proportion of urea in the urea -f- am- 
monia mixture of the urine is markedly decreased 
bj' induced acidosis and low protein diet, the urea 
clearances calculated from the excretion rate of 
urea alone suffer a parallel reduction. If, how- 
ever, values for excretion of urea -f- ammonia are 
substituted for urea, the clearances calculated re- 
*nain at the usual levels. 

The theoretical significance of the results is 
to favor the hj^potheses, that the ammonia ^- 
^eted in the urine of man is formed in the kid- 
^’cys chiefi}' from urea removed from the blood, 
and that the work of the kidne 3 's in excreting urea 
Irom the blood is more accurately indicated by 
the combined excretion of urea and ammonia than 
by the excretion of urea alone. 


The practical deduction is that in determina- 
tions of the urea clearance as a measure of renal 
function, results are somewhat more consistent if 

in the clearance formula, or — one uses 

for U the urinar 3 ’ concentration of urea -f- am- 
monia nitrogen, instead of only urea nitrogen. 
When the urinar}- urea is determined b 3 ' methods 
measuring the NHj formed b 3 ' urea h 3 'drol 3 ’sis, 
or the N, yielded b 3 ' the action of h 3 'pobromite, 
the determination of combined urea ammonia 
nitrogen is also simpler than detenm'ning the urea 
nitrogen separatel 3 *. 

The routine procedure developed for clinical 
determination of the urea clearance is described. 
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Hypohromilc micro mclhod for blood urea 

The blood is precipitated according to the 
method of Steiner, Urban and West (1932), and 
the urea is determined manometrically by the 
In-pobromitc reaction, as applied by Van Slyke 
and Kugcl (1933). 

Twenty-five hundredths cubic centimeters of 
blood is’lakcd in 12.0 cc. of distilled water which 
has been measured into a conical centrifuge tube 
with calibrated volumetric pipettes. The blood is 
stirred to ensure adequate mixing and 0.25 cc. 
of 17 per cent FeS 04 .H .0 is added and mixed 
thoroughly with a stirring rod. Then 0.2 to 0.4 
gram of solid BaCOj is* added. This is most 
conveniently done by using a small ladle which has 
previously been measured to contain the correct 
weight of BaCOj. An excess of BaCOj does 
not injure the analysis. The nuxture is thor- 
oughly stirred until the precipitate begins to floc- 
culate. Settling is rapid, and the supernatant liq- 
uid should be clear. If there is a yellowish tinge, 
some additional BaCOj should be added and the 
contents thoroughly mixed. The tube is then cen- 
trifuged for 15 minutes at 2500 R.P.M. or more, 
and filtered through a small (5 or / cm.) filter 
paper into a 25 cc. Erlenmeyer flask. Usually 
10.5 to 11.0 cc. of filtrate are obtained. 

For the urea determination 5 cc. of filtrate are 
transferred to the chamber of the Van Slyke- Neill 
manometric apparatus by means of an Ostwald 
bulb pipette. The 5 cc. of filtrate represent 0.1 
cc. of the original whole blood sample. The 
chamber is sealed, and is evacuated and shaken 
for two minutes to free the solution of dissolved 
gases. These are expelled, and 1.5 cc. of the 
hypobromite solution is run into the chamber, 
which is then sealed, evacuated and shaken for 
the necessary reaction time, about minutes, 
at ordinary room temperature. The pressure of 
the gas evolved is measured with the gas occupy- 
ing a volume of 0.5 cc. The filtrate from 0.25 cc. 
of blood suffices for duplicate analyses. 


An empirical correction of 1 mgm. urea m'tro- 
gen per 100 cc, blood is subtracted when the im- 
corrected value exceeds 10 mgm., but not when it 
is less than 10 mgm. 

It is not necessary to remove the barium in de- 
termining the urea by this method. If 0.25 cc. of 
blood is not available it is possible to perform the 
analysis on as little as 0.1 cc. of blood, though the 
accuracy' of the result is correspondingly lessened. 

The results when 0.25 cc. of blood are used are 
accurate to within 5 per cent of the true value un- 
less the blood urea nitrogen is below 10 mgm. 
per cent. 

Infant urine collector and annunciator apparatus 

The following apparatus was developed in order 
that the rate of urine excretion in infants could 
be determined as exactly as in adidts. This allows 
one to calculate the urea clearance, for which it is 
necessary to be certain that all of the voided urine 
is collected, and that the inten'al during which the 
urine is excreted is accurately timed. 

A 1000 ml. wide-mouth bottle is used as the 
container for the apparatus (see Figure 1), This 
is kept clean so that any mine which escapes from 
the collection cup can be recovered and measured. 
The mechanical parts are fixed to an ordinary 
rubber stopper 5 cm. in diameter. Through this 
stopper in an eccentric position is led a % inch 
glass tube (O') which is curved after it passes 
into the bottle so that the lower opening is below 
the center of the cork and over or extending into 
the mouth of the 30 ml. beaker that is used for 
the collection of the specimen. The beaker is 
suspended from a spring arm (C), the suspend- 
ing string passing through the center of the cork. 
It is connected with the beaker by a hook (D) 
which holds the beaker handle (£) which is con- 
nected to the beaker by being wound tightly about 
it. This system must be so arranged that the 
beaker swings freely. The diameter of the beaker 
is sufficiently less than that of the mouth of the 
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Fig. 1. Details of Urine Collector and Annunciator 
For symbols, see text. 


TABLE I 

Factors by which Pni is multiplied to give urea or urea 
nitrogen per 100 cc. of blood 


Temperature 

•C. 

Factors giviuK 

Factors giving 

mgm. urea N 

mgm. urea 

15 

0.7960 

1.703 

16 

0.7930 

1.697 

17 

0.7900 

1.690 

18 

0.7875 

1.685 

19 

0.7845 

1.679 

20 

0.7815 

1.672 

21 

0.7790 

1.667 

22 

0.7760 

1.660 

23 

0.7730 

1.654 

24 

0.7705 

1.649 

25 

0.7680 

1.643 

26 

0.7650 

1.637 

27 

0.7625 

1.632 

28 

0.7600 

1.626 

29 

0.7575 

1.621 

30 

0.7545 

1.615 

31 

0.7520 

1.609 

32 

0.7490 

1.602 

33 

0.7465 

1.597 

34 

0.7445 

1.593 


bottle to allow free withdrawal of the beaker 
when full. The alarm apparatus consists of a 
wire spring arm (C) to which the beaker string 
is fastened at about the middle. One connection 
from the wall plug (A) is connected to the base 
of this spring arm, the other is fastened to the 
contact (B). The wire itself is led through the 
cork, and the connections are made on the lower 
side of the cork. The spring contact is so ad- 
justed that 2 to 3 cc. of urine will depress the 
beaker and arm sufficiently to make contact. On 
either side of the flat contact head is placed a long 
screw which is covered with rubber tubing. (See 
B in detail, Figure 1). This acts as a guide for 


TABLE II 


Analyses of blood showing comparisons with macro 
urease determinations 


Sample 

Pn, 

Tempera- 

ture 

UreaN 

per 

100 cc. 

UreaN 

per 

100 cc. 
average 
value 

UreaN 
per 100 cc. 
by macro 
urease 
metliod 

Rs 

mm. 

10.5 

10.8 

«C. 

27.5 

mgm. 

8.00 

8.20 

vtgm. 

mgm» 

8.53 

M 

23.8 

24.8 

25.5 

16.95 

17.80 

17.37 

17.81 

C 

16.3 

14.8 

24.5 

11.35 

10.20 

10.7 

9.40 

R 

9.5 

10.5 

24.0 

7.30 

8.10 

7.7* 

8.05 

P 

207.5 

210.0 

27.0 

157.10 

158.80 

157.9 

160.20 


* Empirical correction of 1 mgm. not subtracted for 
urea nitrogen values below 10 mgm. per 100 cc. 


the spring arm and ensures contact in the proper 
manner on all occasions. The two wires leading 
from the apparatus (zs A and B) are connected 
to a plug which fits into the ward annunciator 
system. The urine is obtained from the child 
in the customary manner. On male infants the 
penis is inserted into an adapter tube of such a 
size as to avoid compression. This is held in 
place by a urinal binder, which consists of two 
strips of cotton material forming an X (see Fig- 
ure 2). At the center of the X is made a hole 
which allows the adapter tube to slip through but 
which will not permit the lip of the tube to pass. 
The edges of the hole must be reinforced by 
buttonhole stitching to prevent tearing and stretch- 
ing. The adapter is then held firmly in place by 



Urinal binder 



Aiaptcr tube fer females 
shewing actual siiccf 
epemne and fla-nge 



Fig. 2. Details of .Adapter for Urine Collfx'to.r 
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bringing the nmis of (he X nroitncl the child and 
pinning. For female infants the same binder 
may he used but a difTcrent shaped adapter tube 
is used. From the adapter tuhe the urine is led 
through a soft rubber tube directly over the foot 
of the bed to the alarm bottle. It is advantageous 
to raise the head of the bed and usually it is neces- 
sary to place restraints on the child’s ankles. No 
other restraints arc ordinarily required. Thus, 
when the child voids, the beaker is filled, depress- 
ing the spring arm and making contact. This 
rings the buzzer on the call board, and it is merely 
neccssarj- to note the time in order to determine 
any series of intervals desired. The specimen of 


urine in the beaker is collected, and the beaker re- 
placed ready for the next specimen. 

Clearances which have been calculated from 
data obtained in this fashion are comparable in 
ever}' way to those done on older patients and on 
the same patient when voluntary control could 
be exercised. 
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In .nttcnipting lo understand disability of a 
chronic nature, more particularly in that group 
of ailments commonly designated as “ degenera- 
tive diseases,” it has become ever more apparent 
that description of the successive phases which 
healthy individuals exhibit during normal life is 
extraordinarily incomplete. A serious defect in 
knowledge accordingly exists which interferes in 
an important sense with the possibility of draw- 
ing conclusions concerning how far a particular 
healthy person differs from his fellows. In short 
the question as to whether his bodily state differs 
only so widely from the average as to fall within 
the range of diancc biologic variation, or so 
xvidely as to lie outside and by so doing suggest 
the influence of some unknown agent must, for 
the most part, go unanswered. 

A bring organism is obviously the expression 
of the sum of the functions of its organs and 
structures, and these in turn depend for their 
behavior upon the units of which they are com- 
posed. It is well established (1), furthermore, 
that the growth and decay of the body and its 
parts follow curves of different rates of change 
when plotted against age. The thjTnus gland, for 
instance, reaches the peak of its development at 
pubertj' while the posterior molar teeth are not 
usually fully developed until the age of thirty. 
It follows, seemingl}', that only by accumulating 
descriptions of change of the parts with age can 
change of the whole become known or understood. 

The stud}' of grou'th in human beings, espe- 
cially of their organs and tissues, is beset with 
many difficulties. Their relative longevity, the 
*^mplexity involved in unravelling the role of 
fheir inherited characteristics and the uncontrolla- 
bility of environmental factors lead to variations 
so great as to tend to obscure the essential phe- 
nomena relevant to a description of ontogenetic 


progress. In order to attempt an understanding 
of such processes the observer is forced to turn 
to the study of animals. The advantages of 
choosing, as has been done in this study, such an 
animal as pure-bred wire-haired fox terriers are 
apparent. They have a homogeneous ancestry, 
have a suitable siae, and their ages can be known. 
Female specimens only were chosen. They may, 
furthermore, be furm'shed with similar food, ex- 
posed to the same climatic conditions and allowed 
to partake of similar physical actirity. A certain 
simplification in the problem of managing the ef- 
fect of environmental factors on aging is, in this 
wa}', achieved. Under these circumstances a va- 
riet}' of studies of dogs of this breed have been 
undertaken. The present communication deals 
with the relation of the metaboh'sm of the heart, 
as indicated by the consumption of oxj-gen and 
elimination of carbon dioxide, to the age of the 
animal. 

METHODS 

The method by which the heart and lungs were 
isolated from the rest of the body was essentially that 
of Knowlton and Starling (2). The operative tech- 
nique need not be described except to mention the use 
of a Imife in circuit with a high frequenej- current for 
cutting the soft tissue overlying the sternum. The time 
consumed in operating was, by tins means, reduced 
materially. The amount of blood lost was negligible 
The total capacity of the external drculab'on was 700 cc. 
The blood was warmed, and its temperature satisfactorily 
controlled during the time of its passage through a thin- 
walled rubber reservoir when the latter was i mm ersed 
in water heated by an electric bulb thermostatically 
regulated. The level of the warm water around the 
reservoir was maintained uniform automatically (3) so 
that the venous pressure was constant 

The apparatus for analj-zing respiratory gases differs 
in some particulars from most of those reported and is, 
therefore, described in greater detaib Starling's “Ideal 
respiration pinnp ” was used for infiating the lungs. By 
means of three-way stopcoclrs one in the inspiratoT and 
one in the expiratory tube, the respiratoo' system could 
be connected vvdth the “ closed ” spirometer ci.'cuit (Fig- 
ure 1). The air in the spirometer circuit was propelled 
at a rate of five h'ters a minute by a rotary pump th.'cugh 


lis paper is also No. 16 of the Series on PhyHo op 
ntogeny published from the Hospital of the e 
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G02 absorption tubes 

Fig. 1. A Diagram of the Apparatus Used for Analyzing and Keeping Uniform the 

Mixture of Respiratory Gases 

See description in text. 


one of a pair of receptacles each containing sodium 
hydroxide (20 per cent solution) to absorb carbon 
dioxide. The air then passed on into a spirometer and 
from there to the respiratory pump. The rate of move- 
ment chosen insured the passage onward of the ex- 
piratory air away from the inspiratory inlet before that 
valve opened. 

The carbon dioxide excreted was absorbed in a known 
volume of sodium hydtoxide solution, and the amount 
given off within a measured period of time (within 8 
to 10 minutes) was calculated from the concentration of 
gas in the solution (4). The amount of oxygen con- 
sumed was calculated not from the fall of the spirometer, 
but from the amount it was necessary to add in order 
to keep it at the same level. This method was adopted 
because to maintain gaseous equilibrium between the 
blood perfusing the preparation and the respiratory air, 
it was essential that the preparation be supplied with air 
of constant composition. The quantity of oxygen added 
within a given time was measured in a calibrated burette 
of 100 cc. capacity from which it was displaced by water 
pressure into the closed respiratory system. The rate of 
passage was controlled by a screw clamp. By means of 


an indicator the original level of the spirometer could be 
reproduced approximately within one-quarter of a milli- 
meter, or 0.7 cc. Since the smallest volume of oxygen 
measured was 30 cc. the error involved in this manoeuver 
was less than 2.4 per cent. The burette was easily read 
with an accuracy of 0.1 cc. so that the error from this 
source was not more than 0.3 per cent. 

Changes in temperature introduced a small additional 
error. The volume of the respiratory circuit was one 
liter, and the rate of movement of air such that prac- 
tically uniform temperature prevailed throughout the 
system. The greatest change encountered during any 
one measurement was 0.2® C. Complete neglect of 
change in temperature of the air in the lungs (roughly 
200 cc.) would contribute an error of only 0.2 cc. and 
since the temperature of the circuit was ascertained to 
w’ithin 0.05® C. the error from this source was also 0.2 cc. 
The maximal error in correction of volume for changes 
of temperature w’as, accordingly, 1.2 per cent. The 
actual error was perhaps less than one-half this amount. 
All these errors combined constitute, at a maximum, a 
theoretical error of 4 per cent. It was found that dupli- 
cate measurements did not often differ by more than 3.5 
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per cen! and that the nvcra.ee diiTcfciicc hetween dupli- 
ates was 2.5 per cent. 

The animals were kept wilhnnt fofxi for IS hours prior 
to operation, .•\ncsthc.sia was induced by injecting 
chloralosc 0.1 grant per kilo l>ody weight, into any con- 
venient vein ane.sthcti.-cd locally with novocainc Other 
5cd.at!ve drugs were not given. N'ol infrequently it was 
necessary to supplement the original dose of chloralosc by 
as much as 0.05 gram per kilo. Rarely the dose was 
doubled. One fatality wn.s obviously due to diloralose 
tn over a liundrcd animals. Eighty-five consecutive 
experiments wc.'c carried out without the appearance of 
pulmonary edema Mcept as an event associated with heart 
failure near the dose of an c.cpcrimcnt. In the eighty- 
sixth animal, however, this accident developed abruptly 
ten minutes after changing to the e.xfernal or artificial 
arculation. This was the third successive experiment 
in which a small amount os ether by inhalation had been 
given as a substitute for an additional dose of chloralosc. 
The practice was immediately discontinued, and in the 
remaining twenty-eight c-xperiments pulmonar}' edema 
did not occur. Additional blood was obtained from a 
mongrel by bleeding from the carotid artery five minutes 
after heparin (JO grams per kilo) had been injected 
intravenously. The bleeding was carried out without 
anesthesia unless the animal became restless; ether was 
then administered. 

After the circulation had been diverted to the artificial 
circulating system, a cannula connected to a water ma- 
nometer was inserted into the right auricle through the 
inferior vena cava. The rubber tube from the arterial 
cannula was connected by a side arm to a mercury ma- 
nometer. Plungers riding the liquid in the nanometers 
wrote on a smoked drum. 

The cardiac output was measured in a strorauhr 
brought into the circuit by turning a large glass cock, 
through which there were three passages — one, inlet and 
outlet, to each side of the stromuhr, and a by-pass. The 
borings are necessarily so arranged that on turning the 
cock from its central, by-pass, position, passage is pro- 
rided for simultaneous flow into one side and evacuation 
of the other side of the instrument." The output of the 
cart and the arterial pressure were adjusted to the de- 
sired levels. 

Enough of a 10 per cent solution of glucose containing 
one unit of insulin (Lilly and Co.) for each gram of 
glucose was rapidly added to raise its concentration in 
fte blood to between 200 and 250 ragm. per 100 cc. 
This usually required about a gram of glucose; the 
amount in the blood was estimated by the micro-time 
oiethod of Hawkins (5). The glucose-insulin mixture 
"■as added mechanically at a uniform rate of 8 to 15 cc. 
an hour, depending upon the size of the heart. Often 
me rate chosen served to keep the concentration of glu- 
cose constant, but somewhat more frequently it rose 
slowly to a level of 500 to 350 mgm, glucose per 100 cc. 
of blood. T he rate of injection was not changed, how- 

^ A description of the stromuhr and the stopcock ■will 
c published elsewhere. 


ever, since it was observed that a reduction, or a sudden 
increase, in the inflow of the glucose-insulin mixture led 
to prompt changes in the efficiency of the heart 
About twenty minutes after changing to the artifidal 
circulation, the respiratory system was connected to the 
spirometer circuit by turning the two 3-way cocks. Tea 
minutes were allosved to pass to permit the expiratory 
volume of the lungs to become adjusted to the slight 
difference in pressure existing between the respirafoo" 
and spirometer systems. Measurements of the con- 
sumption of oxygen and of the elimination of carbon 
dioxide were then begun in immediately successive periods 
of eight to twelve minutes. Constant values were ob- 
tained, usually w'thin forty minutes, always wdthin an 
hour. Unless signs of heart failure made their appear- 
ance, a fairly unchanging period in the life of the prepa- 
ration was now established. Constancj- of behavior was 
manifested in the uniformitj- of the cardiac output, of 
the venous and arterial pressures, as well as in the rate 
of metabolism. This was almost invariabl 3 ' the period 
of greatest efficiencj- lasting usually about an hour and 
not infrequently, tn'o hours. Only those experiments in 
which a plateau of behavior like this persisted for at 
least a half-hour were included in the study which is now 
reported. 

Several other tests of the constancy or well-being of 
the preparation were carried out from time to time 
(Table I). (I) Great changes in hj-drogen ion con- 

TABLE I 

The results of analyses of samples of the blood per- 
fusing the heart and lungs at the beginning and end of 
the period of observation in a number of experiments. 
The shortest interval between any pair of measurements 
was fifty minutes, the longest two hours and five minutes 


Dog 

num- 

ber 

At the beginning of the 
experiment 

At the end of the 
experiment 

Oi 

CO, 

pH 

Lactic 

add 

o. 

CO: 

pH 

Lactic 

add 


Tcl- 



mgm. 


Tol- 


mgm. 


vmu 

umts 


per 

urus 

limes 




per ctni 

per ccr4 


100 cc. 

per cent 

Per cent 


100 cc. 

119 

11.24 

8.84 



12.45 

8.69 



120 

12.34 

8.36 



12.25 

8.10 



138 

16.50 

7.40 



IS.SO 

8.10 



147 


9.76 




11.02 



ISS 

14.02 

8.45 



13.38 

9.02 



1« 

13.35 

7.70 



12.94 

8.10 



165 

IIJO 

6.30 



12.02 

7.07 



182 

15.91 




14.79 




203 

15.7.0 

7.23 

7.68 

47.50 

15.12 

7.84 

7.62 

51.2 

20i 




42.50 




48.3 

207 



7.64 

50.30 



7.62 

55.7 

208 



7.72 

40.70 



7.67 

44.8 

209 

16.27 

9.24 

7.64 
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centration, as measured by the colorimetric method of 
Hastings and Sendroy (6) were not enco’jntered. The 
high degree of alkalinit}- is, of course, due in pa.t to the 
fact that only the heart and lungs instead of the whole 
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body were producing carbon dioxide, and in part to the 
large volume of the ventilation employed, but so large a 
volume was necessary in order to maintain the lungs in 
good condition and the blood sufficiently oxygenated. 
The effect of tliis set of artificial conditions is also 
reflected in the low content of carbon dioxide in the 
blood. During the period when measurement of me- 
tabolism was going on, there was but little change 
in concentration of either carbon dioxide or oxygen 
(Table I). (II) The presence and multiplication of 
bacteria in the perfusing blood was also investigated. 
The chief sources of infection lay in the rubber dam 
constituting the artificial resistance and in the rubber of 
the venous reservoir. But if these were kept, between 
experiments, in alcohol 70 per cent it was necessary to 
do no more to sterilize the apparatus than to wash the 
glassware and the rest of the rubber tubing with soap 
and water, to allow it to dry, and then, when the parts 
were assembled, to flush the whole with a few hundred 
cubic centimeters of fresh Ringer’s solution just before 
the experiment. With the use of this procedure it was 
usually impossible to cultivate bacteria on blood agar 
plates. Occasionally at the end of 3 hours, three or 
four colonies per cubic centimeter were found, on one 
occasion eighteen. (HI) The concentration of lactic acid 
in the blood was measured (7) from time to time at 
the beginning and end of the periods of observation. 
The largest increase was 6 mgm. in each 100 cc. of blood. 
(IV) Oxygen and carbon dioxide content of the blood 


were also measured (4) at the beginning and end of 
a number of experiments. Significant changes were not 
observed. 

The heart was weighed within 15 minutes of the ter- 
mination of the experiment. After injection with a 
barium sulphate mixture x-ray photographs were made 
to study the arterial blood supply. This investigation 
will form the body of a separate communication. The 
fat around the base of the heart as well as the aorta and 
the pulmonary artery were next removed. Their weight 
was subtracted from the total weight of the heart. 
The consumption of oxygen ^ was calculated according 
to the wet weight per gram of auricle and ventricle. 

Only those experiments in which the following criteria 
were fulfilled were considered suitable for analysis: 

1. The preparation must have attained and held for at 
least half-an-hour a steady state in regard to cardiac 
output, arterial and venous pressures, and rate of con- 
sumption of oxygen. 

2. The respiratory quotient must have remained within 
reasonable limits; greater than 0.80 and less than l.OS. 

3. At least two pairs of estimations of the consump- 
tion of oxygen must have been obtained differing from 
each other by less than 7 per cent (the estimated error 
of measurement of oxygen was 3.5 per cent) so that 

3 Throughout the remainder of the paper cotmimplion 
of oxygen is employed instead of the more exact phrase 
— consumption of oxygen per gram of heart per hour. 
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Fig. 2. 

The values for the consumption of oxygen by the heart are plotted against the age of the animal 
and the regression line is drawn. 





Fig. 3. 

Observations on the rate of contraction assumed naturally by each heart 
Inc age of the animal and the regression line drawn. 
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ss variable factors beside the two (age of the animal 
consumption of oxygen by the heart) which were 
eiA this study. Many are known and can 

^ cr be regulated or their effect calculated, but many 
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^ temperature, diastolic length of muscle fiber, 

. c output, venous and arterial pressure and com- 
>on of the blood in respect to concentration of oxy- 
^rbon dioxide, sugar, lactic acid and hydrogen ions, 
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The influence of certain of these factors has 
studied; their effect is described later. 


KESULTS 

The results are summarized briefly: 

• The consumption of oxygen per gram of 


heart decreases unth age (Figure 2). The crude 
coefficient of correlation was — 0.6002 

2 The frequencj' of the heart heat decreases 
with age (Figure 3). 


3. The consumption of o.^-gen per gram of 
heart wereases with rate (Figure 4). The coeffi- 
Cleat of correlation was -f- 0A706. The sugges- 
tion emerges accordingly that part of the decrease 
in the consumption of ox}'gen -nrith age mat- be 
due to the decrease in the frequenej- of contrac- 
tion. What influence frequenc>- of contraction 


exerts on consumption of oxygen at successive 
ages can be calculated, were all the hearts assumed 
to beat at the same rate. The relation (frequency 
of contraction and consumption of oxygen) is 
shown in the curve (Figure 4) and is Expressed 
by the formula ; 


Consumption of o.-g-gen per gram of heart per 
boar— 0.187 number of contractions per min- 
ute -f- 2.23 (8). 


The influence of this relation with respect to age 
can now be taken into account by modifi'ing the 
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body were producing carbon dioxide, and in part to the 
large volume of the ventilation employed, but so large a 
volume was necessary in order to maintain the lungs in 
good condition and the blood sufficiently oxygenated. 
The effect of tliis set of artificial conditions is also 
reflected in the low content of carbon dioxide in the 
blood. During the period when measurement of me- 
tabolism was going on, there was but little change 
in concentration of either carbon dioxide or oxygen 
(Table I). (II) The presence and multiplication of 
bacteria in the perfusing blood was also investigated. 
The chief sources of infection lay in the rubber dam 
constituting the artificial resistance and in the rubber of 
the venous reservoir. But if these were kept, between 
experiments, in alcohol 70 per cent it was necessary to 
do no more to sterilize the apparatus than to wash the 
glassware and the rest of the rubber tubing with soap 
and water, to allow it to dry, and then, when the parts 
were assembled, to flush the whole with a few hundred 
cubic centimeters of fresh Ringer’s solution just before 
the experiment. With the use of this procedure it was 
usually impossible to cultivate bacteria on blood agar 
plates. Occasionally at the end of 3 hours, three or 
four colonies per cubic centimeter were found, on one 
occasion eighteen. (Ill) The concentration of lactic acid 
in the blood was measured (7) from time to time at 
the beginning and end of the periods of observation. 
The largest increase was 6 mgm. in each 100 cc. of blood. 
(IV) Oxygen and carbon dioxide content of the blood 


were also measured (4) at the beginning and end of 
a number of experiments. Significant changes were not 
observed. 

The heart was weighed within 15 minutes of the ter- 
mination of the experiment. After injection with a 
barium sulphate mixture x-ray photographs were made 
to study the arterial blood supply. This investigation 
will form the body of a separate communication. The 
fat around the base of the heart as well as the aorta and 
the pulmonary artery were next removed. Their weight 
was subtracted from the total weight of the heart. 
The consumption of oxygen ^ was calculated according 
to the wet weight per gram of auricle and ventricle. 

Only those experiments in which the following criteria 
were fulfilled were considered suitable for analysis: 

1. The preparation must have attained and held for at 
least half-an-hour a steady state in regard to cardiac 
output, arterial and venous pressures, and rate of con- 
sumption of oxygen. 

2. The respiratory quotient must have remained within 
reasonable limits; greater than 0.80 and less than 1.05. 

3. At least two pairs of estimations of the consump- 
tion of oxygen must have been obtained differing from 
each other by less than 7 per cent (the estimated error 
of measurement of oxygen was 3.5 per cent) so that 

3 Throughout the remainder of the paper consumption 
of oxygen is employed instead of the more exact phrase 
— consumption of oxygen per gram of heart per hour. 
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The %-alues for the consumption of oxygen by the heart arc plotted against the age of the animal 
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Fig. 3. 

Obscn-ations on the rate of contraction assumed naturally by each heart are plotted in relation to 
the age of the animal and the regression line drawn. 


there might be assurance that the system was in equi- 
librium. 

There arc, of course, in heart-lung preparations count- 
less variable factors beside the two (age of the animal 
2nd consumption of oxygen by the heart) which were 
the subject of this study. Many are known and can 
either be regulated or their effect calculated, but many 
fflore are unknown. To the unknown ones is due the 
unaccountable variability of metabolism from one animal 
to the next. It is obviously advantageous that variation 
jn the two factors under investigation be as great, and 
in all others as small, as possible. Attempt was made 
with reasonable success to eliminate variation in such 
factors as temperature, diastolic length of muscle fiber, 
cardiac output, venous and arterial pressure and com 
position of the blood in respect to concentration of ox>-- 
gen, carbon dioxide, sugar, lactic acid and hydrogen ions. 
The frequency of the heart beat naturally varietL To 
regulate it was found to be impracticable. The size of 
heart also varied due to the different ages of the 
animals. The influence of certain of these factors has 
been studied; their effect is described later. 

results 

The results are summarized briefly: 

1- The consumption of oxj’gen per gram of 


heart decreases tvith age (Figure 2). The crude 
coefficient of correlation was — 0.6002. 

2. The frequency of the heart beat decreases 
with age (Figure 3). 

3. The consumption of oxj-gen per gram of 
heart increases with rate (Figure 4). The coeffi- 
cient of correlation was -|- 0.4706. The sugges- 
tion emerges accordingly that part of the decrease 
in the consumption of oxygen with age ma}' be 
due to the decrease in the frequency of contrac- 
tion. What influence frequenej' of contraction 
exerts on consumption of oxj-gen at successive 
ages can be calculated, were all the hearts assumed 
to beat at the same rate. The relation (frequency 
of contraction and consumption of oxj-gen) is 
shown in the curve (Figure 4) and is expressed 
by the formula ; 

Consumption of o-x^-gen per gram of heart per 
hour= 0,187 number of contractions per min- 
ute -f- 2.23 (8). 

The influence of this relation wnth respect to age 
can now be taken into account by modifjdng the 
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Fig. 4. 

The rate of consumption of oxygen of each heart is plotted according to the 
frequency of contraction. The regression line is drawn in. The dotted line rep- 
resents the equation expressing the relation between frequency of contraction and 
consumption of oxygen obtained in a different manner (8). 


original results (Figure 2). The method of par- 
tial correlation (9) permits this calculation. The 
resulting coefficient of correlation is found to be 
— 0.5016. This figure, though less than the orig- 
inal one ( — 0.6002) is still significant in that the 
probability of the occurrence of this relation by 
chance is only one in a thousand. 

4. The size of the heart is related both to age 
and to the amount of oxygen consumed. Larger 
hearts use less oxygen per unit of weight than 
smaller ones (Figure 5), the coefficient of corre- 
lation being — 0.5421. Since adult hearts are 
larger than younger ones (Figure 6) a coefficient 
of correlation of -}- 0.5852 of age with size re- 
sults. It is obvious that as the heart increases in 
size with age (Figure 6), and since the rate of 
consumption of oxygen per unit of weight de- 
creases with increase in the weight of the heart 
(Figure 5), the apparent decrease in consumption 
of o.xygcn with age may, in part, be due to in- 
crease in size of the heart. Size of the heart and 
frequency of its beat both accordingly affect the 
consumption of o.xygen per unit of weight apart 



This diagram expresses the relation found between size 
of heart and consumption of oxygen per unit of weight. 
Dots indicate the individual observations ; the line, the 
regression equation. 








Fig. 6. 

Weights of hearts are charted as dots according to age. The curve was drawn 
in in the manner of Brody (Growth and development. III. Growth rates, their 
e\aIuation and significance, ilissouri Agric. Exper. Station. Research BulL 97, 
January 1927). 


from the effect of age. The effect of age alone 
therefore (on the consumption of o.xygen) dwin- 
dles; the partial correlation coefficient expressive 
of this fact (the relation bettveen age and con- 
sumption of oxygen) falls to — 0.3561. This 
figure is of doubtful significance, for the proba- 
bility of its expressing an accidental relationship 
is greater than one in twenty. 

But the curve of increase in size of heart with 
age is clearly not linear but logarithmic (Figure 
6). After ly^ years of age, little if any change 
in size of the heart occurs and exerts, conse- 
quently, little influence on the relation between 
oxygen and age. The coefficient of correlation 
between weight and age, for dogs above one year 
old, drops to an insignificant figure (-j- 0.2172), 
while that between weight and consumption of 
oxygen increases ( — 0.5904). If the process of 
calculating the partial correlation coefficient of 
age and oxygen, independent of the influences of 
weight of heart and frequency of contraction is 
repeated for the groups above one year of age, 
the coefficient is somewhat enhanced, rather than 
reduced, as it was in the whole group, by making 
allowances for the two additional variables. The 
coefficient is now — 0.6040 which is, according to 
Fisher (10), a highty significant figure. 


If corrections are made for the functions of 
size and frequency of contraction, a significant 
degree of correlation betiveen age and consump- 
tion of oxygen remains. Without these correc- 
tions a high degree of correlation exists and is 
expressive of the integrated beha\tior of the heart 
as a whole according to age, for those changes in 
frequenc>' and size which have been discounted 
are themselves likely to be intrinsically connected 
with changes in function with time both in the 
heart and in the whole animal. 

5. The amount of work to be performed by 
the hearts could be regulated, as is customary in 
these preparations, by arranging venous and ar- 
terial pressures. They were, in fact, so arranged 
that the correlation between age and work turned 
out to be insignificant, the coefficient being 
-}- 0.0918. In this manner work, although di- 
rectly related to consumption of oxygen, was 
shown to exert no greater influence on one age 
group than on another. 

6. When all the variables of which one can 
take account are considered, and their influence 
upon the consumption of oxygen is weighed in 
their relation to age, it appears that consumption 
of oxvgen by the heart decreases as that organ 
grows older. A considerable and unaccountable 
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variation still exists which, expressed in terms 
of the standard error of estimate, amounts to 
dr 0.5 cc. of oxygen per gram of heart. Its oc- 
currence may be taken as a simple and clear state- 
ment of the fact that additional variable quantities 
are operative of which no knowledge exists. 

These results suggest that decrease in frequency 
of beat and increase in size of the heart with age 
do not account altogether for the decrease with 
age which has been found in the rate of consump- 
tion of oxygen by that organ. Although in the 
intact animal all of these factors are operative, 
perhaps even to a greater degree than in the heart- 
lung preparation, there occurs in addition some 
change expressive of a more fundamental one in 
the heart with age. Whether the change involves 
substitution of muscle by some less active tissue, 
fat for example, or, some intrinsic change or 
changes in composition of the muscle fibers, is a 
question which remains unanswered. Evidence 
that changes of both sorts occur, exists, but to 
find it has naturally not formed part of this in- 
vestigation. 

CONCLUSION 

Decrease in the consumption of oxygen with 
age was observed in heart-lung preparations made 
in pure-bred female wire-haired fox terriers of 
known age living under similar, environmental 
conditions and having been given similar food. 
Those variable factors in the life of the prepara- 
tion which could be arranged were controlled ; the 
effects of those which were uncontrollable were 
calculated. The degree of relationship between 
age and consumption of oxygen per unit of weight 
of heart was considerably less when account was 
taken of certain functions found to be related to 
both (age and oxygen consumption) but was still 
significant. 

The evidence suggests that, although rate of 
contraction, size, and, in intact animals, the 
amount of work done, play a part’ in the decrease 


of metabolism with age, there is in addition a 
change in structure of the heart or in its com- 
position with age which leads to reduction in the 
amount of oxygen consumed by each unit of its 
weight. 

A technical observation is believed to be of suf- 
ficient importance to deserve mention in the con- 
clusion. When the lungs are exposed to ether 
even for brief periods, they are likely to become 
edematous — ^but apparently not otherwise. 
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Tiic work presented here was undertaken pri- 
marily for the purpose of ascertaining the effect 
of the ingestion of moderate amounts of potas- 
sium on the sodium balance of normal individuals 
and patients with Bright's disease. It was felt 
that such information would be of particular sig- 
nificance in appraising the efficiency of potassium 
salts as diuretics in the treatment of nephritic 
edema. Potassium chloride was selected as the 
means of administering the potassium in order to 
avoid the alkaline or cathartic effects of other po- 
tassium salts. 

Incidentally, the experiments in supplying com- 
plete data on sodium and potassium balances and 
weight changes proride an opportunitj' for cor- 
relating sodium and potassium balances with the 
water balance of the body. 


sium chloride administration in a normal subject caused 
a slight increase in total base excretion, probably due to 
increased urinary sodium, but no definite diuretic effect. 
They felt the observed changes in excretion were the 
result of changes in the urinary pH which resulted from 
the difference in the rate of excretion of potassium and 
chloride, and that the observed changes were not pro- 
duced by a specific potassium ion effect. On the other 
hand, Richards, Godden and Husband (11) and Bassett, 
Elden and McCann (12) fenmd that the addition of 
potassium citrate to the diet of a normal subject did not 
cause a negative sodium balance but did have a diuretic 
action. 

In experiments on a nephritic patient Loeb et aL (10) 
obtained results similar to those observed in their normal 
subject. However, Bassett, Elden and McCann (12) 
found in contradistinction to their results on a normal 
subject that large doses of potassium citrate to a nephrit- 
ic patient caused a diuresis and negative sodium and 
chloride balances. 

Many qualitative studies have been reported on the 


LITERATUaE 

In 1873 Bunge (1) in well controlled experiments 
showed that the ingestion of 387 milliequivalents of po- 
tassium as phosphate, citrate, or chloride (which as KQ 
is 282 grams) during a single day resulted in an increase 
in urinarv' sodium and chloride. From this he concluded 
that the ingestion of potassium salts caused withdrawal 
of sodium and chloride from the body. He left un- 
answered the question whether the continued intake of 
potassium would cause a continued withdrawal, especially 
under the condition of low sodium intake. In 1896 
Pugliese (2) attempted to answer this very question by 
experiments on dogs. Some experiments showed an 
augmentation of sodium excretion after the ingestion of 
a potassium salt, while others failed to do so. Though 
his results were inconclusive he felt that potassium 
chloride acted as a diuretic. In 1911 Hart, McGallum, 
Steenbock and Humphrey (3) conclude that the 
amounts of potassium in the feed of herbivora did not 
affect their retention of sodium and chloride or influence 
their sodium chloride consumption. 

Subsequent work has added to this conflicting evidence. 
Meyer and Qihn (4), Gerard (5, 6, 7), and Wiley, Wiley 
and Waller (8) found that potassium administration to 
normal human subjects or animals caused a negative so- 
dium balance. Miller’s (9) experiments provided con- 
flicting evidence. Loeb et al. (10) observed that potas- 


differential effect of sodium and potassium ingestion on 
water balance, Blum (13, 14) in 1909 and 1920, in 
studying the edemas of diabetics, observed that the giv- 
ing of NaHCOj caused increase in weight, suppression of 
urine, and dimim’shed chloride excretion, while the giving 
of KHCOi had exactly the opposite effect. Meyer and 
Gihn (4) showed the same striking contrasts in infants 
following sodium and potassium ingestion where there 
was no limitation to the fluid intake. Schloss (15), Vdl 
(16), Labbe and Voille (17), and Kempmann and Men- 
schel (18) have reported similar findings. 

The work of Gamble, Ross, and Tisdall (19) demon- 
strated the approximate constani^- of the osmotic con- 
centrations of the body fluids, and established a relation- 
ship between base and water balances. This led them to 
differentiate between the loss of extracellular water and 
intracellular water by the sodium, potassium and nitrogen 
content of the urine. Peters and Van Slj-ke (20) have 
summarized the findings of Gamble and coworkers by 
the following two formulae: 

= liters of extracellular water lost, 

= h'tcrs of cellular water lost, 

112 

where Na and K represent milliequivalents excreted in 
excess of intake. Blumgart and his collaborators (21), 
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Fig. 1. Daily Balances, Experiment I, Normal Subject “ B ' 


using this method of differentiating extracellular from 
intracellular water, have shown that approximately 
ninety per cent of the fluid lost from the body following 
the administration of mercurial and xanthine diuretics 
represents a loss of extracellular body fluids. 

Recently Lavictes, D’Esopo and Harrison (22) have 
called attention to the discrepancies caused by^ fluctua- 
tions in the base concentration of body fluids in water 
balance calculated from base balances. They also showed 
that over short intervals <jf time estimated water balances 
from sodium or chloride balances agreed closely with the 
actual changes in weight in normal and nephritic subjects. 
Their data thus indicate that such weight changes over 
short intcrv'als of time represent loss or retention of ex- 
tracellular fluid and confirm the findings of the investi- 
gators already mentioned (10, 12, 21). 

Though the more recent papers referred to above (10, 


11, 12, 21, 22) have appeared since our experiments were 
completed, our results are reported briefly because the 
slightly different experimental conditions provide addi- 
tional information in a field of investigation where quan- 
titative data are accumulated only at the expense of 
much time and labor. 

outline of experiment 

Two healthy young adult males. Subjects M and B, 
served as normal subjects. Both were up and about 
carrying on their usual ward and laboratory^ routine 
during the course of the experiraent.i Each subject was 

1 Subject “ B ” contracted a severe cold on the thir- 
teenth day of Experiment I. The last six days of this 
experiment, therefore, cannot be considered as on a nor- 
mal subject. 
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Fig. 2 Daily Cumulative Rexektioxs, Experiments I and II with Normal Subjects 
M.eq. of base X 4 = m-eq. of nitrogen. 


given a constant weighed and analyzed diet for a fore- 
period of six days and throughout the experiment. The 
diet consisted in each case of two different daily diets 
which were alternated during the experimental period. 
Each diet was given for two consecutive days followed 
by the other diet for the next two days and so on, alter- 
nating every two days.- The meals were prepared Md 
served with as great accuracy as is possible in handling 
foodstuffs. Water was allowed as desired, the volume 
taken being recorded. At three different times during the 

= In Experiment III the two.different daily diets were 
given on alternate days. 


experiments a duplicate of each of the diets was pre- 
pared. The three meals for the day reached the labora- 
tory on dishes similar to those used for serving, and the 
food was removed from them with the same implements. 
Three duplicates of each diet were analj-zed and gave 
the mineral intake data for the experiments. Our method 
of preparing the diets for analysis has been described 
(23). 

The twenty-four hour urine specimens were collected 
without any preservative, the specimens being kept in 
an ice-box until the end of the period. The pH, ammo- 
nia, and titratable acidity were determined daily. 

Stool specimens were collected over 48-honr periods. 
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Fig. 3. Urinary Excretion of Basic and Acid 
Radicles. Experiment I 


These were marked off with carmine. During the first 
two daj'S of the experiment carmine (0.2 gram) was 
taken with every meal, thus coloring the entire stool 
specimen of the period. This was repeated during each 
alternate 48-hour period. The preparation of the stool 
specimens for analysis has been described (23). 

The rate of urinary excretion of each of the acid and 
basic radicles and of nitrogen was likewise determined 
before, during, and after periods in which potassium 
chloride was administered. 

The analytical methods are described in Peters and 
Van Slyke (23) as follows: for urine pH, page 792; ti- 
tratable acidity, p. 83S; ammonia, p. 547; chloride, p. 833; 


inorganic sulfate, p. 893; inorganic phosphate, p. 858; cal- 
cium, p. 425; magnesium, p. 779 and sodium and potas- 
sium, p. 727. For diets and feces the analytical methods 
are also given in Peters and Van Slyke; calcium, p. 766; 
magnesium, p. 784 and sodium and potassium, p. 730. 
All nitrogen determinations were carried out by the 
usual Arnold-Gunning Kjeldahl procedure. 

RESULTS 

The daily balance data are presented graphically. 
The ordinates of the balance graphs, Figures 1, 
4, 6, and 9, represent milliequivalents of the base 
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4 8 IZ K EO 24 4 8 12 ]6 20 24 


DAYS DAYS 

Fig. 4. Daily Bala.yces, Expiiumext II, No!’ii.'U. Subject “ M ” 


and nitrogen ingested or excreted each day of the 
experiment. Curves are given showing the daily 
intake and total output. Also curves showng the 
division of the total output between urinary and 
fecal excretions are given. On days that blood 
samples were withdrawn, the difference betn een 
the total output and the sum of urinary' and fecal 
excretions represents the loss of material from the 
body in the blood sample removed. Examination 
of the intake curv'e of each element will show the 
nature of the diet as regards it, how much of each 
element was included in the basal diet, and the 
periods over which added salts were given, to- 
gether with the amount of base added. All added 
sodium and potassium were given in the form of 
chlorides. 


The retention graphs. Figures 2 and 7, present 
the cumulative retention of sodium, potassium, 
and nitrogen compared to the weight change. 
The ordinate scales for weight and base retention, 
respectively, are so arranged as to make 150 m.eq. 
of base correspond with a weight change of one 
kilo. In order to plot nitrogen retention values 
conveniently on the same graph a different scale 
for m’trogen and base had to be used. The note 
at the bottom of each graph indicates the multiple 
of the base scale that gives milliequi\'alents of 
nitrogen. The sums of the sodium and potassium 
retentions are also plotted and are designated on 
the graphs by the letter B. 

The ordinates of the graphs depicting the uri- 
nary excretion of acid and basic radicles. Figures 
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3, 5, S, 10, represent milliequivalents of individual 
and total cations and anions in 24-hour urine speci- 
mens. The sum of the total cations and sum of 
the total anions of the urine have been plotted 
in order to compare the positive and negative 
equivalents. 

The balances of the acid radicles could not be 
included in the metabolism graphs as our methods 
of analyses of feces and food interfered with the 
determination of many such radicles. Further- 
more, the metabolic formation of acids (e.g. of 
sulphuric and phosphoric acids from organic com- 
pounds of S and P) renders difficult any attempt 
to balance total anion intake and output. 


Experiment I. Normal Subject B. Weight 68 kgm. 

(Figures 1, 2, 3. Tables I, II.) 

The subject during a six-day fore-period and eighteen- 
day experimental period was on a diet moderately high in 
sodium. The daily basal diet contained an average of 
202 m.cq. of sodium (equivalent to 11.7 grams of NaCl). 
Of this total amount of sodium 68.4 m.eq. per day were 
derived from the addition of 4 grams of sodium chloride 
to the food. During Period II, 67 m.eq. of potassium, as 
S grams of potassium chloride, were added to the basal 
diet of Periods I and III.^ 

Table I summarizes the balance data per period. 

Table II summarizes per period the per cent of intake 


^ See footnote 1, p. 924. 
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Fig. 6. Daily Balances, Experiment III, Is'ephpxitic Patient 


excreted in the urine and feces "* and the daily fecal ex* 
cretion. 

Experiment II. Normal Subfeel M. Weight 70 kgm. 

(.Figures 2, 4, 5. Tables HI, IE ' .) 

The subject was on a moderately low sodium diet of 
29 to 42 m.eq. of sodium per day, equivalent to 1.68 to 
2,43 grams of NaCl. During Period II, 67 m.eq. of 
potassium, as 5 grams of KCl, were added per day to 
the basal diet of Periods I and III. In Period IV, 68.4 
m.eq. of sodium, as 4 grams of NaCl, were added per 
day to the basal diet. 


■* We wish to call attention to the fact that the fecal 
excretion does not necessarily represent the unabsorbed 
portion of the ingested substance. 


Experiment III. Subject K, with nephrosis.^ (Figures 
6, 7, 8. Tables V. VI, VII.} 

The subject, previous to the experiment, had been on 
a low salt diet to combat edema. He was nineteen years 
of age and when edema-free weighed approximately 59 
kilos. He had at this time a urea clearance of 42 per 
cent of normal and a blood pressure of 130/80 mm. Hg. 
His serum proteins were 4J7 grams per cent, the albumin 
being 1.6 gram per cent. During an eight-day fore- 
period and the first three experimental periods of right 
days each, the patient took 68.4 m.eq. (4 grams) of so- 
dium chloride per day in addition to the 332 m.eq. of 
sodium in the diet, making the total daily sodium intalic 
102 m.eq. (equivalent to 5.9 grams of NaQ). In Period 


summarj- of the case history has been given by 
Van Slyke et ah (see Case 65 (24)). 
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Fig. 7. Daily Cumulative Retentions, Expekiments III and IV 
Experiment III, m.eq. base X Z~ m.eq. of nitrogen. 
Experiment IV, m.eq. base X 4 = m.eq. of nitrogen. 


II, 134 m.eq. (10 grams) of potassium chloride were 
added to the diet and salt of Period I. Period III was 
similar to Period I. During the fourth period the basal 
diet without the added sodium chloride was taken. 

Table VII shows the changes in the edema of this pa- 
tient during the experimental period. 

Experiment IV. Subject L, ivilh terminal chronic hem- 
orrhagic nephritis.^ (Figures 9, 7, 10. Tables VIII, 
IX.) 

The subject was 30 years of age, and weighed 57 
kilos. His urea clearance was reduced to 12 per cent 
of normal. His scrum proteins were 5.0 grams per cent, 
the albumin being 2.5 grams per cent. He had moderate 
edema of his ankles. His blood pressure was 150/95. 

During Period I the patient was given a low sodium 
diet averaging 28 m.eq. of sodium or the sodium equiv- 


•'A summary of the case historj- has been given by 
Van Slyke ct al. (see Disc 29 (24)). 


alent of 1.6 gram of NaCl per day. During Peric 
KCl was added to the basic diet. On the first da 
m.eq. as 10 grams of KCl were added. This amou 
suited in such gastro-intestinal distress that the dos 
reduced by half throughout the rest of the period, 
riod III was the same as Period I. In Period IV 
m.eq. of sodium, as 4 grams of NaCl, were add 
the basal diet. 

DISCUSSION 

l.y E.x'cretion of the added potassium chlori 

In Experiment I (a normal subject on a lil 
salt intake), the potassium from the 5 gram 
potassium chloride ingested per day during 
riod II was excreted promptly. A negative p( 
sium balance occurred both on the first da; 
potassium chloride ingestion (Figure 1) and 
the entire potassium chloride period (Table I) 
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Fig 8-0. Urixary Exceetiox of Basic Radicles and Sum of 
Acid and Basic Radicles, Experiment III 


In Experiment II (a normal subject on a lim- 
ited salt intake), the added potassium was not 
excreted promptly. A negative potassium bal- 
ance did not occur until the third day of potassium 
chloride ingestion (Figure 4), and there was a 
positive potassium balance over the entire potas 
sium chloride period (Table III)- 

In Experiment III (a patient with degenerative 
Bright’s disease) , the ingestion of 10 grams o po 
tassium chloride per day resulted in relatively li We 
potassium retention. By the second day of en 


II the potassium excretion almost equalled the 
intake and on the fourth day there was a negative 
potassium balance (Figure 6). Over the entire 
potassium chloride period there was a positive po- 
tassium balance of 11.8 m.eq. (Table V)- 

In Experiment IV (a patient with terminal 
hemorrhagic nephritis), the marked delay in ex- 
creting the added potassium reflected the patient’s 
diminished kidney function. Not till the sixth 
day of Period II did the potassium excretion 
reach the intake (Figure 9), and over the eight 
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Fig. 8 - b . Urinary Excretion of Acid Radicles, Experiment III 


days of the period there was a retention of 28.4 
m.eq. of potassium (Table VIII). This delay in 
excretion and the degree of potassium retention 
(Figure 7) is in marked contrast to the behavior 
observed in Experiment III. 

2. The effect of potassium chloride ingestion on 
the sodium balance 

(a) Normal subjects — Experiments I and II 
Because of the failure to establish a constant 
level of sodium metabolism in Period I, Experi- 
ment I, the effect of KCl on the sodium balance 


is not clear cut in Figure 1 and Table 1. Never- 
theless, it can be seen that the immediate effect of 
KCl ingestion was an increase in urinary sodium 
excretion to such an extent as to produce a marked 
negative sodium balance for the first two days 
of the KCl period (Figure 1). During the re- 
maining four days of this period, however, sodium 
was retained. The retention of the last two days 
of the period was sufficient to compensate for the 
loss during the first two days, so that the average 
daily balance for Period II (Table I) was similar 
to that of Period I. 



SODIUM AND POTASSIUM METABOLISM 


» 


j n 

i 

1- 

U 

-JJ 



-1 

1 


i 



J 

1_ 


! 



J 

1 


i 


u. 

1 

f 


1 U 


i 

1 


iJ 

! 1 

: 


.JJJ 

_iJ. 




■■■Ml— —■■■I 


l i— — ■ ! 

iBHlIMIMlIlllHj 



4 8 12 1& ZO Z4 

DAYS 


4 8 12 16 20 24 

DAYS 


Fig. 9. Dailv Balakces, Experiment IV. Tesminai. Nephritic Patient 


In contrast to Experiment I the subject in Ex- 
periment II attained approximate sodium equi- 
librium during Period I (Figure 4 and Table III). 
The ingestion of potassium chloride in Period II, 
Experiment II, was not accompanied by an imme- 
diate increase in urinary sodium excretion (Figure 
4). However, on the third and fourth days of 
this period there was a definite increase in unnary 
sodium. The increased excretion was limited to 
these hvo days and, even during this time, the 
total sodium excretion did not exceed the sodium 
intake. The withdrawal of a 100 cc. blood sample 
was a factor in the negative sodium bailee on 
the last day of the period. Column I, Table lU, 
shows an average daily sodium balance of -|- 


m.eq. for Period II, which is but slightly lower 
than that of Period I. 

Thus in neither of the experiments on normal 
subjects did the ingestion of potassium chloride 
appreciably increase the sodium excretion over the 
entire period of potassium administration. 

The detailed differences in the metabolic re- 
sponse in the two experiments furnish an example 
of the necessity of considering the previous dietary 
history and metabolic state of the body when in- 
terpreting clinical tests or studies on mineral and 
water metabolism (25). 

In spite of differences in the preparation of the 
two normal subjects, the increase in the urinaiy 
sodium that followed the feeding of potassium 
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chloride coincided in both with the establishment 
of the first negative potassium balance (Figures 
1 and 4). 

In Experiment II, the ingestion of the potas- 
sium chloride apparently affected the manner of 
sodium excretion more than the sodium balance, 
for the decrease in fecal sodium (Table IV) al- 
most equalled the increase in urinary sodium. 
The total sodium excretion for Period II, Experi- 
ment II, was 90 per cent of that of' Period I, 
while the urinary and fecal sodiums were respec- 
tively 140 and 44 per cent of the respective sodium 
excretion of Period I. Possibly fecal sodium in 
Period I was high. But using Period III as a 
check, we find the fecal sodium of Period II 
diminished by 40 per cent. 

(i>) Nephritic subjects — Experiments III and IV 

The data of Figure 6, Experiment III, show 
that this patient with degenerative Bright’s dis- 


~ The reduction of total sodium excretion simultaneous 
to a lesser positive sodium balance is made possible by 
a slightly lower sodium intake in Period II than in Pe- 
riod I due to the alternating diets. 


ease had established an approximately stable level 
of sodium and potassium balance during Period I. 
Since the positive sodium balance over Period II 
was slightly in excess of that of Period I (Table 
V), the mgestiofi of potassium chloride had no 
appreciable effect on the sodium retention and de- 
velopment of edema in the patient with nephrosis. 
However, as in Experiments I and II, there was 
an increase in urinary sodium coincident to the 
establishment of the first negative potassium bal- 
ance after the addition of potassium chloride 
(Figure 6). 

The restriction of sodium chloride intake in 
Period IV resulted in a negative sodium balance 
and loss of weight, and thus was more effective in 
reducing edema than the administration of 10 
grams of potassium chloride per day. 

The data of Figure 9 and Table VIII (Experi- 
ment IV) show that this nephritic patient with 
terminal hemorrhagic nephritis had a marked loss 
of sodium during Period I when no KCl was 
given. This occurred over a period when there 
was no nausea, and probably reflects the limited 
ability that patients with markedly reduced func- 
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tioning renal tissue have to limit sodium and chlo- 
ride excretion when the salt intake is low, even 
though the serum sodium and chloride concentra- 
tions are below normal levels (26). Coincident 
with this negative sodium balance there was a 
marked loss of weight (Figure 7, Experiment IV) 
3nd a loss of edema. 

The Subsequent ingestion of the potassium chlo- 
ride by this patient resulted in no increase in 
urinary sodium. Indeed, from the retention 
graph (Figure 7), it would seem as though the 
retention of potassium chloride had been accom- 
panied by a retention of sodium. Though the 
daily dosg o£ potassium chloride was small (5 
grams), it rvas probably as large a dose as could 
safely be administered to this patient. We have. 


therefore, in this experiment, as in Experiment 
III, evidence that potassium chloride administra- 
tion is of less therapeutic value in treating edema 
than is sodium chloride restriction. 

3. Correlation bchveen base retention and ’oceight 
changes 

Analyses of serum base, sodium, and potassium 
in Experiments I and II, already published (27), 
showed variations from period to period hardly 

TABLE m 


Table of balances — Experiment II, normal Subject " M” 


Period 

Average babnee per day 

So- 

diua 

Potas- 

aico 

Cal- 

dum 

Mag- 

nesium 

fTItro- 

gen 

Xltro- 

eea 

I* 

II* 

Ill *.... 
IV**.... 

F 7.S4 
6.25 
F14.47 
F18.57 

n.fj. 

- 4.50 
F 5.83 

- 9.53 
-10.25 

rzes. 

F1.83 

F0.75 

F1.55 

F0.22 

T-.-tg. 

-0.58 

F1.I8 

FI.07 

FS.98 

m.Ji. 

-57.80 
F 9.00 
F87.00 
-36.20 

erar-x 

-0.81 

F0.13 

FI.22 

-0.51 

Total e.x- 
periment 

F11.08 

- 4.1 

-MJ3 

FI.54 

F 3.82 

F0.05 


* Six day period. 

•* Four days instead of six. 


TABLE IT 

Relative excretion of ingested base and nitrogen in urine 
and feces. Experiment II, normal Subject " M,” 

70 kilos 




Pefiod 

Perrod 

; Bsriod 

! Perbd 

: Axtr- 



I 

n 

m 

IT- 

age 

Sodba.... 

Total fctaire per day. T>jtq, 

33 

33 

3S 

m 

49 

Per cent cf btab; b enre 

37 

5S 

29 

to 

45 


Per ccat ofbtaiie b feces 

40 

19 

29 

12 

26 


Fecal excretion per day. 

15 

6.4 

11 

12 

11 


rueij. 






Pobsuna.. 

To (,1 ctsie per dt r. njy. 

79 

145 

79 

79 

97 
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79 

S3 

S7 

93 

S5 


Per cent cf btais b feces 

25 

13 

24 

13 

20 


Fecal excTtdoa p«r day, 

21 

IS 

19 

14 

IS 








Cafcjum.. .. 

Total btafce per day. 

34 1 

32 

Zi 

33 

33 

Percentofbtaiebcrbe I 

23 j 

30 

27 

30 

2S 


Per cent of btaSre b feces 

72 

6S 

CO 

CO 

70 


Fecal eicretioa per day. 

24 


23 

123 

I 23 


1 Tritll. 






lUsrrriCT. 

! Tolsl htaie per ds7. f-ri. 

37 

35 

[37 

37 

37 

Per cest of fatsie B crire 

49 

4S 

i 51 

45 

49 


Per cent of btaSa b feces 

54 

49 

45 

33 

4S 


Fecal excretion per day. 

20 

18 

17 

14 

15 


VUPl- 






NitfOtS!. . . 

Ictaieperday.rs'^J 

Per cent oFbtalce b feces 

15.7 

IIJ) 

15.4 

lOJ) 

15.7 

ILO 

15-5 

93 

15.5 

IOjO 


Fecal excretion per day. 

1.S2 

L54 

1.55 

1.44 

isi 


G^tKiisxro 

L£3 

L54 

1.63 1 

1-44 

t,a 


a Eoj 




* Four days instead of six. 
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TABLE V 

Table of balances. Experiment III, nephrotic 
Patient “ K” 


Period 


Average daily baiance 



So- 

dium 

Potas- 

sium 

Cal- 

cium 

Mag- 

nesium 

Nitro- 

gen 

Nitro- 

gen 


m.eq. 

m.eq. 

m.eq. 

tn.eq. 

nj.cg. 

grams 

I 

4-44.20 

- 2.42 

4-0.19 

-3.14 

4-73.4 


II 

4-47.10 

4-11.80 

-4.34 

-8.78 

4-57.5 

4-0.80 

Ill ♦. . . . 

4-60.80 

- 5.61 

4-4.14 

4-1.23 

4-93.8 

4-1.31 

IV **.... 

- 7.14 

- 6.53 

-2.53 

4-4.30 

4-37.7 

4-0.53 

Total .... 

4-38.40 

- 0.66 

-0.43 

-1.69 

4-67.4 

4-0.94 


* 9 days instead of 8. 
** 7 days instead of 8. 


greater than the experimental errors of the 
methods. It, therefore, appears probable that 
changes in concentration of extracellular body 
fluids did not account for any important part of 
the sodium and potassium retentions and losses 
in Experiments I and II. 

During the first eleven days of Experiment I 
there was a close correlation between the sum of 
sodium and potassium retentions and weight 
changes corresponding to the ratio of 150 milli- 
equivalents of base per kilo weight change (Fig- 
ure 2). The data indicate an approximate con- 
stancy of base concentration in the body fluids 
and a major part of the weight changes to be due 
to changes in extracellular body fluid volume. 

Over the last seven days of Experiment I (Fig- 
ure 2) the correlation between base retention and 
weight change ceased, base retention occurring 
without an equivalent weight increase. This be- 
havior exemplifies the result of an acute upper 
respiratory infection. The subject developed a 
severe cold on the thirteenth day of the experi- 
ment. On the fourteenth day he had a sore throat 
and on the fifteenth day went to bed with a fever. 


TABLE VI 

Relative excretion of ingested base and nitrogen in urine 
and feces. Experiment III, nephrotic Patient " K," 

59 kilos 




Period 

I 

Period 

II 

Period 

III 

Period 

IV 

Aver- 

age 

Sodiuta. . . . 

Totai intake per dav. w.w. 

102 

102 

102 

33 

87 


Per cent of intake in urine 

45 

42 

27 

57 



Per cent of intake in feces 

11 

12 

13 

64 



Fecai excretion per day, 
m.eq. 

12 

12 

13 

i 

21 

14 


Totai intake per dav. m.ea. 

70 

204 

70 

69 

103 


Per cent of intake in urine 

94 

87 

96 

91 

92 


Per cent of intake in feces 

9.2 

7.4 

12.0 

18 

11 


Fecal excretion per day, 
m.eq. 

6.4 

15.0 

8.1 

12 

10 

Caicium,. . . 

Totai intake per day. m.eq. 

23 

23 

23 

23 

23 


Per cent of intake in urine 

21 

7.4 

3.8 

9.2 

10 


Per cent of intake in feces 

78 

112 

78 

96 

91 


Fecal excretion per day, 
m.eq. 

18 

26 

18 

22 

21 

Magnesium. 

Total intake per dav. m.ea. 

20 

20 

20 

19 

20 


Per cent of intake in urine 

22 

14 

14 

22 

18 


Per cent of intake in feces 

94 

130 

80 

56 

91 


Fecal excretion per day, 
m.eq. 

18 

26 

16 

11 

18 

Nitrogen. . . 

Intake per day, gromt 

i 9.44 

9.44 

9.42 

9.60 

9.44 


Per cent of intake in feces 

18.00 

22.00 

19.00 

20.00 

20.00 


Fecal excretion per day. 
grams 

1.69 

2.09 

1.77 

1.89 

1.85 


Grams fecal N X 70 
Weight in kilos 

2.01 

2.48 

2.10 

2.24 

2.20 


This event gave an unexpected opportunity for 
observing the inorganic metabolism during the 
onset of such an infection. The retention of base 
over this period was not accompanied by a parallel 
increase in weight, apparently because an increase 
in sodium retention occurred without a corre- 
sponding increase in extracellular fluid. The re- 
tention of sodium was similar to that of chloride 
reported by Sunderman (28) and of fixed base 
by Austin and Sunderman (29) in studies on 
pneumonia patients receiving a liberal sodium 
chloride intake. 

During Period I of Experiment II the retention 
data (Figure 2) show a correlation between the 
sum of the potassium and sodium retentions and 
weight change. During the KQ period, i.e. Pe- 


TABLE VII 

Characterization of edema of nephrotic Patient, "K," Experiment III 


Period • 

Arms 

Face 

1 

Legs 

Scrotum 

Back 

Thorax 

Abdomen 


0 

1 

4- 

+ + 

0 


zb 


i 

+ 

4-4- 

-b -1-4-4- 

U- 

1 


-b-b 

+ + 

-b-b-b-b 

4- 4- 4- 4- 4- 

11 

-b-f 

4-4-4- 

+ + + + + 

4-4- 


4-4-4- 

ni 

"i* -f- *4" 

-b-f-b-f- 

-b-b-b-b-b-b 

4-4-4- 


-b-b-b 

IV 

4-4- 

-b4--b-b 

4-4-b4--b 

4-4- 


+ + 

-b-b4--b 


Characterization at end of each period given. 
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1 ..'0 
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n 



-0.65 

4.2.90 

4-S3.5 

4-1.20 

in*.,.. 


-17.00 

-0.00 

4-0.12 

4-95.4 

4-1.34 

IV 

■i-M.fy 

- 2.76 

-5.56 

-1.24 

4-24.2 

4-0.34 

Tot.il 

-fla.O 

4- 7.5S 

-2.54 

4-1.94 

4-63.6 

4-0.75 


* 5 days instMd of 5?. 


TAn.r. IX 

Rehlhr fxcrflicn cf innesttd Isse crj r.ilrofjcr. in urine 
c»:c feces. Ilxf-erirr.er.t IV, r.efhritic Patient " L" 

5T kilos 


1 


Vtriyi 

1 

Pfri:^ 

II 

Perifod 

in 

PcHod 

IV 

Avtr. 

a;e 

Se*=.... 

7oUU*lilf r**? d%T, 

IVf efr.t ef if.iiVp la 

Tfr cf la frrej 

Ffeil firretioa p*- dar, 

r*? 

I TO 

i:.o 

3J 

:s 

:t 

19.0 

5.4 

31 

31 

16.0 

4A 

93 

23 

6A 

6.4 

42 

57 

IIJ) 

4A 

Potaaisa., 

ToUl latjiip pi-» j-, 

Tf? cetrtofianif iacrise 
JVr err*t ef latike la ffees 
Fecal cia?tt3aa day. 

n^. 

n 

79 

11 

E.T 

137 

67 

15 

El 

110 

11 

9A 

El 

33 

IS 

12 

KMA 

79 

13 

14 

Cilcitna.. , . 

Total latalte per day, n-ey, 
Per ccat of lat aVe :a cHac 
Per eeat of latale la feca 
Fecal exrretSea per day. 

21 

7A 

IS 

21 

SA 

5S 

21 

21 

6.6 

136 

29 

21 

9.S 

HO 

20 

21 

7J> 

100 

23 

Kitreita... 

Total intake per day, n.e;. 
Per cent of intake la urine 
Per eeat of intake In feces 
Fecal etcretioa per day, 

ES 

31.0 

37.0 
3J 

SJ& 

26.0 

40.0 

3.5 

1 

I 2S.0 

1 70.0 
: 6-1 

8.7 

33.0 

51.0 

7.0 

SS 

200 

53.0 

4.6 

Intake per day, {TS’"'* 

Per cent of f nt^du la feces 
Fecal excretion per day, 
fxn# 

Grans fecal K X 70 
Wdsht in kilos 

8.6 

15.0 

U 

1.60 

E.5 

17.0 

lA 

1.E4 

S.7 

IS.O 

1.5 

1.95 

8.7 
19.0 

1.7 

2.00 

8.6 

17.0 

1.5 

IM 


riod II, the increase in weight was greater than 
could be accounted for by the retention of base 
with a concentration of 150 milliequivalents per 
|iter of body fluid. In the absence of a decrease 
in plasma sodium and potassium (2/ ) , this lack of 
correlation between base ar^ -^'Ud retentions may 
have been due to a dilution'^- intracellular base. 
During Period III there was a decrease in weight 
without a corresponding decrease in base. The 
excess loss in weight over base in Period III ap- 
proximately equalled the excess increase in weight 
over base retention in Period II. In Period IV 


the retention of sodium and increase in weight 
showed a correlation indicative of extracellular 
fluid retention. 

The retention data of Experiment III (Figure 
7) show a close correlation between base reten- 
tion and weight changes on the basis of 150 milli- 
equivalcnts of base per lifer of body fluid. Since 
the sodium and base retentions were very nearly 
the same, except over Period II, and since the 
correlation beriveen sodium retentions and weight 
changes was as good as that between base reten- 
tion and weight change, the data indicate that the 
weight changes in this experiment are due to 
extracellular fluid changes, unless there has been a 
change in the permeabilitj' of cell membranes to 
sodium (30, 31). 

The retention data of Experiment IV (Figure 
7) show some correlation between sodium reten- 
tion and weight change, but no such clear correla- 
tion as shown in Experiment III. There is no 
clear relation behveen potassium retention and 
weight change. Nor is there any discernible re- 
lation beriveen the retention of sodium plus potas- 
sium and weight change that explains the discrep- 
andes between base retention and water balance. 
Since we did not have plasma base analyses on this 
patient we cannot consider the effects of changing 
plasma base concentrations on the water balance. 
The balance data, however, would suggest plasma 
concentration changes, and support the known 
fact that such patients are tmable to maintain 
normal base concentrations. 

4. Urinary excretion of acids and bases 

The approximate constancy of the urinary am- 
monia and bicarbonate in Experiments I, II, and 
III indicate that the KQ caused little if any dis- 
turbance of the add-base equilibrium such as has 
been reported by others ( 10) . In Experiment IV 
the relatively constant urinary' bicarbonate,® pH, 
and ammonia is not necessarily an index of little 
disturbance in add-base balance inasmuch as it 
may reflect the inability of the kidneys to alter 
the concentrations of these urinary constituents 
to any great extent. 

The sum of the total cations and sum of the 

s The pH of these urines varied from 5J to 5.4 and at 
this aridity the bicarbonate was so low that it has been 
omitted from Figure 10. 




STUDIES ON THE ANEMIA OF PELLAGRA 
By TOM D. SPIES and A. B. CHINN 

(Erm the H, K. Cushing Lahoralory of Exferitnenlol Medicine, Department of Medicine, 
U'estem Reser-.-e University, and the Medical Service, Lakeside Hospital, Cleveland) 

(Received for publication June 28, 1935) 


Extensive ?tuciic5 limited to tlic anemia of 
endemic pellagra ■were made in 1923 by Huck 
(I) and in 19.33 by Turner (2). These inves- 
tigators observed that anemia did not occur fre- 
quently in this ty|>c of pellagra, but, if present, 
U71S usually of a mild degree with a low color 
index and microcytosis; macrocytosis was not 
noted. 

The pellagra occurring in the northern part 
of the United States has been termed “ pseudo- 
pellagra,” "alcoholic pellagra” or "pseudo-al- 
coholic pellagra " (3, 4, 5, 6) in contrast to the 
endemic type found in the southern part of the 
United States. Spies and DeWolf (7), however, 
showed that alcoholic and endemic pellagra are 
similar. The essential diftcrcncc between the two 
t}’pes is that in " alcoholic pellagra ” the patient 
loses the desire for food and lives almost exclu- 
sively from the calorics in the ingested alcohol. 
In endemic pellagra, on the other hand, the patient 
receives a diet which is more complete but still 
deficient in some necessarj’ nutritional constituents. 
They recognized, moreover, that “ alcoholic pel- 
lagra ” is in genera! more acute and more often 
fatal; this may be due to the fact that it follows 
almost complete abstinence from food. 

Since so few determinations of blood values had 
been made on individuals who developed pellagra 
secondary to alcoholism, it seemed worth while to 
make the following hematological studies. 

METHODS 

Red and white blood cell counts, hemoglobin 
determinations, and estimations of mean corpuscu- 
lar volume were performed tivice a week or 
oftener, if indicated, on each of 30 consecutive 
cases of severe pellagra admitted to the L^cside 
Hospital for treatment. While from 10 to 
hematological studies were made by the authors 
on each of the 30 pellagrins, the_ blood values in 
the table were obtained by averaging the first two 
determinations. Pipettes certified for accuracy by 
the U. S. Bureau of Standards were used; the 


cells were counted by the usual technique. The 
hemoglobin determinations were made by the 
Sahli acid hematin method, using standards which 
were checked by the Van Slyke and Neill method 
(8) for determination of oxygen capadtj'. The 
mean corpuscular volume was calculated by the 
hematocrit method of Van Allen (9). These pro- 
cedures were further standardized by repeated ob- 
sen-ations on 10 adults in good health. The pi- 
pettes, calibrated tubes, hemoglobinometers, and 
hemocj-tometers were the same as those used for 
the pellagrins. The only difference in the two 
studies was that the observations on the indi- 
riduals w’ith pellagra were continued for a longer 
period of time. After the completion of all blood 
determinations on the 30 patients and the 10 indi- 
viduals serving as controls, the color index, vol- 
ume index, mean corpuscular hemoglobin in mi- 
cromicrograms, mean corpuscular volume in cubic 
microns, and the saturation index were calculated. 
In all instances 15.5 grams hemoglobin were re- 
garded as KK) per cent, and all persons with a 
hemoglobin value below 80 per cent and a red 
blood cell count of 4 million or less were arbi- 
trarily considered as having anemia. 

Repeated gastric analyses were dope on only 
27 of the 30 pellagrins ; the remaining 3 were con- 
sidered too ill. Breakfast was withheld the morn- 
ing of the test, a small Rehfuss tube was passed, 
and the fasting contents of the stomach were with- 
drawn. Immediately after this procedure, 0.0005 
gram ergamine add phosphate was injected subcu- 
taneously. Twenty minutes later and again 40 
minutes later the contents of the stomach were 
once more withdrawn. Free and total aridity were 
determined in the usual way, N/10 sodium hy- 
droxide being used for titration and Topfer's 
reagent and phenolphthalein as indicators. A 
quantitative estimate of pepsinogen was made by 
the Mett tube method, and the presence of rennin 
was determined by incubation of a mixture of 5 
drops of gastric juice and 5 cc. of milk for 30 
minutes at 37° C. 
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injection of erenininc ncid pho^plmtc hiif even with 
tlic incrcnsc. the innjority of eases did not have 
so nuicli ns 20 cc. pnstric juice which could be 
withdrawn from the sloinach. In this small series 
of cases the dqtrcc of anemia did not seem to be 
sijrniricnntly related to the degree of hypochlor- 
hydria or achlorhyiiria. 

DISCUSSION 

It has been siiown in the course of this inves- 
tigation that 63.3 ])er cent of the severely ill pel- 
lagrins had an anemia, which can he classified 
into the following 2 types: (I) about 75 per cent 
of the patients with anemia had definite increase 
in the volume of the red blood cells and a color 
inde.v of 1 or above: (2) the other 25 per cent 
Itad an anemia characterized by a decrease in the 
red blood cell volume and color indc.x. Since all 
of these patients witii pellagra are known to have 
eaten only small amounts of food for a long period 
of time, it seems likely that they suffered from 
the lack of many ncces.sary food substances, in- 
cluding iron and the antiancmic substance found 
in liver. 

It is theoretically conceivable that the anemia 
associated wth pellagra may be caused by one of 
the followng factors or by some combination of 
these factors: 

1. Dysfunction of the stomach. 

2. Failure of adequate ingestion of iron or other 
nutritional substances important in erythrop>oiesis. 

3. Possible hepatic changes interfering with 
storage of the antiancmic factor. 

Any attempt, however, to correlate the presence 
of anemia in pellagrins with the above factors 
gives rise to various difficulties. In the first place, 
it is important to realize that all pellagrins do not 
develop anemia. This is true regardless of 
whether they give a histor}' of small food intake 
or heavy drinking over a period of many years, 
or whether they have achylia gastrica. Since this 
is the case, it is possible that some quantitative 
relationship may exist between some of the afore- 
mentioned factors and the development of anemia. 
In the second place, the administration of any one 
specific therapeutic agent such as yeast, liver ex 
tract, or iron did not invariably bring about a 
Uniform hematological response in those^ patjen s 
who did develop anemia. Further studies 
be made before this latter mechanism can be under- 


stood, but at the present it has been shown that 
the pellagrins who developed anemia eventually 
attained normal blood values when given antipel- 
lagric therapy over a long period of time. The 
relationship of achylia gastrica to the development 
of anemia in pellagrins^ may’ be of some quanti- 
tative importance, but the studies of Spies and 
Payne (12) showed that the gastric juice from 2 
pellagrins activated beef in such a manner as to 
cause a remission of pernidous anemia, thus dem- 
onstrating that the unknown constituent of the 
gastric juice, which is lacking in the pernicious 
anemia patient, was present in the stomach con- 
tents of the pellagrins. The possible relationship 
between hepatic changes and hemopoiesis in these 
cases is at present only a theoretical concept. It 
may be of some importance, however, that post- 
mortem examination of the livers from the pa- 
tients who have died in this clinic frequently 
showed fatty infiltration (13), 

CONCLUSIONS 

1. It has been shown in this study that the pe- 
ripheral blood findings of an anemia, usually 
characterized by increased red blood cell volume, 
occur in 63.3 per cent of 30 severely diseased 
“ alcoholic ” pellagrins. 
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TABLE I 


Blood values of thirty cases of alcoholic pellagra 


Date 

Number 

Name 

Hospital 

number 

63 

ttt 

< 

s 

w 

Race 

Free gastric 
acidity after 
histamine 

R.B.C. 

Hemoglobin 

Hemoglobin 

Hematocrit 

S 

•o 

.5 

*0 

o 

Mean cor- 
puscular 
hemoglobin 

Volume index 

u 

"3 

tn ^ 

3 S 

cQa 

rt o p 

|l 

3.3 

ftf 

(/) 





years 



cc. NIIO 
per 100 

millions 

per 

cent 

grams 
i>er cent 

per 

cent 


micros 

micros 


cubic 

mi- 

crons 

121 


June 8, 1933 

1. 

C. F. 

133089 

49 

M. 

W. 

0 

3.79 

82 

13.0 

45 

1.09 

35.1 

1.33 

.83 

June 11, 1933 

2. 

W.M. 


70 

M. 

w. 

0 

4.47 

74 

11.4 


.87 

26.1 

June 27, 1933 

3. 

.T. C. 

■K 

42 

M. 

w. 

0 

3.85 

85 

13.7 

44 

1.10 

36.2 

1.25 

116 

.80 

June 30, 1933 

4. 

H. D. 


43 

M. 

w. 


2.93 

60 

9.69 

29 

■ffil 

33.1 

mm. 

100 

.95 

July 3, 1933 

5. 

R. H. 


42 

M. 

w. 

39 

3.73 

78 

12.9 

38 

1.06 

35.1 

1.12 

103 

.94 

July 3, 1933 

6. 

A. S. 

135696 

26 

F. 

c. 

5 

3.46 

78 

12.1 

43 

1.13 

34.8 

1.35 

123 

.84 

July 3, 1933 

7. 

R. R. 

1S3011 

36 

F. 

c. 

0 

3.35 

68 

10.3 

34 

BKDI 

31.9 

HiB 

103 

.92 

July 6, 1933 

8. 

C. A. 

152207 

43 

M. 

w. 

0 

3.71 

71 

10.6 

37 

.96 

28.5 


100 

.88 

July 6, 1933 

9. 

W. C. 

153208 

31 

F. 

c. 

0 

3.77 

68 

11.0 


.92 

29.9 



July 7, 1933 

Bni 

A. M. 

153224 

44 

M. 

w. 

0 

3.71 

78 

12.1 

44 


32.7 

1.28 

119 

.82 

July 11, 1933 

11. 

M. C. 

153286 

44 

M. 

c. 

0 

3.56 

80 

12.8 

42 

1.13 

36.6 

1.31 

120 

.80 

July 17, 1933 

12. 

A. C. 

144625 

36 

F. 

c. 

0 

3.46 

83 

12.9 

43 


37.1 

1.35 

123 

.74 

July 27, 1933 

13. 

R. S. 

153568 

32 

M. 

c. 

0 

4.21 

82 

13.0 



30.9 



August 1, 1933 

14. 

C. L. 

153454 

51 

M. 

c. 

20 

3.19 

72 

10.9 

35 

1.14 

34.0 


113 

.94 

August 1, 1933 

IS. 

J.T. 

153620 

48 

M. 

w. 

18 

3.65 

82 

12.4 

42 

1.12 

33.5 

1.22 

114 

.90 

August 16, 1933 

16. 

W. R. 

137902 

48 

M. 

c. 

40 

4.18 

73 

11.0 

42 

.88 

25.7 


100 

.80 

August 18, 1933 

17. 

M. W. 

153944 

36 

F. 

w. 

58 

3.68 

78 

12.4 

42 


33.5 

1.25 

114 

.85 

August 18, 1933 

18. 

C. W. 

143320 

26 

F. 

c. 

12 

3.03 

75 

11.6 

41 

1.25 

38.7 

1.50 

136 

.80 

August 24, 1933 

19. 

B. M. 

152573 

30 

F, 

w. 

5 

4.71 

90 

14.2 

44 

.97 

30.0 


94 

,94 

September 11, 1933 

Kill 

0. Q. 

154338 

38 

F. 

c. 


4.48 

80 

12.4 


.91 

28.2 




September 23, 1933 

21. 

G. P. 


44 

M. 

w. 

0 

3.13 

71 

11.2 

42 

1.13 

36.1 

1.46 

136 

.80 

November 18, 1933 

22, 

S. L. 

155469 

15 

M. 

w. 

23 

4.75 

84 

13.0 


.90 

27.7 




November 20, 1933 

23. 

G. W. 

155481 

29 

M. 

c. 

0 

3.94 

73 

10.2 


.93 

26.2 




November 22, 1933 

24. 

A. Y. 

i 

*31 

F. 

c. 

0 

3.15 

70 

10.0 

38 

fm 

32.2 

1.28 

123 

.85 

December 1, 1933 

25. 

E. H, 

In s 

38 

F. 

c. 

21 

3.84 

60 

9.9 


.79 

26.1 




December 8, 1933 

26. 

W. T. 


28 

M. 

c. 

0 

4.71 

85 

12.1 

44 


25.7 

im 

94 

.90 

January 16, 1934 

27. 

G. E. 

I fill 

47 

M. 

c. 


5.47 

89 

14.3 


.85 

26.5 




January 23, 1934 

28. 

E. S. 

1 ; E 1 ; I 

29 

F. 

c. 

0 

4.28 

79 

13.2 


.93 

31.3 




February 10, 1934 

29. 

A. L. 

1 ' 

41 

M. 

c. 

0 

4.82 

94 

15.6 

46 

.98 

32.5 


96 

.94 

February 10, 1934 


F. C. 

1 ''ll' 

51 

M. 

c. 

0 

4.99 

97 

13.7 

45 

.99 

27.9 

1.00 

95 

.99 


OBSERVATIONS 

Nineteen of the 30 patients, 63.3 per cent, had 
an anemia with an average red cell count of 3.5 
million and an average hemoglobin value of 74 
per cent (see Table I). Of these 19, 15 had a 
color index averaging 1.11 (see Figure 1) and a 
volume index above 1. Identical determinations 
made on the individuals used as controls gave an 
average color index of 0.98 and an average volume 
index of 1.04 (consistent with the normal values 
of Haden (10) and Osgood (11)). 

Seventeen of the 30 pellagrins had achylia gas- 
trica as evidenced by the absence of free HCl, 
pepsinogen, and rennin following the administra- 
tion of ergamine acid phosphate. Five of the 
remaining 10 pellagrins on whom gastric analyses 
were performed during the acute stages of the 
disease had definite hypoacidity and decreased 
values of pepsinogen and rennin. The gastric 


juice in nearly all instances was markedly reduced 
in volume, nearly always being less than 20 cc. 
Oftentimes it appeared to be entirely mucus, but 
occasionally it was free-flowing and limpid. The 
volume of gastric secretion increased following the 
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Fig. 1. Showing How a Curtc Representing the 
Color Index Values of the Anemia of Alcoholic 
Pellagra Lies Near the Normal and Betwee.v Simi- 
lar Curves Representing Those of Idiopathic H^^’0- 
cHROMic Anemia and Pernicious Anemia. 
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injection of crgnininc acid phosphate but even with 
the increase, the majority of cases did not have 
so much as 20 cc. gastric juice which could be 
withdrawn from the stomach. In this small series 
of cases the degree of anemia did not seem to be 
significantly related to the degree of h\'pQchlor- 
hydria or achlorhydria. 

DISCUSSION- 

It has been shown in the course of this inves- 
tigation that 63.3 per cent of the severely ill pel- 
lagnns had an anemia, which can be classified 
into the following 2 types: (1) about 75 per cent 
of the patients with anemia had definite increase 
in the volume of the red blood cells and a color 
index of 1 or above; (2) the other 25 per cent 
had an anemia characterized by a decrease in the 
red blood cell volume and color index. Since all 
of these patients with pellagra are known to have 
eaten onh- small amounts of food for a long period 
of time, it seems likely that they suffered from 
the lack of many necessar>’ food substances, in- 
cluding iron and the antianemic substance found 
in liver. 

It is theoretically conceivable that the anemia 
associated with pellagra may be caused by one of 
the following factors or by some combination of 
these factors: 

1. Dysfunction of the stomach. 

2. Failure of adequate ingestion of iron or other 
nutritional substances important in erj-thropoiesis. 

3. Possible hepatic changes interfering with 
storage of the antianemic factor. 

Any attempt, however, to correlate the presence 
of anemia in pellagrins with the above factors 
gives rise to various difficulties. In the first place, 
it is important to realize that all pellagrins do not 
develop anemia. This is true regardless of 
whether they give a historj- of small food intake 
or hea-vy drinking over a period of many years, 
or whether they have achylia gastrica. Since this 
is the case, it is possible that some quantitative 
relationship may exist between some of the afore- 
mentioned factors and the development of anemia. 

In the second place, the administration of any one 
specific therapeutic .agent such as yeast, liver ex- 
tract, or iron did not invariably bring about a 
uniform hematological response in those patients 
who did develop anemia. Further studies must 
be made before this latter mechanism can be under- 


stood, but at the present it has been shown that 
the pellagrins who developed anemia eventually 
attained normal blood values -n-hen given antipel- 
lagric therapy over a long period of time. The 
relationship of achylia gastrica to the development 
of anemia in pellagrins^ tazy be of some quanti- 
tative importance, but the studies of Spies and 
Pajme (12) showed that the gastric juice from 2 
pellagrins activated beef in such a manner as to 
cause a remission of pemidous anemia, thus dem- 
onstrating that the unknown constituent of the 
gastric juice which is lacking in the pemidous 
anemia patient, was present in the stomach con- 
tents of the pellagrins. The possible relationship 
between hepatic changes and hemopoiesis in these 
cases is at present only a theoretical concept. It 
may be of some importance, however, that post- 
mortem examination of the livers from the pa- 
tients who have died in this dinic frequently 
showed fatt>' infiltration (13). 

CON'CLUSION'S 

1. It has been shown in this study that the pe- 
ripheral blood findings of an anemia, usually 
characterized by increased red blood cell volume, 
occur in 63,3 per cent of 30 severely diseased 
“ alcoholic ” pellagrins. 
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TABLE I 

Blood values of thirty cases of alcoholic pellagra 


Date 

Number 

Name 

Hospital 

number 

t) 

ta 

< 

S 

CO 

Race 

Free gastric 
acidity after 
histamine 

R.B.C. 

Hemoglobin 

Hemoglobin 

Hematocrit 

Color index 

Mean cor- 
puscular 
hemoglobin 

Volume inde-x 

1 - 
s 

. o 41 
0? n 

S B 

C 

S8> 

IS 

B 

o 

■5 M 

ri 4) 

2.S 

pj 

w 



■ 


years 



cc. NIIO 
per 100 

millions 

Par 

cent 

grams 
per cent 

per 

cent 


micro- 

micro- 


cubic 

mi- 












grams 


crons 


June 8, 1933 

1. 

C. F. 

133089 

49 

M. 

W. 

0 

3.79 

82 

13.0 

45 

wm 

35.1 

1.33 

121 

.83 

June 11, 1933 

2. 

W.M. 

152770 

70 

M. 

W. 

0 

4.47 

74 

11.4 


.87 

26.1 




June 27, 1933 

•3. 

J. c. 

152763 

42 

M. 

w. 

0 

3.85 

85 

13.7 

44 

■ER 

36.2 

1.25 

116 

.80 

June 30, 1933 

4. 

H. D. 

122436 

43 

M. 

w. 


2.93 

60 

9.69 

29 

1.04 

33.1 

1.09 

100 

.95 

July 3, 1933 

5. 

R. H. 

152893 

42 

M. 

w. 

39 

3.73 

78 

12.9 

38 

1.06 

35.1 

1.12 

103 

.94 

July 3, 1933 

6. 

A. S. 

135696 

26 

F. 

c. 

5 

3.46 

78 

12.1 

43 

1.13 

34.8 

1.35 

123 

.84 

July 3, 1933 

7. 

R. R. 

153011 

36 

F. 

c. 

0 

3.35 

68 

10.3 

34 

■Kin 

31.9 

1.10 

103 

.92 

July 6, 1933 

8. 

C. A. 

152207 

43 

M. 

w. 

0 

3.71 

71 

10.6 

37 

.96 

28.5 

1.08 

100 

.88 

July 6, 1933 

9. 

W. C. 

153208 

31 

F. 

c. 

0 

3.77 

68 

11.0 


.92 

29.9 




July 7, 1933 

10. 

A. M. 

153224 

44 

M. 

w. 

0 

3.71 

78 

12.1 

44 

IBM 

32.7 

1.28 

119 

.82 

July 11, 1933 

11. 

M. C. 

153286 

44 

M. 

c. 

0 

3.56 

80 

12.8 

42 

1.13 

36.6 

1.31 

120 

.80 

July 17, 1933 

12. 

A. C. 

144625 

36 

F. 

c. 

0 

3.46 

83 

12.9 

43 

1.20 

37.1 

1.35 

123 

.74 

July 27, 1933 

13. 

R. S. 

153568 

32 

M. 

c. 

0 

4.21 

82 

13.0 


iBu] 

30.9 




August 1, 1933 

14. 

C. L. 

153454 

51 

M. 

c. 

20 

3.19 

72 

10.9 

35 

1.14 

34.0 

1.20 

113 

.94 

August 1, 1933 

IS. 

J.T. 

153620 

48 

M. 

w. 

18 

3.65 

82 

12.4 

42 

1.12 

33.5 

1.22 

114 

.90 

August 16, 1933 

16. 

W. R. 

137902 

48 

M. 

c. 

40 

4.18 

73 

11.0 

42 

.88 

25.7 

1.08 

100 

.80 

August 18, 1933 

17. 

M.W. 

153944 

36 

F. 

w. 

58 

3.68 

78 

12.4 

42 

IBB 

33.5 

1.25 

114 

.85 

August 18, 1933 

18. 

C. W. 

143320 

26 

F. 

c. 

12 

3.03 

75 

11.6 

41 

1.25 

38.7 

1.50 

136 

.80 

August 24, 1933 

19. 

B. M. 

152573 

30 

F. 

w. 

5 

4.71 

90 

14.2 

44 

mn 

30.0 

1.02 

94 

.94 

September 11, 1933 


0. Q. 

154338 

38 

F. 

c. 


4.48 

80 

12.4 


.91 

28.2 




September 23, 1933 

21, 

G. P. 

154544 

44 

M. 

w. 

0 

3.13 

71 

11.2 

42 

1.13 

36.1 

1.46 

136 

.80 

November 18, 1933 

22. 

S. L. 

155469 

IS 

M. 

w. 

23 

4.75 

84 

13.0 


mm 

27.7 




November 20, 1933 

23. 

G. W. 

155481 

29 

M. 

c. 

0 

3.94 

73 

10.2 


.93 

26.2 




November 22, 1933 

24. 

A. Y. 

153313 

•31 


c. 

0 

3.15 

70 

10.0 

38 

1.09 

32.2 

1.28 

123 

.85 

December 1, 1933 

25. 

E. H. 

155669 

38 


c. 

21 

3.84 

60 

9.9 


.79 

26.1 




December 8, 1933 

26. 

W. T. 

149182 

28 

M. 

c. 

0 

4.71 

85 

12.1 

44 

.90 

25.7 

1.02 

94 

.90 

January 16, 1934 

27. 

G. E. 

156351 

47 

M. 

c. 


5.47 

89 

14.3 


.85 

26.5 




January 23, 1934 

28. 

E. S. 

153688 

29 

F. 

c. 

0 

4.28 

79 

13.2 


.93 

31.3 



.94 

February 10, 1934 

29. 

A. L. 

149424 

41 

M. 

c. 

0 

4.82 

94 

15.6 

46 

.98 

32.5 

1.04 

96 

February 10, 1934 

30. 

F. C. 

156057 

51 

M. 

c. 

0 

4.99 

97 

13.7 

45 

.99 

27.9 

1.00 

95 

.99 


OBSERVATIONS 

Nineteen of the 30 patients, 63.3 per cent, had 
an anemia with an average red cell count of 3.5 
million and an average hemoglobin value of 74 
per cent (see Table I). Of these 19, 15 had a 
color index averaging 1,11 (see Figure 1) and a 
volume index above 1, Identical determinations 
made on the individuals used as controls gave an 
average color index of 0.98 and an average volume 
index of 1.04 (consistent with the normal values 
of Haden (10) and Osgood (11)). 

Seventeen of the 30 pellagrins had achylia gas- 
trica as evidenced by the absence of free HCl, 
pepsinogen, and rcnnin following the administra- 
tion of ergamine acid phosphate. Five of the 
remaining 10 pellagrins on whom gastric analyses 
were performed during the acute stages of the 
disease had definite hypoacidity and decreased 
values of pepsinogen and rennin. The gastric 


juice in nearly all instances was markedly reduced 
in volume, nearly always being less than 20 cc. 
Oftentimes it appeared to be entirely mucus, but 
occasionally it was free-flowing and limpid. The 
volume of gastric secretion increased following the 
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COLOK woex 

Fig. 1. Showing How a Curvx Representing the 
Color Index Values of the Anemia of Alcoholic 
Pellagra Lies Near the Normal and Bet^veen Simi- 
lar CuR\'ES Representing Those of Idiopathic H^'PO' 
CHROMIC Anemia and Pernicious Anemia. 
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The \7iluc, on occasion, of accelerating the re- 
moval of alcohol from the body, especially in 
cases of acute alcoholic intoxication, is so evident 
as to require no elaboration. However, the 
amount which can be eliminated b}' the ordinary 
excrctor}' channels is so small as to be practically 
insignificant, and the rate of metabolism of alco- 
hol in the body is peculiarly resistant to modifica- 
tion, proceeding at a constant rate (1, 2, 3) for 
the individual. In spite of the popular sobering 
effect of a brisk walk in the cold air, it has been 
shown experimentally that neither external cold 
(4) nor muscular c.xercise (5, 6, 7) exerts the 
slightest influence on this constant rate of metab- 
olism. 

Nevertheless, two substances, dinitrophenol and 
insulin, have been demonstrated to accelerate the 
speed of combustion of alcohol in experimental 
animals. It was shown by Supniewski (8) that 
the simultaneous administration of a unit of in- 
sulin per kilogram with the dose of alcohol in 
rabbits caused twice as rapid a fall of blood alco- 
hol as in controls which did not receive insulin. 
Insulin is also known to increase the acetaldehyde 
concentration of the blood (8), and acetaldehyde 
may be one of the intermediary products in the 
metabolism of alcohol. Widmark (9) has shown 
that the administration of 10 mgm. per kilogram 
of dinitrophenol to dogs which have received a 
dose of alcohol is effective in more than doubling 
the rate of disappearance of alcohol frorn Ae 
blood. He feels that at least a part of this in- 
crease may be due to hyperventilation and hj-per- 
thermia which accompany the dose employed. 
This work has been confirmed by Harger and 
Hulpieu (10). 

It has been the purpose of the present wor to 
ascertain the value of these agents in the practi- 


cal therapeusis of alcohol intoxication in mam 
To this end, we have subjected them to experi- 
mental trial both in vitro and in vivo, always bear- 
ing in mind that the dosage used must be within 
the limits prescribed by safetj' in admim’stration 
to man. 

EXPERIMENTAL WORK 

The action of dinitrophenol in accelerating the 
metabolism of alcohol by rat liver in vitro has 
already been reported by us (11). Suffice it to 
say that concentrations of from 1:5,000,000 to 
1 : 20,000,000 were shown to increase the amount 
of .1 per cent alcohol metabolized by a fixed 
amount of rat liver from 5 to 10 per cent. Higher 
concentrations showed no effect or slight inhibi- 
tion. In the absence of animal tissue, dinitro- 
phenol was not effective in causing a disappear- 
ance of alcohol from the solution. 

In vivo, tivo approaches were made to the prob- 
lem. Firstly, a test dose of .5 cc. ethyl alcohol 
was administered to a subject, and the rate of fall 
of the alcohol content of the blood followed at 
interv'als. Subsequently, the subject was given 
100 mgm. dinitrophenol three times daily for a 
period of two weeks, during which time there 
was an increase of 30 per cent in her basal meta- 
bolic rate. In spite of this, on the administration 
of a similar test dose the rate of fall of the blood 
alcohol was found to be identical with the first 
trial. 

Secondly, another subject was given 1.5 cc. of 
alcohol per kilogram as a 20 per cent solution in 
normal saline in one hour, the intravenous route 
being again emploj'ed. An hour was allowed to 
elapse for equilibration between the blood and 
tissues, and then the rate of decline of the blood 
alcohol followed at hourly intervals for two 
hours, at the end of which time 500 mgm. of 
dinitrophenol were administered by mouth, and 
the blood alcohol again determined at hourly in- 


^ Supported in part by a grant from the Rockefeller 
Fluid Research Fund of Stanford University School ot 
Medicine. 
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of infiilin per kiloi^rnm wns administered h^TW- 
dcmiicnlly, tiic simultaneous administration of 
200 prams of plucosc in a small amount of water 
l>cinp effected by moutii. Hourly blood samples 
were analysed for alcohol subsequent to the in- 
jection. .-Xl no timc.did the subjects eeidence any 
of the sipns of hypoplyccmic shock. Figure 1 
shows the acceleration of the decline of the alco- 
hol airvc following the administration of insulin 
in one of the subjects, amounting, to a 50 per 
cent increase in the rate. The increase in rate of 
metabolism in each ease is seen in Table I. 

In order to determine if the insulin effect could 
be produced by the insulin free pancreatic extract, 
the c.\'perimenl was repeated, 10 cc. of the extract 
being given intramuscularly in place of the in- 
sulin. The results arc tabulated in Table I, and 
in the ease of one of the subjects, shown graphi- 
cally in Figure 1, show about the same activity 
as insulin. 

SU.^f .^^ARV 

It has been shown that both dinitrophenol and 
the two pancreatic extracts are capable of in- 
creasing the rate of metabolism of alcohol by rat 
liver in vitro. Insulin and insulin-free pancreatic 
extract, unlike dinitrophenol, are effective in caus- 
ing the o.xidation of alcohol in the absence of ani- 
mal tissue. 

In vivo, dinitrophenol was not effective in ap- 
preciably increasing the rate of oxidation of alco- 
hol in the ma.ximum dose deemed safe for routine 
administration in man. Insulin, however, in a 
dose of 1 unit per kilogram, is effective in pro- 
ducing a fifty per cent increase in the rate of dis- 
appearance of alcohol from the blood stream. 
When administered with the appropriate amount 
of glucose, this dosage may be used safely. That 
the action may not be due to insulin itself, but to 
some other component of the commercial product 
is shown by the similar effect demonstrated wi ^ 
the insulin-free pancreatic extract. Indeed, it 
would be verj' unlikely that a substance such as 
insulin, with its highly spedfic action, should so 
be a factor in alcohol metabolism. Much more 
probable is the presence in pancreatic extract, and 
perhaps in the extracts of other organs, of a pnn 
dple capable of effecting the combustion of alco- 
hol. The isolation of this prindple ^ 

other components of tissue extracts, an its con 


centration, may give us a preparation of value 
in acute alcoholic intoxication. Further work in 
this direction is in progress. 

CONCLUSIONS 

1. Dinitrophenol accelerates the metabolism of 
alcohol by animal tissues, in -vitro. 

2. Insulin and insulin-free pancreatic extract 
effect the oxidation of alcohol in vitro in the ab- 
sence of tissue. 

3. Dinitrophenol is not an effective accelerator 
of alcohol metabolism in safe doses in man. 

4. Insulin and insulin-free pancreatic extract 
are capable of increasing the rate of alcohol me- 
tabolism approximately fiftj' per cent in thera- 
peutic doses in man. 

5. Isolation of the principle responsible for 
this action may jdeld a useful accelerator of alco- 
hol metaboh'sm free from undesirable side-actions. 
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Fig. 1. The Influence of Dinitrophenol, Insulin, 
AND Insulin-free Pancreatic Extract on the Curve 
OF Blood Alcohol Concentration Following Ad- 
ministration OF A Test Dose of Alcohol Intrave- 
nously. 

tcrvals. The results are shown in Figure 1, and 
tabulated in Table I. No rise in body tempera- 
ture, or noticeable increase in respiration, was 
observed with this dose, which is, however, as 
high as could be routinely administered to man 
with safety. 


table I 

Increase in rate of metabolism of alcohol in man 


Accelerator 

Average 

decline 

before 

administra- 

tion 

Average 
decline | 
after 

administra- 

tion 

Increase 

Dinitrophenol, 

msm, per 
too cc. 
per hour 

mgm. per 
too cc. 
per hour 

per cent 

500 milligrams 

Insulin, 1 unit per kilo- 

13.7 

14.4 

5 

gram 

Insulin, 1 unit per kilo- 

11.7 

18.0 

54 

gram 

14.3 

20.0 

40 

Tissue extract, 10 cc 

11.3 

18.6 

65 

Tissue e.xtract, 10 cc 

14.3 

16.7 

17 


With insulin, the same technic in vitro was 
employed as with dinitrophenol. Three hundred 
milligrams of rat liver, sliced to a thickness of 
.5 mm., were placed in a 25 cc. Ehrlenmeyer flask, 
3 cc. of appro.ximately .1 per cent alcohol in phos- 


phate buffer at pH 7.4 and sufficient insulin t 
bring the solution to the desired concentratioi 
added, the air replaced by oxygen, and the flasl 
agitated 120 times per minute in an incubator a 
37 degrees C. for two hours. At the end of thi; 
time the action was stopped by placing the flask 
in ice water, and the analyses for alcohol carriec 
out by the method of Cannan and Sulzer (12) 
The results may be seen in Table 11. Controls 
were run in each case without insulin. . All values 
are the average of duplicate determinations. 


table II 

Increase in alcohol combustion in vitro 


Preparation 

(3 cc. 0.1 per cent alcohol in 
buffer pH 7.4 in each) 

Liver and insulin, 1 unit per liter. 
Liver and insulin, 1 unit per liter. 

Insulin, 1 unit per liter 

Insulin, 1 unit per liter 

Insulin, 1 unit per liter 

Insulin, 1 unit per liter 

Insulin, 1 unit per liter 

Tissue extract, 0.5 cc. per liter. . . 
Tissue extract, 0.5 cc. per liter. . . 


Increase in alcohol com- 
bustion over control 

mgm. tier 100 cc, per hour 

5.0 

2.6 

5.5 

2.7 

2.9 

3.2 

2.2 

2.7 

1.9 


Again a control was run on the same mixture 
without the presence of the rat liver. Here, in 
contrast to the inactivity of dinitrophenol, there 
was a disappearance of alcohol from the solution, 
which was approximately equal to the increase 
shown in the above table when insulin was added 
to the rat liver flasks. The results are seen in 
Table 11. 

Thus, commercial insulin under these condi- 
tions is capable of causing the disappearance of 
alcohol. That this is an oxidative process was 
shown by displacing the air with nitrogen rather 
than oxygen, in which case no alcohol was 
destroyed. 

Since commercial insulin is, after all, a tissue 
extract, and tissue extracts have long been known 
to be effective in causing the oxidation of alcohol 
(13, 14), we repeated the experiment using an 
insulin free pancreatic extract (15). Here again 
some of the alcohol disappeared from solution, as 
can be seen from Table 11. 

In the investigation of insulin in vivo, two hu- 
man subjects were given a test dose of 1.5 cc. of 
alcohol per kilogram by vein, and after an inter- 
val of an hour blood alcohol determinations were 
run hourly for three hours, at which time 1 unit 
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of insulin per kilo^ratn was administered h^TX)- 
dcnnically, llie sinniltaneous administration of 
200 prams of piticosc in a small amount of water 
l)cinp cfTccted by moiitli. Hourly blood samples 
were nnalyacd for alcohol siihscquent to the in- 
jection. At no time did the subjects evidence an}' 
of the signs of hypoglycemic shock. Figure 1 
shows the acceleration of the decline of the alco- 
hol curve following the administration of insulin 
in one of the subjects, amounting, to a 50 per 
cent increase in the rale. The increase in rate of 
metabolism in each case is seen in Table I. 

In order to determine if the insulin effect could 
be produced by the insulin free pancreatic c-xtract, 
the experiment was repeated, 10 cc. of the extract 
being given intramuscularly in place of the in- 
sulin. The results arc tabulated in Table I, and 
in the case of one of the subjects, shown graphi- 
cally in Figure I, show about the same activity 
as insulin. 

SUM^fARV 

It has been shown that both dinitrophenol and 
the two pancreatic c.xtracts are capable of in- 
creasing the rate of metabolism of alcohol by rat 
liver in vitro. Insulin and insulin-free pancreatic 
extract, unlike dinitrophenol, are effective in caus- 
ing the oxidation of alcohol in the absence of ani- 
mal tissue. 

In vivo, dinitrophenol was not effective in ap- 
preciably increasing the rate of oxidation of alco- 
hol in the maximum dose deemed safe for routine 
administration in man. Insulin, however, in a 
dose of 1 unit per kilogram, is effective in pro- 
ducing a fift}’ per cent increase in the rate of dis- 
appearance of alcohol from the blood stream. 
When administered with the appropriate amount 
of glucose, this dosage may be used safely. That 
the action may not be due to insulin itself, but to 
some other component of the commercial product, 
is shown by the similar effect demonstrated with 
the insulin-free pancreatic extract. Indeed, it 
would be very unlikely that a substance such as 
insulin, with its highly spedfic action, should also 
be a factor in alcohol metabolism. Much more 
probable is the presence in pancreatic extract, and 
perhaps in the extracts of other organs, of a prin- 
ciple capable of effecting the combustion of alco- 
hol. The isolation of this principle from the 
other components of tissue extracts, and its con- 


centration, may give us a preparation of value 
in acute alcoholic intoxication. Further work in 
this direction is in progress. 

CONCLUSIONS 

1. Dinitrophenol accelerates the metabolism of 
alcohol by animal tissues, in vitro. 

2. Insulin and insulin-free pancreatic extract 
effect the oxidation of alcohol in vitro in the ab- 
sence of tissue. 

3. Dinitrophenol is not an effective accelerator 
of alcohol metabolism in safe doses in man. 

4. Insulin and insulin-free pancreatic extract 
are capable of increasing the rate of alcohol me- 
tabolism approximately fifty per cent in thera- 
peutic doses in man. 

5. Isolation of the principle responsible for 
this action may yield a useful accelerator of alco- 
hol metabolism free from undesirable side-actions. 
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